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Summary

Although immediate-Type I skin reactions to human dander have been described six dec-
ades ago, only the recent application of molecular biology to allergology research allowed
fast and detailed characterization of IgE-binding autoantigens. These can be functionally
subdivided into three classes: (1) self-antigens with sequence homology to environmental
allergens belonging to the class of phylogenetically conserved proteins, (2) self-antigens
without sequence homology to known environmental allergens, and (3) chemically modi-
fied self-antigens deriving from workplace exposure. As environmental allergens, also
IgE-binding autoantigens belong to different protein families without common structural
features that would explain their IgE-binding capability. Many of the self-antigens show-
ing sequence homology to environmental allergens, are phylogenetically conserved pro-
teins like manganese dependent superoxide dismutase, thioredoxin or cyclopilin. Their
IgE-binding capability can be explained by molecular mimicry resulting from shared B-
cell epitopes. A common factor of IgE-binding self-antigens without sequence homology
to known environmental allergens is that they elicit IgE responses only in individuals suf-
fering from long-lasting atopic diseases. In contrast, IgE-mediated reactions to modified
self-antigens might be explained with the generation of novel B-cell epitopes. Chemically
modified self-antigens are likely to be recognized as non-self by the immune system. The
clinical relevance of IgE responses to self-antigens remains largely unclear. Well docu-
mented is their ability to induce immediate Type I skin reactions in vivo, and to induce
mediator release from effector cells of sensitized individuals in vitro. Based on these
observations it is reasonable to assume that IgE-mediated cross-linking of FcRIe receptors
on effector cells can elicit the same symptoms as those induced by environmental aller-
gens, and this could explain exacerbations of chronic allergic diseases in the absence of
external exposure. However, because most of the described IgE-binding self-antigens are
intracellular proteins normally not accessible for antigen—antibody interactions, local
release of the antigens is required to explain the induction of symptoms.
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induced symptomatic in sensitized individuals [2-4].
IgE-mediated autoreactivity to self-antigens and IgE au-
toimmunity are less clearly defined and we should dis-

Allergy, also called Type I hypersensitivity is clearly
defined as an immediate reaction occurring a few min-
utes after allergen exposure [1]. Mechanistically Type I
hypersensitivity reactions are due to allergen-mediated
cross-linking of allergen-specific IgE bound to high-
affinity FcRIe receptors on the surface of effector cells
[2]. Cross-linking of the receptors results in immediate
release of toxic mediators responsible for the allergen-

tinguish between two subtypes: autoreactivity due to
cross-reactive IgE antibodies resulting from the interac-
tion between IgE raised against environmental allergens
displaying a high sequence homology to human self-
antigens, and IgE antibodies directly raised against self-
antigens resulting in ‘true’ autoimmune reactions. A
special case of autoreactivity might result from chemi-
cal substances which modify self-antigens thus creating
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new IgE-binding epitopes normally absent in nature.
According to this classification three main sections will
be discussed herein: (1) IgE-mediated autoreactivity to
cross-reactive allergens, (2) IgE-mediated autoimmune
reactions and (3) IgE reactivity to modified self-anti-
gens.

Immunoglobulin E-mediated autoreactivity to cross-
reactive allergens

Although Type [ sensitivity reactions against human
dander have been observed for a long time [5], the bio-
chemical nature of the molecular structures involved in
these reactions remained unidentified until progress in
molecular allergology allowed cloning, characterization,
production and purification of recombinant allergens
and autoantigens. The first example of a self-antigen bind-
ing serum IgE was profilin, a human self-antigen
sharing sequence homology to the birch pollen allergen
Bet v 2 [6]. This work showed that serum IgE from
birch pollen allergic individuals bound not only to nat-
ural and recombinant birch profilin but also to human
profilin, indicating that structural similarity of con-
served proteins might be responsible for IgE-mediated
autoreactivity. Although human profilin was able to
induce histamine release from blood basophils of Bet v
2-sensitized individuals [6], attempts to induce positive
skin test reactions with human profilin failed [7]. The
lack of skin test reactivity to human profilin can have
manifold reasons, however, in view of the relatively
low sequence identity shared between birch and human
profilin a strong cross-reactivity mediated by high-
affinity IgE antibodies might not be expected [8-10].
The first clear example that a human self-antigen with
high sequence identity to an environmental allergen
can induce strong skin test reactions derived from stud-
ies aimed at cloning and characterizing Aspergillus fu-

migatus allergens to clarify they roles in allergic
bronchopulmonary aspergillosis (ABPA), an intense
inflammatory lung disease affecting asthmatic and cys-
tic fibrosis patients sensitized to the mould [11, 12].
Human manganese dependent superoxide dismutase
(MnSOD), an essential phylogenetically conserved
enzyme, shows a high degree of sequence homology to
the A. fumigatus MnSOD (Asp f 6). Both sequences cod-
ing for these MnSODs were cloned, produced as recom-
binant proteins and tested for their ability to recognize
serum IgE and induce skin reactions in patients sensi-
tized to the MnSOD of A. fumigatus [13]. Both protein
preparations were able to induce strong immediate-type
I skin reactions and were recognized by human serum
IgE [14]. Cross-reactivity between Asp f 6 and human
MnSOD was further confirmed in extended immunolog-
ical and structural studies [15]. Furthermore, it was
clearly shown that T- and B-cell-mediated autoreactivi-
ty was not only involved in the pathogenesis of ABPA,
but also in severe atopic dermatitis [16, 17]. Cloning of
human self-antigens suspected to represent IgE-binding
proteins based on their high sequence identity with
environmental allergens including acidic ribosomal P,
protein [18], cyclophilins [19, 20] and thioredoxin [21]
showed that all these self-antigens bind IgE from serum
of allergic patients sensitized to the corresponding envi-
ronmental structure and, as a strong indication for the
biological relevance of this cross-reactivity, were able
to induce strong Type I skin reactions [16-21]. A
description of the best identified self-antigens with
sequence homology to environmental allergens and
their properties is reported in Table 1. To analyse the
structural basis of the IgE-mediated reactivity demon-
strated in vitro and in vivo, we solved the 3D structures
of the A. fumigatus MnSOD [22] and cyclophilin [23] as
well as the cyclophilin [20] and thioredoxin [21] of
Malassezia sympodialis, a lipohhylic yeast associated

