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1. ABSTRACT 

Background: Atopic diseases are IgE-mediated and bear an immunologic reaction 

towards usually innocuous environmental factors to what healthy subjects are tolerant. 

Atopic diseases can manifest and pass into chronic forms particularly atopic eczema and 

allergic asthma. The cause of the manifestation is rather ambiguous; furthermore it is 

unclear why atopy manifests in some individuals but not others, although the exposure to 

environmental allergens is similar. One hypothesis is the occurrence of autoreactive IgE 

that targets primarily tissues and cells of allergic inflammation. Due to tissue damage   

intracellular proteins are released and recognized by autoreactive IgE antibodies. 

However, if auto-IgE is cross-reactive to human self-proteins or whether it is produced by 

neo-synthesis subsequently to autosensitization is not clear so far. 

Methods: We established a high-throughput immunoassay in 384-well format to screen 

auto-IgE in serum. As target protein we used whole cell protein of keratinocytes, bronchial 

epithelial cells. We investigated adult atopic patients with different skin diseases as atopic 

eczema or asthma to figure out whether those patients have higher quantity of auto-IgE in 

serum. A small group of patients with heterogenous age having atopic eczema was 

analyzed initially, before we investigated children at the age of ten out from the GINI/LISA 

birth cohorts to reveal whether auto-IgE is generated physiologically and if auto-IgE is 

associated with atopic diseases in infancy.  

Results: We observed two different properties of auto-IgE in two periods of life. During 

childhood auto-IgE was generated physiologically and there is evidence that auto-IgE is a 

natural occurring antibody. No association of clinical manifestation of atopy and auto-IgE 

in children could be assessed. Furthermore, sensitization enhanced the quantity of auto-

IgE reactivity and there is evidence that the occurrence of auto-IgE is protective towards 

eczema. In contrast, adults having atopic eczema showed more frequent and higher auto-

IgE reactivity. In asthmatic patients auto-IgE reactivity was significantly associated with 

the control status of the disease. The less asthma was controlled the higher the auto-IgE 

reactivity. Healthy adult subjects do not show auto-IgE reactivity. 

Conclusion: The study indicates dissimilarities of autoreactive IgE between childhood and 

adulthood. Whereas auto-IgE seems to represent a natural response that is not necessarily 

associated with pathology in childhood, the occurrence of auto-IgE is disease associated in 

adults and one can assume a pathomechanistic effect in adult atopic patients. Based on 

these new aspects of auto-IgE the present study represents fairly new aspects on 

autoallergy. One can assume a pathomechanistic effect in adult atopic patients. 
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2. INTRODUCTION  

Atopic diseases are IgE-mediated and bear an immunologic reaction towards usually 

innocuous environmental substances, against what a healthy system is not reactive but 

tolerant. In atopy the immunologic reaction is an overreaction leading to typical symptoms 

of rhino conjunctivitis, asthma or atopic eczema (WÜTHRICH 1989). Particularly allergic 

asthma and atopic eczema can manifest and pass into chronic forms of atopy. The cause 

and why only a part of the atopic patients is affected of the chronic manifestation are still 

unclear. Moreover patients with severe atopic eczema or asthma are difficult or 

impossible to cure or even to treat and represent an unmet clinical need. 

Although atopic eczema and asthma are atopic diseases it is reported, that an exacerbation 

of chronic and severe forms can occur in the absence of exposure to the initiating allergen. 

These observations led already in the 1940s to consider autosensitization as a conceivable 

pathomechanism to cause severe atopic dermatitis (HAMPTON and COOKE 1941). Until 

today there is no distinct concept of a helpful therapy of the chronic and severe forms of 

atopy as asthma and atopic eczema. Moreover there is still or rather again ongoing 

discussion about the possible pathophysiology of autosensitization in atopic eczema 

(NATTER et al. 1998; VALENTA et al. 1996). To investigate and understand the role of auto-

IgE antibodies and its impact on atopic diseases particularly in atopic eczema and allergic 

asthma we established a procedure to measure auto-IgE reactivity in serum, we analyzed 

different atopic patient groups and a part of two German birth cohorts to examine its role 

in healthy and atopic children.  