Table 1. IgE-binding self-antigens with sequence homology to environmental allergens

GenBank accession Molecular Identity to Skin

Protein number Amino acids weight (kDa) Biological function allergen (%) test References

Profilin NM_005022 140 15 Actin-binding protein Bet v 2 (34) Neg 6, 7

MnSOD NM_000636 198 26.7 Superoxide dismutase Asp f 6 (51) Pos 15, 22

P, ribosomal NM_001004 115 13 Functional activity of Asp f 8 (62) Pos 18, 41

protein ribosomes

Cyclophilin A NM_021130 165 17.2 Isomerase Asp f 11 (60) NT 19
Mala s 6 (71)

Cyclophilin B NM-000942 216 22.7 Isomerase Asp f 11 (55) Pos 19, 20
Mala s 6 (63)

Cyclophilin C NM_000943 212 22.8 Isomerase Asp f 11 (51) NT 19
Mala s 6 (60)

Thioredoxin NM_003329 105 12 Oxidoreductase Asp f 29 (48) Pos 21, 27
Mala s 13 (44)

Neg, negative; NT, not tested; Pos, positive.
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with atopic dermatitis [24]. Superimposition of the
solved allergen structures with those of the homologous
human proteins revealed in all cases large structural
similarities with only minor deviations (Fig. 1).

define surface regions potentially involved in IgE-medi-
ated cross-reactivity, we determined shared features on
the level of primary and tertiary structures. Although
the human and fungal proteins share between 45% and
60% identical amino acids at the primary structure
level, only a minority of them are solvent exposed in
homologous pairs and, therefore, likely to be accessible
for antigen—antibody interactions [20-23]. These amino
acids are scattered over the whole linear sequences of
the proteins but become clustered on the surface [20-
24], forming relevant patches of solvent-accessible sur-
face areas fulfilling the criteria for putative IgE-binding
epitopes [25]. Of course the biological relevance of such
putative epitopes needs to be experimentally verified. In
the case of MnSOD it could be shown that site-directed
mutagenesis of amino acids potentially involved in IgE-
binding resulted in a considerably lower IgE-binding
capacity compared to the wild-type enzyme while con-
serving the 3D structure [26], indicating a direct
involvement of these residues in IgE-mediated cross-
reactivity. Indirect evidence for the involvement of
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shared amino acid in cross-reactivity was also derived
from comparison of the size of the patches shared
between different thioredoxins, a pan-allergen family
[21]. Analysis of the molecular surfaces combined with
sequence alignments allowed identification of con-
served solvent exposed amino acids distantly located in
the linear sequences which cluster to patches of contin-
uous surface areas. The size of the surface areas con-
served between human and fungal thioredoxins
correlates well with the inhibitory potential of the mol-
ecules in inhibition ELISA indicating that the shared
amino acids are involved in IgE-binding [27]. Moreover,
it was demonstrated that M. sympodialis thioredoxin-
specific T cells are highly cross-reactive with human
thioredoxin [28]. Interestingly thioredoxin was also
identified as a relevant allergen of wheat and maize
during repertoire screenings of phage surface displayed
libraries with sera from double-blind, placebo-con-
trolled food challenge positive patients [29]. This
prompted us to screen the wheat cDNA library against
immobilized serum IgE from bakers suffering from
occupational asthma and again phage displaying wheat
thioredoxin (Tri a 25) were enriched from the library
[30]. As expected Tri a 25 cross reacted with other thi-
oredoxins including the human enzyme and competi-
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Fig. 1. (a) Structure alignment of Mala s 13 and human thioredoxin. The first line denotes the secondary structure of Mala s 13 assigned by DSSP
[89], the second line shows the number and position of identical residues clustering to surface patch 1 shown in (b) and the third line shows the
sequence numbering of Mala s 13. Identical amino acids are indicated by an asterisk. The two loops which adopt a different conformation in Mala
s 13 compared with human thioredoxin are underlined. Residues that are identical and at last 50% or between 30% and 50% solvent exposed in
both enzymes are shown on a pink or blue background, respectively (modified from ref. [21]). (b) Left: superposition of Mala s 13 (pink) on
human thioredoxin. D and I denote minor distortions due to a deletion in the first a helix and additional short a helix due to an insertion. Car-
boxy- and amino-terminal residues are denoted C and N, respectively. Right: solvent-accessible surfaces of Mala s 13 and human thioredoxin
showing identical putative IgE-binding residues which cluster to a continuous surface exemplified for patch 1. Pink and blue colours depict amino
acids exposed to the solvent >50% and between 30% and 50%, respectively (modified from ref. [21]).
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tion for IgE-binding correlated with the percentage of
sequence identity in ELISA inhibition experiments [30],
demonstrating that IgE reactivity to self-antigens can
also occur in severe asthma without fungal sensitiza-
tion. These results are sufficient to explain the observed
cross-reactivity between self-antigens and environmen-
tal allergens by molecular mimicry and the clinical rel-
evance of such reactions has been clearly documented
[13, 14, 16, 31-33].