The allergic immune response is an exaggerated, specific defense reaction due to the 

sensitization towards normally innocuous environmental substances leading to a 

pathogenic hypersensitivity (RING et al.). The task of the immune system is to identify 

foreign substances that penetrate into the body and its elimination. Antigen presenting 

cells (APC) recognize, process and present antigens to T helper cells that are located in the 

lymph nodes, skin and mucosal tissues with the following expression of T helper 2 

response (Th2) cytokines as Interleukin-4 (IL-4), IL-5 and IL-13. Finally, B cells are 

activated and produce immunoglobulins. Allergy is thought to be driven by a Th2-

response and the attendant cytokines rather than Th1  cytokines as IFN-γ (interferon 

gamma) (MOSMANN and COFFMAN 1989; DEL PRETE et al. 1993). A typical Th2-response 

leads to the stimulation of B cells to produce IgE which can bind on the FcεRI located 

mainly on the surface of mast cells, basophils or eosinophils. Entered allergens cross-link 

the bound IgE on the cell surface and lead to degranulation of the cells (KINET 1999). The 

degranulation bears the effector function of e.g. mast cells as soluble vasoactive mediators 
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that are preformed and stored in cytoplasmic granules and released upon cross-linking of 

IgE molecules (KINET 1999). Biogenic amines with its major agent of histamine, enzymes 

and proteoglycans (tryptase, chymase) and lipid mediators (e.g. prostaglandins) as well as 

cytokines and chemokines are released by degranulation causing the acute allergic 

reaction within few minutes (BERGER et al. 1999; FOKKENS et al. 1992; STONE et al. 2010). 

Allergic inflammation bears enhanced mucus secretion in the lung, itchiness, pain, 

bronchoconstriction, vascular permeability vasodilatation and immune cell recruitment 

(ABBAS et al.). Depending on the type of cells involved in the allergic reaction an immediate 

type, specified above and a late phase reaction are feasible. The late phase reaction is 

specified by the integration and activation of allergen-specific, cytokine producing CD4+ T 

cells accompanied by the influx of eosinophils, neutrophils and macrophages. The 

combination of immediate and late phase reaction is designated as immediate 

hypersensitivity that is termed in clinical medicine as allergy or atopy (ABBAS et al.). 

The best-known function of IgE is its ability to degranulate mast cells via the high-affinity 

receptor FcεRI and the subsequent triggering of the immediate-hypersensitivity as 

described above. Further IgE can facilitate antigen capture by B cells which act as antigen 

presenting cells than (GUSTAVSSON et al. 2000; HEYMAN et al. 1993) and the regulation of its 

receptors FcεRI and CD23 (FcεRII)(KISSELGOF and OETTGEN 1998; YAMAGUCHI et al. 1997) 

and the elimination of helminths (OBATA-NINOMIYA et al. 2013; ROSENBERG et al. 1971; 

ROSENBERG et al. 1970). 

Preceding to the account of the function of IgE some specific processes are required. IgM 

antibodies that are initially generated of B cells, due to the absence of T helper signals can 

be switched following an appropriate stimulation. B cells act as APC and present 

processed antigens in the context of MHC class II on antigen specific T helper cells 

previously activated by dendritic cells. MHC-peptide complex recognition succeeds via the 

T cell receptor (TCR) and stimulates B cell response via the induction of CD40 ligand 

(CD40L) expression on the surface of the T cell that engages the CD40 receptor on the 

surface of antigen-stimulated B cells. In response to the CD40 engagement NF-κB and AP-1 

are activated and translocate into the nucleus stimulating the proliferation of B cells and 

an increased synthesis of immunoglobulins. Simultaneously the enzyme activator-induced 

deaminase (AID) is induced, an enzyme that is crucial for isotype switching and somatic 

mutation. Consequently, in response to the CD40 engagement the process of heavy chain 

isotype switch is activated.  

Beside the mentioned activation of CD40 a second signal is required to induce the 

production of IgE which is provided by IL-4 and IL-13. The binding of IL-4 or IL-13 on B 
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cells leads to the activation of Stat6 and the initiation of germline transcription at the Cε 

locus, but only through the synergistic effect of NF-κB and Stat6 the Iε promoter can be 

activated (ABBAS et al.; GAUCHAT et al. 1990; DEL PRETE et al. 1988; SHEN and STAVNEZER 

1998). 

The variety of IgE-mediated or allergic diseases is wide-ranging, to name but a few; 

seasonal and perennial rhinitis/rhino conjunctivitis, urticaria, asthma bronchiale, contact 

eczema, atopic eczema, food allergy and finally the anaphylactic shock (RING et al.).  

To confirm the diseases as allergic, serum tests for total and specific IgE are performed, as 

most of the patients have elevated serum IgE levels, skin prick testing or patch testing are 

the standard diagnostic procedures (HANIFIN, JON M. and RAJKA, GEORG 1980). Specific 

serum IgE is first tested using a screening of a mixture of different food allergens (fx5 

(mixed allergen test); ovalbumin, milk, flour, codfish, peanut, soybean) and aeroallergens 

(sx1 (mixed allergen test); grass, rye, mugwort, birch, Cladosporium herbarum, house dust 

mite, cat, dog, mugwort) and are measured by Fluorochrome-Immuno-Assay (FIA) 

formerly analyzed by Radio-Allergo-Sorbent-Test (RAST). In the following RAST will be 

used in reference to the analysis of specific IgE. These allergen mixtures test allergens with 

the most frequent sensitization. 

There finds more specific tests to define e.g. asthma. By using spirometry as a pulmonary 

function test assay to define the Forced Expiratory Volume in one second (FEV1). Atopic 

eczema is more defined by the SCoring Atopic Dermatitis (SCORAD) as there is no defined 

diagnostic tool for the diagnosis of atopic eczema it is generally diagnosed on physical 

examination and visual inspection of the skin by a dermatologist.  

The prevalence of the three atopic disorders is divergent around the world, without a clear 

pattern for the change of prevalence over the last years. Phase I and III of the International 

Study of Asthma and Allergies in Childhood (ISAAC) was designed to achieve data for 

trends in prevalence of asthma, rhino conjunctivitis and atopic eczema over time. Most 

study centers assessed an increasing change for at least one disorder. The increase of 

prevalence occurred more frequent in the younger age groups of six to seven years old 

children than in the older age group (13- 14 years). The increase of prevalence was 

greatest for eczema in the younger group, eczema in the older age group have leveled off 

or even decreased. For asthma the decrease of prevalence was more common at locations 

with formerly high prevalence and more study centers report a decrease in asthma 

symptoms for 13-14 years old children. Anyhow the prevalence for atopic eczema in 

adolescents in affluent countries leveled off or even decreased, whereas eczema symptoms 

rose in developing countries (ASHER et al. 2006; FLOHR 2010; WILLIAMS et al. 2008). This 
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fast change of prevalence over a time period of five to ten years argues that environmental 

factors are key factors for the change of prevalence of atopic disorders. Nevertheless 

genetic factors as a cause for atopic eczema are already reported.  

Atopic eczema is a chronic or chronically relapsing inflammatory skin disease attended by 

pruritus that results in scratching, lichenification and prurigo papules (HANIFIN, JON M. and 

RAJKA, GEORG 1980; LEUNG and BIEBER 2003). Transcriptome analysis of atopic eczema 

patients revealed in several differentially expressed genes in different cell types as CD4+ T 

cells, monocytes, eosinophils and in skin lesions, as nicely reviewed from Saito (SAITO 

2005). The most established genetic mutation leading to disturbed skin barrier function 

accounting for an increased risk for eczema is the mutation of the filaggrin (FLG) gene, 

coding for a protein located in the stratum corneum (FLOHR 2010; O’REGAN et al. 2008). 

Still the FLG mutation is not the only factor leading to atopic eczema as on should consider 

that around 40 % of all carriers of null mutation of the FLG allele never show any signs of 

eczema. On the other side patients with filaggrin-mutation related eczema have more 

persistent disease and a greater risk of asthma and allergic sensitization, in addition a 

filaggrin mutation is positively associated with food allergy (FILIPIAK-PITTROFF et al. 2011; 

HENDERSON et al. 2008). Still, there are more genetic factors that account for atopic eczema 

as parental atopy is one of the greatest risk factors for children to develop atopy (VON BERG 

et al. 2012; DOLD et al. 1992). Moreover, several environmental risk factors as diet and 

nutrition (ELLWOOD et al. 2001; WEILAND et al. 1999), climate (WEILAND et al. 2004), 

infections (AABY et al. 2000; BACH 2002; FLOHR et al. 2006; MATRICARDI et al. 1997; VON 

MUTIUS et al. 2000), combustion byproducts (DIAZ-SANCHEZ et al. 1997; DIAZ-SANCHEZ et al. 

1996) or pollens (BURR et al. 2003) are proofed or discussed as risk factors. Anyhow, no 

single genetic or environmental risk factor explains the occurrence of atopy and the 

related diseases, so as to a multifactorial assortment leads to the disease.     

Allergic asthma is the second atopic disease that evolves during childhood although at a 

later time point as atopic eczema. This phenomenon of atopic progression and 

manifestation is widely established as the atopic march. All three diseases, asthma, rhinitis 

and atopic eczema are all accompanied by elevated serum IgE levels and peripheral 

eosinophilia but atopic eczema is often the initial step into the atopic march as the further 

stages are asthma and allergic rhinitis often associated with food allergy already in early 

stages of atopy (LEUNG et al. 2004; SPERGEL and PALLER 2003).   