Immunoglobulin E-mediated autoimmune reactions

If genuine IgE-mediated autoimmune reactions against
self-antigens really occur, it is still a controversial issue
[31] because it is not easy to directly correlate the pres-
ence of antigen-specific IgE with the symptoms of the
disease. Similarly, in classical allergies to environmental
allergens, up to 30% of subjects showing elevated
serum levels of allergen-specific IgE are asymptomatic
[34]. However, screening of human cDNA libraries
either with classical methods [35] or by phage surface
display technology [36] with sera of patients suffering
from long-lasting chronic allergic diseases revealed a
large repertoire of IgE-binding self-antigens [37]. The
long list of ¢cDNA’s potentially encoding IgE-binding
autoantigens covers different classes of proteins and
can be tentatively subdivided in the following classes:
(1) proteins showing a high degree of sequence homol-
ogy to environmental allergens normally representing
phylogenetically highly conserved proteins; (2) intracel-
lular proteins isolated with sera from atopic dermatitis
patients and (3) autoantigens associated with classical
autoimmune diseases shown to react with IgE autoanti-
bodies [38].

A special case of IgE-mediated autoreactivity might
be represented by human ribosomal P, protein, a classi-
cal autoantigen in lupus erythematosus [39], which

shows a high degree of sequence homology with
eukaryotic P, proteins described as environmental aller-
gens [18, 40]. Recently it has been shown that an array
of fungal P, proteins bind IgE from systemic lupus
erythematosus (SLE) patients showing IgG autoantibod-
ies to human P, protein in spite of the fact that the
patients were not sensitized to any of the fungi or other
environmental allergens [41]. Interestingly 31% of the
patient’'s sera showing specific IgG against the human
P, protein also showed strong IgE responses to this
self-antigen. It is therefore tempting to speculate that
the P,-specific IgE in SLE patients could derive from a
genuine autoimmune reaction in an environment where
B cells are prone to switch towards the production of
autoantibodies against self-antigens. Notably, the inci-
dence of SLE patients showing IgG responses to P,
acidic ribosomal protein switching to IgE reflects more
or less the incidence of atopy in the normal population
[42]. Although, the clinical relevance of these reactions
remains to be elucidated, a recent study clearly shows
that individuals with SLE have elevated serum IgE lev-
els, self-reactive IgEs and activated basophils expressing
CD62 ligand and the major histocompatibility class II
complex. These parameters are associated with
increased disease activity and active lupus nephritis
[43] arguing that genuine IgE autoantibody responses
are involved in the development of lupus nephritis.

The best investigated autoantigens without sequence
homology to environmental allergens are reported in
Table 2. A first difficulty for the interpretation of the
relevance of IgE-mediated autoimmune reactions
derives from the fact that the repertoire of environmen-
tal allergens, although supposed to be limited [44, 45],
is far from complete. Therefore, we cannot exclude that
these reactions could be due to molecular mimicry
induced by thus far undetected environmental allergens.
We can assume, however, that the rapid progress in

Table 2. IgE-binding self-antigens without sequence identity to environmental allergens

EMBL accession Amino Molecular Functional Tissue

Protein number acids* weight (kDa) test’ distribution References
Hom s 1 AB006198 800 73.4 SPT Intracellular 35, 38, 92
Hom s 2 AJ278883 215 23.2 SPT Intracellular 35, 38, 93
Hom s 3 X89985 202 20.1 SPT Intracellular 35, 38
Hom s 4* Y17711 476 54.2 SPT Intracellular 35, 38, 46
Hom s 5 BC069269 564 42.6 SPT Intracellular 35, 38
Actin-o NM_001613 377 42 BAT Intracellular 37, 53
Tubulin-o NM_006009 451 50 BAT Intracellular 37, 53
elF6 NM_002212 245 27 BAT Intracellular 37, 94
HLA-DR-o% NM_019111 254 24 BAT Cell surface 37

RP1 NM_014268 327 39 BAT Intracellular 37

*Predicted from the nucleotide sequence.

TFunctional test indicative for in vivo relevance. SPT, skin prick test; BAT, basophil activation test.

‘Hom s 4 shows homology to calcium-binding allergens.

SRecombinant HLA-DR-o. protein was unable to activate basophils from atopic dermatitis patients showing serum IgE raised against the protein.

© 2011 Blackwell Publishing Ltd, Clinical & Experimental Allergy, 1-9
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both discovering these undetected environmental aller-
gens and in genome sequences will help clarify if au-
toantigens identified as IgE-binding proteins share
sequence homology with environmental allergens. A
good example thereof is ara-the calcium binding pro-
tein C (CALC), an IgE-binding self-antigen initially
claimed to lack sequence homology to environmental
allergens [32]. Later on re-named to Hom s 4, it was
demonstrated that CALC cross reacts with environmen-
tal allergens belonging to the well-known family of
CALC [46, 47]. A second (major) problem is due to the
fact that not all proteins shown to bind IgE in vitro are
clinically relevant. Just to mention an example: human
leukocyte antigen-DR-a, isolated as an IgE-binding
protein from a human cDNA library displayed on phage
surface was unable to activate basophils from blood of
atopic dermatitis patients with specific IgE against the
self-antigen [37]. The demonstration that a self-antigen
can bind serum IgE from allergic patients is, therefore,
not sufficient to claim that the proteins represent an
auto-allergen.