The last years the “traditional” course of the atopic march came into discussion as Illi et al. 

discussed already in 2004 if there is an early asthmatic co-manifestation concurrent with 

atopic eczema rather than a progressive atopic march (ILLI et al. 2004). Furthermore, 
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there is an ongoing discussion whether allergic sensitization occurs secondary to an 

impaired epidermal barrier in eczematous skin. As oral tolerance is induced during 

infancy due to oral ingestion of different potentially allergenic food, the question rises 

whether the intrusion of food allergens and aeroallergens onto the inflamed skin and its 

penetration through the impaired barrier of the eczematous skin leads to allergic 

sensitization (FLOHR 2010). As atopic eczema is referred to as the cutaneous manifestation 

of a systemic disorder and occurs as an “entry point” for subsequent allergic diseases 

these would support the later hypothesis.  

Anyhow the prevalence of asthma varies in different areas of the world likewise to atopic 

eczema. The one-year prevalence varies from 1 % in Indonesia to 30 % in Great Britain 

(ASHER et al. 2006; FLOHR 2010). Asthma bronchiale is a chronic inflammatory respiratory 

disease attended by recurrent episodes of wheeze, cough and breathlessness and 

respiratory obstruction. Asthma goes along with a previous sensitization and IgE response 

to aeroallergens as e.g. grass- or birch pollen, house-dust mites, cat or dog dander and 

eosinophilic airway inflammation (DOUWES et al. 2002; GUILBERT et al. 2004; MATRICARDI et 

al. 2009; SIMPSON et al. 2006). The release of mast cell mediators in succession of IgE cross-

linking leads to mucosal edema, mucus production and smooth muscle constriction in the 

bronchial mucosa and a following inflammatory infiltration (ABBAS et al.; OETTGEN and 

GEHA 1999). Asthma is a complex and heterogeneous disease difficult to diagnose (DOUWES 

et al. 2011; FRANKLAND 1959). In 2009 the „Programm für Nationale Versorgungsleitlinien“ 

changed within their „Versorgungsleitlinie Asthma“ the classification for asthma. Before 

asthma was classified in classes of severity, due to its inappropriate surveillance on 

patients ingesting therapeutics the graduation was changed and is today compiled on the 

grade of asthma control (BUNDESÄRZTEKAMMER et al. 2009). 

As already discussed in the hygiene hypothesis in 1980s – that suggests a lack of infectious 

agents during early life (STRACHAN 1989) which would favoring a Th1 prone cell response, 

a deficiency of Th1 responses in the developing immune system is thought leading to a 

Th2 prone immune system and increases the risk of allergic sensitization (BACH 2002). A 

further aspect of atopy is the gut microbiome (ABRAHAMSSON et al. 2012; BISGAARD et al. 

2011; SJÖGREN et al. 2009) and Tregs seem to play a crucial role in the process of allergic 

sensitization (AKDIS et al. 2004; CARAMALHO et al. 2003; GRINDEBACKE et al. 2004).  

In addition to the hygienic hypothesis and the non-encountering of molds, bacteria and 

viruses during early infancy several more factors are associated with allergic sensitization 

and manifestation and to be positively associated with atopy. The highest risk is parental 

atopy, the family history for allergy doubles the risk for atopic eczema (VON BERG et al. 
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2012). As mentioned above the mutation of certain candidate genes still have to become 

characterized, but some seem to be relevant for the development of atopic diseases 

(FILIPIAK-PITTROFF et al. 2011; HENDERSON et al. 2008; O’REGAN et al. 2008; RAJE et al. 2014; 

SHARMA et al. 2015; WHEATLEY et al. 2002). Further, breast feeding or hydrolyzed formula 

nutrition for infancies is discussed to be preventive against allergic sensitization (VON 

BERG et al. 2003; GDALEVICH et al. 2001). Environmental factors as traffic-related air-

pollution but even indoor and outdoor air pollution e.g. fine particles, ozone are reported 

to be associated with atopy (JUNG et al. 2012; KÜNZLI et al. 2008; SILVERMAN and ITO 2010; 

SPIRA-COHEN et al. 2011).  

Although some risk factors are known and confirmed but it remains still unclear why 

atopy develops and chronifies in some individuals but not others, despite similar exposure 

to allergen (WHEATLEY et al. 2002). For chronic airway inflammation in the case of 

perennial allergen sensitization and exposure it has been postulated that chronic 

symptoms result from the late-phase inflammatory response, which occurs many hours 

after the acute reaction dependent on eosinophils (OETTGEN and GEHA 1999). 

The chronic forms of atopic diseases are in fact accompanied with a mixed type of Th1 and 

Th2 immune response. IFN-γ expressing cells, hence a Th1 response in skin lesions of 

atopic eczema patients was already shown in 1994 (GREWE et al. 1994; HAMID et al. 1994). 

Consequently atopic eczema is not a distinctive disease of an IgE-mediated immediate-

type hypersensitivity response. Moreover it was reported that acute atopic eczema is 

associated with increased numbers of infiltrating CD4+ T cells compared with normal skin, 

suggesting a specialized form of delayed type hypersensitivity (HAMID et al. 1994; LEUNG et 

al. 1983; WILLEMZE et al. 1983). Acute atopic eczema is genetically different in its 

expression pattern of interleukins and cytokines as skin from acute atopic eczema 

contains no significant amount of mRNA of IFN-γ and IL-12. In contrast skin lesions from 

chronic atopic dermatitis shows lower amount of mRNA of IL-4 and IL-13 but increased 

numbers of cells expressing mRNA of IL-5, GMCSF, IL-12 and IFN-γ. Activated T cells 

induce apoptosis of keratinocytes contributing to the spongiosis seen in acute atopic 

eczema – mediated by IFN-γ derived from T cells which upregulates Fas on keratinocytes 

by Fas-ligand on T cells (LEUNG and BIEBER 2003). Anyway, new therapeutic strategies 

including the human monoclonal antibody targeting the IL-4 receptor α lead to rapid 

improvement of atopic eczema disease activity (BECK et al. 2014; HAMILTON et al. 2014). 

 In contrast to atopy, autoimmunity is mainly Th1 driven (FOULIS et al. 1991; KALLMANN et 

al. 1997; VAN DER VEEN et al. 1993; VOSKUHL et al. 1993). For this reason it was established 

for long that allergy and autoimmunity are mutually exclusive as the immune response is a 
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Th1 and Th2 polarized response and the acting cytokines are opposing. The main 

difference between allergy and autoimmunity is the seasonal restricted occurrence of 

allergic symptoms dependent on the allergen exposure and the generally chronically 

manifested, often relapsing disease of autoimmunity because the impossibility to be 

cleared by the immune system. However, a given percentage of atopic patients develop a 

chronic manifestation of the disease even during absence of the initiating, exogenous 

allergen which is more disclosed to the disease pattern of autoimmunity. Due to this 

phenomenon the verification of autoreactive IgE antibodies was provoked already in the 

beginning of the 20th century. In 1921 Whitfield reported eczema as a manifestation of 

autosensitivity, as his patients were sensitized towards their own skin (WHITFIELD 1921). 

Van Leeuwen et al. demonstrated (auto-) sensitivity against human skin dander in atopic 

patients (LEEUWEN 1926; LEEUWEN et al. 1922). Furthermore this was confirmed in several 

other reports (HAMPTON and COOKE 1941; KELLER and MARCHIONINI 1926; SIMON 1945). Not 

before the 1990´s Valenta et al. refreshed the issue of autoallergy via the isolation of 

cDNAs coding IgE-binding proteins or autoallergens respectively and the subsequent 

cloning and identification of autoantigens (NATTER et al. 1998; VALENTA et al. 2000; 

VALENTA et al. 1998). Henceforth, the concept that autosensitization, referred to as 

autoallergy, could play a pathomechanistic role in atopic eczema was reawakened. The 

discovery that environmental proteins share structural and immunologic similarities with 

human proteins scooped this hypothesis ahead. Some proteins found with homology; 

plant profilins, manganese superoxide dismutase (MnSOD) (mold-derived) and dog serum 

albumin (CRAMERI et al. 1996; SPITZAUER et al. 1994; VALENTA et al. 2000; VALENTA et al. 

1998). Later on in 1996 autoreactive IgE antibodies in sera from atopic eczema patients 

were verified (VALENTA et al. 1996). Over the intervening years several potential 

autoallergens were identified, few are selected in Table 1.  
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Table 1: List of identified autoallergens,gene names and – if applicable the homologous antigen 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Autoallergens have been assured in a variety of human cell and tissue types (APPENZELLER 

et al. 1999; NATTER et al. 1998; SEIBERLER et al. 1999). Still, whether autosensitization and 

the succeeding recognition of human self-proteins by autoreactive IgE has actually an 

impact on the pathomechanism, the aggravation and the chronic manifestation of atopic 

eczema or other IgE-mediated or atopic diseases is not elucidated to date. A further 

possibility is the existence of auto-IgE as an epiphenomenon.  