However, at least for the autoantigens mentioned in
Table 2, direct or indirect evidence of clinical relevance
has been reported. Direct evidence for a potential in
vivo relevance of autoallergens can be derived from
their capability to induce immediate skin test or posi-
tive atopy patch test reactions [48, 49]. Indirect evi-
dence can be derived from basophil activation tests
[50], in vitro induction of mediator release [51] or from
the ability of autoallergens to induce specific T cell pro-
liferation in sensitized individuals [52]. In any case,
even if these tests are strongly positive this does not
mean that they have direct consequences for the
patients. In fact the majority of the so far described
IgE-binding self-antigens, independent of shared
sequence homology to environmental allergens, are
intracellular proteins and are therefore normally not
accessible for antigen—antibody interactions in vivo. For
interactions with antigen-specific IgE, and thus to elicit
symptoms, intracellular proteins need to be released
from the cells. There is good evidence showing that
IgE-binding autoantigens are over-expressed in lesional
skin of atopic eczema patients [33, 53] and, under
inflammatory conditions, also released [54—56]. Second-
ary immune responses might be boosted by autoanti-
gens released under inflammatory conditions [54] or
diminished in the absence of antigen exposure [57]
explaining the correlation found between IgE autoanti-
body levels and disease activity and severity found in
patients suffering from atopic dermatitis [35]. However,
the precise role of IgE-mediated autoimmune reactions
in long-lasting chronic allergic diseases still remains to
be elucidated. In contrast there is cumulating evidence
showing that IgE-mediated autoimmune reactions could
play a decisive role in the pathogenesis of different dis-

© 2011 Blackwell Publishing Ltd, Clinical & Experimental Allergy, 1-9

eases. It is well accepted that urticaria patients can be
stratified into suffering from autoimmune- and idio-
pathic chronic urticaria [58]. The autoimmune subgroup
is associated with IgG and IgE responses raised against
the high-affinity receptor for IgE [59] and against dif-
ferent thyroid self-antigens [60-62]. The perhaps more
direct evidence that IgE-mediated autoimmune reac-
tions play a role in the pathogenesis of spontaneous
chronic urticaria, although needed to be confirmed in
larger clinical studies, derives from the observation that
Omalizuman-based anti-IgE  therapy significantly
improved the clinical status in a limited number of
patients suffering from therapy-resistant spontaneous
chronic urticaria [63]. The involvement of IgE-mediated
autoimmunity has been postulated for several other
autoimmune diseases including rheumatoid arthritis
[64], type 1 diabetes mellitus [65], coeliac disease [66],
pemphigus vulgaris [67] and bullous pemphigoid [68].
For bullous pemphigoid there is large evidence from
mouse models for a pathogenic role of IgE-mediated
autoimmune reactions in the development of skin
lesions [68-70]. These observations are strongly sup-
ported by a case report describing the successful treat-
ment of bullous pemphigoid with omalizumab [71], a
humanized monoclonal antibody that inhibits IgE bind-
ing to its high-affinity receptor [72]. Although for most
of these IgE-reactive autoantigens it has not been dem-
onstrated that the IgE reactivity contributes to the
pathology of the disease or disease severity, we can
assume that the repertoire of IgE-binding self-antigens
associated with classical autoimmune diseases is much
larger than presently assumed. The simple reason for
this assumption is that we detect IgE-binding to an
antigen only if we are looking for it and to perform
binding assays it is necessary to have the purified anti-
gen and sera of patients suffering from autoimmune
diseases.

Immunoglobulin E reactivity to modified self-antigens

IgE-mediated reactions to modified self-antigens are
poorly investigated. They can be considered as pseudo
autoimmune reactions and there is a body of evidence
suggesting that under certain circumstances they could
play an important role. A classical example thereof is
the high incidence of insulin allergy in patients treated
with swine or bovine insulin [73]. Although they differ
only in a few amino acids compared to human insulin,
they are recognized by the immune system as foreign
proteins and have been reported as allergens [74]. The
introduction of recombinant human insulin has dramat-
ically reduced the prevalence of hypersensitivity reac-
tions [75] but even if rare, allergy to recombinant
human insulin still represents a serious problem for
affected individuals [76]. Altered immunogenic proper-
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ties of insulin might result from aggregation [77, 78] or
small differences in amino acid composition between
different therapeutic preparations [79] highlighting the
plasticity of the immune system in detecting even small
changes in protein conformations. In addition, it is well
known that modification of proteins with low molecular
weight chemicals (haptens) can render them allergenic
[80-82]. Haptens are defined as small non-immuno-
genic molecules that can become sensitizing when they
become covalently bound to a protein rendering them
immunogenic [82]. The best known haptens associated
with occupational asthma are isocyanates [83]. Diisocy-
anates, widely used for the production of polyurethane-
based products are a leading cause of occupational
asthma world-wide and can induce specific IgE
responses in exposed workers [84]. They react rapidly
with functional groups like amines, hydroxyls and sul-
fhydryls present in proteins under physiological condi-
tions, generating modified proteins [85]. Human serum
albumin has been the primary protein studied as a car-
rier for diisocyanates in most immunological studies
[86, 87] and a direct demonstration that human self-
proteins, including keratins and albumin, can be modi-
fied by exposure to diisocyanates was obtained by
investigation of bronchioalveolar lavage from exposed
subjects [88]. However, other aggressive chemicals
are capable of modifying human proteins after exposure
and might result in specific IgE responses against
the self-antigens [89, 90]. According to our present
understanding haptenization of self-antigens creates
novel pseudo epitopes on the modified self-antigens
which can elicit specific IgE responses in predisposed
individuals.