The proposed mechanism of autoallergy is shown in Figure 1. An initial allergic 

sensitization and the second contact to the exogenous allergen is supposed to occur and 

leading to allergic inflammation. Allergic inflammation is triggered including the 

degranulation of mast cells with the following symptoms and criterion of atopy, mucus 

secretion, itch, bronchoconstriction, vasodilatation and increased vascular permeability 

and the recruitment of immune cells leading to a tissue damage (ABBAS et al.). In cases of 

atopic eczema pruritus is triggered amongst others through the secretion of IL-31 by Th2 

cells. Pruritus provokes itchy skin and scratching and a subsequent barrier break through 

mechanical destruction further supported by microbes (e.g. Staph. aureus) and physical or 

Autoallergen Genes 
Homologous 
antigen 

Function Reference 

Hom s 1 (tri-
snRNP associated 
protein) 

SART-1  poly(A)-RNA-binding 

(VALENTA et al. 1998; 
WHEATLEY et al. 
2002; ZELLER et al. 
2008) 

Hom s 2 
 

a-NAC 
 

 
DNA-binding, Transcription 
coactivator activity 

(MITTERMANN et al. 
2007; MOSSABEB et 
al. 2002; NATTER et 
al. 1998; ZELLER et 
al. 2008) 

Hom s 3 
 

BCL7B  Oncogene, actin binding 
(NATTER et al. 1998; 
ZELLER et al. 2008) 

Hom s 4 (Ca2+-
uptake protein 1, 
mitochondrial) 
 

MICU1 
Cyp c1 
Phl p7 

Ca²+-binding, protein    
hetero-dimerization activity 

(AICHBERGER et al. 
2005; GLASER et al. 
2008; ZELLER et al. 
2008) 

Hom s 5 (Keratin 
type II) 
 

KRT6A  
Structural constituent of 
cytoskeleton 

(NATTER et al. 1998; 
ZELLER et al. 2008) 

ribosomal protein 
P2  
 

RPLP2 
 

Asp f8 
RNA binding, role on 
elongation step in protein 
synthesis 

(MAYER et al. 1999; 
ZELLER et al. 2008) 

MnSOD 
 

SOD2 
Asp f6 
Mala s11 
Hev b10 

Catalytic activity 
2 superoxide+2 H+ = O2+H2O2 

(CRAMERI et al. 1996; 
ZELLER et al. 2008) 
 

Profilin PFN1/PFN2 Bet v2 Actin binding 
( VALENTA et al. 
1991; ZELLER et al. 
2008) 

Thioredoxin TXRD 

Mala s13 
Tri a 25 
Zea m25 
ZmTRXh2 

Thioredoxin + NADP+ = 
Thioredoxin-disulfide + 
NADPH 

(GLASER et al. 2008; 
LIMACHER et al. 
2007;ZELLER et al. 
2008) 
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chemical factors. Hence, the first release of intracellular and membrane self-proteins 

occur. Allergic inflammation causes tissue damage and the release of self-proteins and a 

conceivable initial autosensitization simultaneously. The chronic manifestation of atopic 

eczema for example is accompanied by the participation of Th1 cells perpetuating chronic 

inflammation via the release of inflammatory cytokines as IFN-γ and TNF-α and 

subsequent continuing tissue damage. In chronic atopic eczema lesions increased numbers 

of eosinophils, due to increased expression of IL-5, were reported leading, due to their 

granule mediators to tissue damage as well. The multifactorial triggered barrier break and 

tissue damage leads to the release of autoantigens and a subsequent autosensitization and 

the reaction with the present IgE. Moreover, inflamed and activated epithelium releases 

the cytokine thymic stromal lymphopoietin (TSLP) and local dendritic cells (DC), namely 

Langerhans cells, subjected to TSLP will induce further Th2 response and the generation 

of autoreactive IgE antibodies, those will bind on DC and amplify the inflammatory 

immune response  (AURIEMMA et al. 2013; HAMID et al. 1994; TANG et al. 2012; VALENTA et 

al. 2009). Further, in healthy subjects Th2 sensitization in the skin is inhibited by 

regulatory T cells (Treg), however in atopic patients a lack of Treg or the loss of their 

immunosuppressive function results in the allergic reaction (LESIAK et al. 2012; OU et al. 

2004).  Actually this fact was left aside in the figure illustrating the proposed mechanism 

on autoallergy. To sum up, several factors that perpetuate tissue damage and barrier 

break (exogenous factors, enhanced quantity of eosinophils, inflammatory cytokines) 

leading to the continuous release of autoantigens that are not eliminable and perpetual 

present leading to the maintenance of the vicious circle of (auto-)inflammation Figure 1. 

The mechanisms which cause autosensitization are not understood but it is supposed that 

IgE-autoreactivity can be driven by two possible mechanisms; the first mechanism is the 

new synthesized IgE that is specific to autoallergens bearing autoreactivity, the second 

mechanism favors IgE cross-reactivity. For the latter the reactive auto-IgE originates from 

the one that is specific to exogenous allergens and bears cross-reactivity due to structural 

similar epitopes of self-proteins. Moreover, the combination out of cross-reactivity and 

neo-synthesized IgE represent a further possibility.  

Cross-reactivity of human self-proteins and environmental allergens were already 

mentioned above and account for several publications in which structural similarities 

between those were investigated (GIEHL et al. 1994; VALENTA et al. 1991).  