Conclusions

The data so far available indicate that IgE-mediated
reactivity to self-antigens could represent an important
pathomechanism in subsets of patients suffering from

chronic long-lasting allergic diseases like atopic derma-
titis or asthma bronchiale. Still unclear is if IgE-medi-
ated reactions can be classified as genuine autoimmune
reactions or if they represent epiphenomena. In the case
of self-antigens sharing a high degree of sequence
homology/identity to environmental allergens there is
excellent evidence for the involvement of autoreactivity
in the pathogenesis of chronic forms of atopy explain-
able by molecular mimicry. The interpretation of IgE-
mediated autoimmune reactions to self-antigens with-
out sequence homology to human proteins is far more
complicated. Because the repertoire of environmental
allergens is still largely unknown, we do not know at
present if IgE-binding self-antigens are present in the
environment as homologues of orthologue allergens in
nature. The fast progress in genome sequencing
together with the fast-growing bioinformatics technol-
ogy will help to identify both additional self-antigens
with sequence homology to environmental allergens
and vice versa. More work will be required to investi-
gate the effects of allergen-specific immunotherapy
using proteins with sequence homology to self-anti-
gens. Allergen-specific immunotherapy is a powerful
therapeutic intervention able to cure allergic diseases [85,
91], but the risk of inducing autoimmune diseases
through increased IgG responses against self-antigens
with sequence homology to environmental allergens
still remains to be investigated.

Acknowledgements

Work supported by the Swiss National Science Founda-
tion grants No. 320030_127618/1 and 32NM30_
136032/1 (EuroNanoMed) and by the European Com-
munity’s Seventh Framework Program [FP7-2007-2013]
under grant agreement n° HEALTH-F2-2010-260338
‘ALLFUN’. The author is grateful to Dr C. Huitema for
critically reviewing the manuscript.

1 Hamilton RG.

2 Achatz

References

Clinical laboratory
assessment of immediate-type hyper-
sensitivity. J Allergy Clin Immunol
2010; 125(2 Suppl. 2):S284-96.

G, Achatz-Straussberger G,
Luger E, Lamers R, Crameri R. Regula-
tion of the IgE response at the molecu-
lar level: impact on the development
of systemic anti IgE therapeutic strate-
gies. Chem Immunol Allergy 2006;
91:204-17.

Hakim-Rad K, Metz M, Maurer M.
Mast cells: makers and breakers of

(Sa)

)}

allergic  inflammation. Curr Opin
Allergy Clin Immunol 2009; 9:427-
30.

Kraft S, Novak N. Fc receptors as
determinants of allergic reactions.
Trends Immunol 2006; 27:88-95.
Hampton S, Cooke R. The sensitivity of
man to human dander, with particular
reference to eczema (allergic dermati-
tis). J Allergy 1941; 13:63-76.

Valenta R, Duchéne M, Pettenburger K
et al. Identification of profilin as a
novel pollen allergen; IgE autoreactivi-
ty in sensitized individuals. Science
1991; 253:557-60.

7

@

10

Appenzeller U, Meyer C, Menz G,
Blaser K, Crameri R. IgE-mediated
reactions to autoantigens in allergic
diseases. Int Arch Allergy Immunol
1999; 118:193-6.

Aalberse RC. Structural biology of
allergens. J Allergy Clin Immunol
2000; 106:228-38.

Aalberse RC, Kleine Budde I, Stapel
SO, van Ree R. Structural aspects of
cross-reactivity and its relation to anti-
body affinity. Allergy 2001; 56(Suppl.
67):27-9.

Christensen LH, Holm J, Lund G, Riise
E, Lund K. Several distinct properties

© 2011 Blackwell Publishing Ltd, Clinical & Experimental Allergy, 1-9



IgE-binding self-antigens 7

—_
—

12

13

14

16

17

18

19

20

of the IgE repertoire determine effector
cell degranulation in response to aller-
gen challenge. J Allergy Clin Immunol
2008; 122:298-304.

Crameri R, Hemmann S, Ismail C,
Menz G, Blaser K. Disease-specific
recombinant allergens for the diagnosis
of allergic bronchopulmonary aspergil-
losis. Int Immunol 1998; 10:1211-6.
Hemmann S, Nikolaizik WH, Schoni
MH, Blaser K, Crameri R. Differential
IgE recognition of recombinant Asper-
gillus fumigatus allergens by cystic
fibrosis patients with allergic broncho-
pulmonary aspergillosis or Aspergillus
allergy. Eur J Immunol 1998; 28:
1155-60.

Crameri R, Faith A, Hemmann S et al.
Humoral and cell-mediated autoimmu-
nity in allergy to Aspergillus fumiga-
tus. J Exp Med 1996; 184:265-70.
Mayer C, Hemmann S, Faith A, Blaser
K, Crameri R. Cloning, production,
characterization and IgE cross-reactiv-
ity of different manganese superoxide
dismutases in individuals sensitized to
Aspergillus fumigatus. Int Arch Allergy
Immunol 1997; 113:213-5.

Fluckiger S, Scapozza L, Mayer C,
Blaser K, Folkers G, Crameri R. Immu-
nological and structural analysis of
IgE-mediated cross-reactivity between
manganese superoxide dismutases. Int
Arch Allergy Immunol 2002; 128:292—
303.

Schmid-Grendelmeier P, Fliickiger S,
Disch R et al. IgE-mediated and T cell-
mediated autoimmunity against man-
ganese superoxide dismutase in atopic
dermatitis. J Allergy Clin Immunol
2005; 115:1068-75.
Schmid-Grendelmeier P, Scheynius A,
Crameri R. The role of sensitization to
Malassezia  sympodialis in  atopic
eczema. Chem Immunol Allergy 2006;
91:98-109.

Mayer C, Appenzeller U, Seelbach H
et al. Humoral and cell-mediated auto-
immune reactions to human acidic
ribosomal P, protein in individuals
sensitized to Aspergillus fumigatus P,
protein. J Exp Med 1999; 189:1507—
12.

Fliickiger S, Fijten H, Whitley P, Blaser
K, Crameri R. Cyclophilins, a new fam-
ily of cross-reactive allergens. Eur J
Immunol 2002; 32:10-7.