In addition, the involvement of autoreactive T cells in atopic eczema is already described. 

Mossabeb et al. isolated peripheral mononuclear blood cells (PBMC) from patients with 

atopic eczema and stimulated the cells with Hom s2 (α-NAC) and induced 
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lymphoproliferative response in a Hom s2 reactive patient (MOSSABEB et al. 2002). 

Mittermann et al. measured the cytokine response of the α-NAC stimulated PBMC and 

indicated high amounts of IFN-γ that in succession lead to impairment of keratinocytes 

and therefore to further barrier disruption of the skin (MITTERMANN et al. 2007). Activated 

Tcells induce apoptosis of keratinocytes contributing to the spongiosis seen in acute atopic 

eczema – mediated by IFN-γ derived from Tcells which upregulates Fas on keratinocytes 

by Fas-ligand on Tcells (LEUNG and BIEBER 2003). One further investigation specified the 

proliferation to skin homing T cells in vitro in PBMCs derived from atopic eczema patients 

(HERATIZADEH et al. 2011; HRADETZKY et al. 2014; MITTERMANN et al. 2007).  Schmid-

Grendelmeier et al. demonstrated PBMC proliferation likewise after stimulation with 

allergens that were tested as IgE-reactive in the patients before e.g. MnSOD (SCHMID-

GRENDELMEIER et al. 2005). These results indicate the involvement of auto-reactive, α-NAC 

and MnSOD specific T cells respectively.  

Although several studies give evidence of the pathomechanistic impact of autoreactive IgE 

antibodies on the aggravation and manifestation of chronic atopic diseases and the 

accompanied tissue inflammation the chance to run riot as auto-IgE is merely an 

epiphenomenon it is still not deprecated. 
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Figure 1: . The proposed mechanism of autoallergy. 
 To date it is still unclear how and why allergic diseases manifest into chronic forms as atopic eczema or 
asthma. The proposed mechanism of autoallergy is based on an initial allergic sensitization and the following 
degranulation of mast cells (eosinophils/basophils) in a second contact to the exogenous allergen (green 
circles). This process drives an allergic inflammation (middle red box) open out into including itch, 
vasodilatation and immune cell recruitment with a subsequent tissue damage. Further a Th2 response is 
initiated and IL-31 is secreted that triggers pruritus provoking itchy skin and scratching. This mechanical 
disruption plus further exogenous factors as e.g. Staphylococcus aureus or physical or chemical compounds 
leading to a boost of barrier break and tissue damage and the first release of autoallergens or self-proteins 
(yellow circles) respectively. Due to the release of autoantigens the immune system is auto-sensitized and a 
boost of inflammation is executed by cross-reactivity of auto-IgE or even autoallergen specific IgE (lowermost 
yellow box) that is newly synthesized by plasma cells. Ongoing reaction leads to activation of Th1 cells and the 
secretion of pro-inflammatory cytokines as TNFα and IFNγ causing chronic inflammation. In addition already 
initialy inflamed and activated epithelial cells release TSLP and activate dendritic cells (Langerhans cells) that 
are located in the skin that lead in turn to inflammation. As IL-5 is increased in chronic atopic eczema here the 
activation and survival of eosinophils is enhanced and granule mediators leading to a further tissue damage 
and an ever and anon release of autoantigens into the interstitium and to the maintenance of the vicious circle 
of autoallergy and inflammation. (AURIEMMA et al. 2013; HAMID et al. 1994; TANG et al. 2012; VALENTA et al. 
2009) 
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3. MATERIALS AND METHODS 

3.1 HUMAN CLINICAL STUDIES 

3.1.1 RETROSPECTIVE ANALYSIS OF AUTO-IGE IN SERUM 

 For the establishing and for the first results of auto-IgE reactivity we quantified sera from 

the Department of Dermatology and Allergy Biederstein. Subsequently we utilized 

different study-cohorts retrospectively, which lead to the results that are described within 

this thesis. 

 

3.1.1.1 STUDY POPULATION OF ATOPIC ECZEMA PATIENTS FROM THE DERMATOLOGY AT THE 

BIEDERSTEIN 

We obtained sera that were collected at the Department of Dermatology and Allergy 

Biederstein. We used n = 105 sera to analyze auto-IgE reactivity retrospectively in this 

study. All study-participants suffered from atopic eczema. We retrieved data as age, sex, 

body height and weight, SCORAD, total IgE and data about the actual therapy from each of 

the patient.  Furthermore, we tried to retrieve more medical data for of the patient, 

however as the medical records were not complete some of the analysis could not be done. 

Table 2 shows the study population characteristic. 

 

Table 2: Study population characteristic of patients with atopic eczema  
screened for autoreactive IgE retrospectively. 