Glaser AG, Limacher A, Fliickiger S,
Scheynius A, Scapozza L, Crameri R.
Analysis of the cross-reactivity and of

2

—

22

23

24

25

26

27

28

29

30

the 1.5 A structure of the Malassezia
sympodialis Mala s 6 allergen, a mem-
ber of the cyclophilin pan-allergen
family. Biochem J 2006; 396:41-9.
Limacher A, Glaser AG, Meier C et al.
Cross-reactivity and 1.4-A crystal
structure of Malassezia sympodialis
thioredoxin (Mala s 13), a member of a
new pan-allergen family. J Immunol
2007; 178:389-96.

Fluckiger S, Mittl PR, Scapozza L ef al.
Comparison of the crystal structures of
the human manganese superoxide
dismutase and the homologous Asper-
gillus fumigatus allergen at 2-A resolu-
tion. J Immunol 2002; 168:1267-72.
Limacher A, Kloer DP, Fliickiger S,
Folkers G, Crameri R, Scapozza L. The
crystal structure of Aspergillus fumiga-
tus cyclophilin reveals 3D domain
swapping of a central element. Struc-
ture 2006; 14:185-95.

Casagrande BF, Fliickiger S, Linder MT
et al. Sensitization to the yeast Mala-
ssezia sympodialis is specific for
extrinsic and intrinsic atopic eczema. J
Invest Dermatol 2006; 126:2414-21.
Aalberse RC, Crameri R. IgE-binding
epitopes: a reappraisal. Allergy 2011;
66:1261-74.

Vilhelmsson M, Glaser AG, Martinez
DB et al. Mutational analysis of amino
acid residues involved in IgE-binding
to Malassezia sympodialis allergen
Mala s 11. Mol Immunol 2008; 46:
294-303.

Glaser AG, Menz G, Kirsch Al, Zeller S,
Crameri R, Rhyner C. Auto- and cross-
reactivity to thioredoxin allergens in
allergic bronchopulmonary aspergillo-
sis. Allergy 2008; 63:1617-23.

Balaji H, Heratizadeh A, Wichmann K
et al. Malassezia sympodialis thiore-
doxin-specific T cells are highly cross-
reactive to human thioredoxin in ato-
pic dermatitis. J Allergy Clin Immunol
2011; 128:92-9.e4.

Weichel M, Vergossen NJ, Bonomi S
et al. Screening the allergenic reper-
toires of wheat and maize with sera
from double-blind, placebo-controlled
food challenge positive patients.
Allergy 2006; 61:128-35.,

Weichel M, Glaser AG, Ballmer-Weber
BK, Schmid-Grendelmeier P, Crameri
R. Wheat and maize thioredoxins: a
novel cross-reactive cereal allergen
family related to baker's asthma. J
Allergy Clin Immunol 2006; 117:676—
81.

© 2011 Blackwell Publishing Ltd, Clinical & Experimental Allergy, 1-9

3

—_

32

33

34

35

36

37

38

39

40

4

—

42

Zeller S, Glaser AG, Vilhelmsson M,
Rhyner C, Crameri R. Immunoglobulin-
E-mediated reactivity to self antigens:
a controversial issue. Int Arch Allergy
Clin Immunol 2008; 145:87-93.
Mittermann I, Aichberger KJ, Biinder
R, Mothes N, Renz H, Valenta R. Au-
toimmunity in atopic dermatitis. Curr
Opin  Allergy Clin Immunol 2004;
4:367-71.

Altrichter S, Kriehuber E, Moser J,
Valenta R, Kopp T, Stingl G. Serum
IgE autoantibodies target keratinocytes
in patients with atopic dermatitis. J
Invest Dermatol 2008; 128:2232-9.
Bousquet J, Anto JM, Bachert C ef al.
Factors responsible for differences
between asymptomatic subjects and
patients presenting an IgE sensitization
to allergens. A GA’LEN project. Allergy
2006; 61:671-80.

Natter S, Seiberler S, Haufnagl P ef al.
Isolation of cDNA clones coding for
IgE autoantigens with serum IgE from
atopic dermatitis patients. FASEB J
1998; 12:1559-69.

Rhyner C, Weichel M, Flickiger S,
Hemmann S, Kleber-Janke T, Crameri
R. Cloning allergens via phage display.
Methods 2004; 32:212-8.

Zeller S, Rhyner C, Meyer N, Schmid-
Grendelmeier P, Akdis CA, Crameri R.
Exploring the repertoire of IgE-binding
self-antigens associated with atopic
eczema. J Allergy Clin Immunol 2009;
124: 278-85, 285.e1-7.

Valenta R, Mittermann I, Werfel T,
Garn H, Renz H. Linking allergy to
autoimmune disease. Trends Immunol
2009; 30:109-16.

Rosen A, Casiola-Rosen L. Autoanti-
gens in systemic autoimmunity: critical
partner in pathogenesis. J Intern Med
2009; 265:625-31.

Achatz G, Oberkofler H, Lechnauer E
et al. Molecular cloning of major and
minor allergens of Alternaria alternata
and Cladosporium  herbarum. Mol
Immunol 1995; 32:213-27.

Rhyner C, Daigle I, Crameri R. Auto-
reactive IgE responses to acidic ribo-
somal P, protein in systemic lupus ery-
thematosus. Allergy 2011; 66:1127-9.
Wiithrich B, Schindler C, Leuenberger
P, Ackermann-Liebrich U. Prevalence
of atopy and pollinosis in the adult
population of Switzerland (SAPALDIA
study). Swiss study on Air Pollution
and Lung Diseases in Adults. Int Arch
Allergy Immunol 1995; 106:149-56.



8 R. Crameri

43

44

45

46

47

48

49

50

51

52

53

54

Charles N, Hardwick D, Daugas E, Illei
GG, Rivera J. Basophils and the T
helper 2 environment can promote the
development of lupus nephritis. Nat
Med 2010; 16:701-8.

Stadler BM, Stadler MB. Allergenicity
prediction by protein sequence. FASEB
J 2003; 9:1141-3.

Radauer C, Bublin M, Wagner S, Mari
A, Breiteneder H. Allergens are distrib-
uted into few protein families and pos-
sess a restricted number of biochemical
functions. J Allergy Clin Immunol
2008; 121:847-52.

Aichberger KJ, Mittermann I, Reiniger
R et al. Hom s 4, an IgE-reactive auto-
antigen belonging to a new subfamily
of calcium-binding proteins, can
induce Th cell type 1-mediated autore-
activity. J Immunol 2005; 175:1286—
94.

Wopfer N, Dissertore O, Ferreira F,
Lackner P. Calcium-binding proteins
and their role in allergic diseases.
Immunol Allergy Clin N Am 2007;
27:29-44.

Dreborg S. Skin tests in the diagnosis
of food allergy. Pediatr Allergy Immu-
nol 1995; 6(Suppl. 8):38-43.
Kerschenlohr K, Darsow U, Burgdorf
WH, Ring J, Wollenberg A. Lessons
from atopy patch testing in atopic der-
matitis. Curr Allergy Asthma Rep
2004; 4:285-9.

Ebo DG, Bridts CH, Hagendorens MM,
Aerts NE, De Clerck LS, Stevens WJ.
Basophil activation test by flow
cytometry: present and future applica-
tions in allergology. Cytometry B Clin
Cytom 2008; 74:201-10.

Knol F, Mul FP, Lie WJ, Verhoeven AJ,
Roos D. The role of basophils in aller-
gic disease. Eur Respir J 1996; 22(Sup-
pl):126s—31s.

Heratizadeh A, Mittermann I, Balaji H
et al. The role of T-cell reactivity
towards tha autoantigen a-NCA in ato-
pic dermatitis. Br J Dermatol 2011;
164:316-24.

Rhyner C, Zeller S, Johansson C,
Scheynius A, Crameri R. The IgE-bind-
ing self-antigens tubulin-o and HLA-
DR-o are overexpressed in lesional
skin of atopic eczema patients. J Clin
Cell Immunol 2011; 2:109. DOI:
10.4172/2155-9899.1000109.
Kinaciyan T, Natter S, Kraft D, Stingl
G, Valenta R. IgE autoantibodies moni-
tored in a patient with atopic dermati-
tis under cyclosporine A treatment

55

56

57

58

59

60

61

62

63

64

65

66

reflect tissue damage. J Allergy Clin
Immunol 2002; 109:717-9.

Yamada Y, Nakamura H, Adachi T
et al. Elevated serum levels of thiore-
doxin in patients with acute exacerba-
tion of asthma. Immunol Lett 2003;
86:199-205.

Bertini R, Howard OM, Dong HF et al.
Thioredoxin, a redox enzyme released
in infection and inflammation, is a
unique chemoattractant for neutroph-
ils, monocytes, and T cells. J Exp Med
1999; 189:1783-9.

Niederberger V, Ring J, Rakoski J ef al.
Antigens drive memory IgE responses
in human allergy vial the nasal
mucosa. Int Arch Allergy Immunol
2007; 142:576-84.

Kaplan AP, Greaves M. Pathogenesis of
chronic wurticaria. Clin Exp Allergy
2009; 39:777-87.

Lourenco F, Azor MH, Santos JC et al.
Activated status of basophils in
chronic urticatia leads to interlukin-3
hyper-responsiveness and enhancement
of histamine release induced by anti-
IgE stimulus. Brit J Dermatol 2008;
158:979-86.

Zauli D, Deleonardi G, Foderaro S
et al. Thiroid autoimmunity in chronic
urticaria. Allergy Asthma Proc 2001;
22:93-5.

Dreskin SC, Andrews KY. The thyroid
and urticaria. Curr Opin Allergy Clin
Immunol 2005; 5:408-12.

Altrichter S, Peter HJ, Pisarevskaja D,
Metz M, Martus P, Maurer M. IgE-
mediated autoallergy against thiroid
peroxidase — a novel pathomechanism
of chronic spontaneous urticaria? PLoS
One 2011; 6:€14794.

Groffik A, Mitzel-Kaoukhov H, Magerl
M, Maurer M, Staubach P. Omalizumab
— an effective and safe treatment of
therapy-resistant chronic spontaneous
urticaria. Allergy 2011; 66:303-5.
Schuerwegh AJ, Ioan-Facsinay A,
Dorjée AL ef al. Evidence for a
functional role of IgE anticitrullinated
protein antibodies in rheumatoid arthri-
tis. Proc Natl Acad Sci USA 2010;
107:2586-91.

Lohmann T, Hawa M, Leslie RD, Lane
R, Picard J, Londei M. Immune reactiv-
ity to glutamic acid decarbosylase 65
in stiffman syndrome and type 1
diabetes mellitus. Lancet 2000; 356:
31-5.

Schilling J, Speikerdotter U, Wohlrab
U, Wendel U, Seissler J. Immunoglobu-

67

68

69

70

71

72

73

74

75

76

77

lin isotype profile of tissue transgluta-
minase autoantibodies is correlated
with the clinical presentation of coeliac
disease. Scand J Immunol 2005;
61:207-12.

Nagel A, Lang A, Engel D et al. Clini-
cal activity of pemphigus vulgaris
relates to IgE autoantibodies against
desmoglein 3. Clin Immunol 2010;
134:320-30.

Dimson OB, Giudice GJ, Fu CL ef al.
Identification of a potential effector
function for IgE autoantibodies in the
organ-specific  autoimmune disease
bullous pemphigoid. J Invest Dermatol
2003; 120:784-8.

Zone JJ, Taylor T, Hull C, Schmidt L,
Meyer L. IgE basement membrane zone
antibodies induce eosinophil infiltra-
tion and histological blister in engraft-
ed human skin on SCID mice. J Invest
Dermatol 2007; 127:1167-74.

Fairley JA, Burnett CT, Fu CL, Larson
DL, Fleming MG, Giudice GJ. A patho-
genic role for IgE in autoimmunity:
bullous pemphigoid IgE reproduces the
early phase of lesion development in
human skin grafted to nu/nu mice. J
Invest Dermatol 2007; 127:2605-11.
Fairley JA, Baum CL, Brandt DS, Mess-
ingham KAN. Pathoginicity of IgE in
autoimmunity: successful treatment of
bullous pemphigoid with omalizumab.
J Allergy Clin Immunol 2009; 123:704
5.

Holgate ST, Djukananovic R, Casale T,
Bousquet J. Anti-immunoglobulin E
treatment with omalizumab in allergic
diseases: an update on anti-inflamma-
tory activity and clinical efficacy. Clin
Exp Allergy 2005; 35:408—16.

Arkins JA, Engbring NH, Lennon ER.
The incidence of skin reactivity to
insulin in diabetic patients. J Allergy
1962; 33:69-72.

Radermecker RP, Scheen AJ. Allergic
reactions to insulin: effects of continu-
ous subcutaneous insulin infusion and
insulin analogues. Diabetes Metab Res
Rev 2007; 23:348-55.

Patterson R, Roberts M, Grammer LC.
Insulin allergy; re-evaluation after two
decades. Ann Allergy 1990; 64:459—-62.
Henzerling L, Raile K, Rochlitz H, Zu-
berbier T, Worm M. Insulin allergy:
clinical manfestations and managment
strategies. Allergy 2008; 63:148-55.
Ratner RE, Phillips TM, Steiner M.
Persistent cutaneous insulin allergy
resulting from high-molecular-weight

© 2011 Blackwell Publishing Ltd, Clinical & Experimental Allergy, 1-9



IgE-binding self-antigens 9

78

79

80

8

—

82

83

insulin aggregates. Diabetes 1990;
39:728-33.
Brange J, Andersen L, Laursen ED,

Meyn G, Rasmussen E. Towerd under-
standing insulin fibrillation. J Pharma-
col Sci 1997; 86:517-25.

Yokoyoma H, Fukumoto S, Koyama H,
Emoto M, Kitagawa Y, Nishizawa Y.
Insulin allergy: desensitization with
crystalline zinc-insulin and steroid
tapering. Diab Res Clin Pract 2003;
61:161-6.

Blaser K, Heusser C. The IgE antibody
response to the phosphorylcholine hap-
ten. Int Rev Immunol 1987; 2:93-115.
Wetzien HU, Moulon C, Martin S, Pa-
dovan E, Hartmann U, Kohler J. T cell
immune responses to haptens. Struc-
tural models for allergic and autoim-
mune reactions. Toxicology 1996;
107:141-51.

McFadden JP, White JM, Basketter DA,
Kimber I. Does hapten exposure predis-
pose to atopic disease? The hapten-
atopy hypothesis. Trends Immunol
2009; 30:67-74.

Wisnewski AV, Redlich CA. Recent
developments in diisocyanate asthma.

84

85

86

87

88

89

Curr Opin Allergy Clin Immunol 2001;
1:169-75.

Pronk A, Preller L, Raulf-Heimsoth M
et al. Respiratory symptoms, sensitiza-
tion, and exposure-response relation-
ship in spray painters exposed to
isocyanates. Am J Respir Crit Care
Med 2007; 176:1090-7.

Ulrich H. chemistry and technology of
isocyanates. West Sussex, UK: Wiley,
1996.

Wisnewski AV, Stowe MH, Cartier A
et al. Isocyanate vapor-induced antige-
nicity of human albumin. J Allergy
Clin Immunol 2004; 113:1178-84.
Baur X. Immunologic cross-reactivity
between different albumin-bound iso-
cyanates. J Allergy Clin Immunol 1993;
71:197-2005.

Wisnewski AV, Srivastava R, Erick C
et al. Identification of human lung and
skin proteins conjugated with hexam-
ethylene diisocyanate in vitro and in
vivo. Am J Respir Crit Care med 2000;
162:2330-6.

Park JW, Kim CW, Kim KS et al. Role
of skin prick test and serological mea-
surement of specific IgE in the diagno-

© 2011 Blackwell Publishing Ltd, Clinical & Experimental Allergy, 1-9

90

9

—_

92

93

94

sis of occupational asthma resulting
from exposure to vinyl sulphone reac-
tive dyes. Occup Environ Med 2001;
58:411-6.

Helaskoski E, Kuuliala O, Aalto-Korte
K. Occupational contact urticaria
caused by cyclic acid anhydirdes. Con-
tact Derm 2009; 60:214-21.

Crameri R. Allergy vaccines: dreams
and reality. Expert Rev Vaccines 2007;
6:991-9.

Valenta R, Natter S, Seiberler S et al.
Molecular characterization of an auto-
allergen, Hom s 1, identified by serum
IgE from atopic dermatitis patients. J
Invest Dermatol 1998; 111:1178-83.
Mossabeb R, Seiberler S, Mittermann I
et al. Characterization of a novel iso-
form of o-nascent polypeptide-associ-
ated complex as IgE-defined
autoantigen. J Invest Dermatol 2002;
119:820-9.

Si K, Chaudhuri J, Chevesich J, Maitra
U. Molecular cloning and functional
expression of a human cDNA encoding
translation initiation factor 6. Proc
Natl Acad Sci USA 1997; 94:14285—
90.