Screened patient group  n  105  

                sex (male/female)  n (%)  50 (47.6)/55(52.4)  

                   age  mean (sd)  21.9 (20.3)  

                   BMI mean (sd)  20.34 (4.9) 

                   total IgE [kU/L] mean (sd)  2135(6056) 

                   SCORAD   mean (sd)  33.7(16.0) 

 AE-profile              

      Intrinsic AE/ extrinsic AE n (%) 51(48.6)/54(51.4)  

 

3.1.1.2 AUTO-IGE ANALYSIS IN A BIRTH COHORT COMBINED FROM GINI AND LISA BIRTH COHORTS 

To investigate auto-IgE reactivity and have a possibility to use these as a longitudinal 

study we combined two ongoing german birth cohorts. The German Infant Nutritional 

Intervention study (GINI) and the LISA (Influence of Life-style related factors on the 

development of the immune system and allergies in childhood study) cohort, as 

prospective birth cohort studies. Aim of the GINI birth cohort is to investigate the 
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influence of nutritional intervention during infancy as well as air pollution and genetics on 

allergy development (KOHLBOECK et al. 2012). Between September 1995 and June 1998 a 

total of 5.991 healthy full-term newborns were recruited in two different regions of 

Germany; Munich as an urban area and Wesel as a rural area. 3.317 children particitpated 

in the 10-year follow-up (KOHLBOECK et al. 2012). We used the 10-year follow up sera for 

auto-IgE analysis. Furthermore we combined our samples from the GINI-study with serum 

samples of 10-year old children participating the LISA-study a prospective population-

based birth cohort study that recruited newborns between 1997 and 1999 in four 

locations in Germans (Munich, Leipzig, Wesel and Bad Honnef) (SCHMITT et al. 2011) 

 

3.1.1.3 ASTHMATIC PATIENTS FROM THE MEDIZINISCHE KLINIK DES    UNIVERSITÄTSKLINIKUMS 

MAINZ 

Another aim was to investigate asthmatic patients as a second group of patients with a 

different atopic disease as asthma. By courtesy of Prof. Buhl from the Medizinische Klinik 

from the Clinic from the Universitätsklinikum in Mainz, Germany, we obtained 80 sera of 

asthmatic patients. 55 of them had allergic asthma and 25 patients non-allergic asthma. 

The patients were well characterized with data about sex, allergy (yes/no), therapy, FEV1, 

body-height, body weight, total IgE, smoker (yes/no), asthma control status and grade of 

asthma severity. We analyzed the sera using the high-throughput immunoassay for their 

auto-IgE reactivity and a subsequent statistical analysis to investigate the above 

mentioned factors and its association with auto-IgE reactivity. 

3.1.2 PROSPECTIVE CLINICAL STUDY WITH PATIENTS FROM THE BIEDERSTEINER DERMATOLOGY 

(BIA-STUDY) 

Retrospective studies as the utilized study cohort of atopic eczema patients and the 

asthmatic patient study group and as well the combined birth cohorts GINI/LISA are 

restricted, due to absent information in the medical records or impurity about the 

diagnosis for atopic eczema or allergic asthma. A retrospective study is always performed 

for a study specific set of questions, analyses and hypothesis – to use those studies to find 

a response to answer further hypothesis can be complex and is often biased. Therefore our 

aim was to design a prospective study with patients from the Biedersteiner Dermatology.  

Our hypothesis was that adult atopic eczema patients have higher auto-IgE reactivity in 

serum. A further aim was to test those patients during active and relapsing disease for 

their auto-IgE reactivity in serum, their auto-reactivity in skin prick-to-prick test with 

autologous skin suspension and the activatability of basophils after incubation with 
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autologous skin suspension as self-allergen. In addition we aimed to analyze auto-IgE 

reactivity in other IgE-mediated diseases and different skin diseases. 

We started to recruit patients in summer 2012. We included atopic eczema patients that 

came into the clinic for the first time of diagnosis and without any kind of former 

therapies.  

Furthermore we recruited different skin diseases as Psoriasis, bullous Pemphigoid, 

Dermatomyositis, Cutaneous Lupus Erythematosus, Systemic Lupus Erythematosus, 

Pemphigus vulgaris, Urticaria and healthy controls. 

Due to the restrictive inclusion of first diagnosis and no former therapy we could not 

recruit as many patients as we planned and the study is still ongoing. 

We characterized the patients beside their auto-IgE reactivity, for SCORAD, complete 

blood count, RAST (fx5, sx1), total IgE, SFAR-score (Score For Allergic Rhinitis) (OLOGE et 

al. 2013), RAD-score (Respiratory rate; Accessory muscle use; Decreased breath 

sounds)(ARNOLD et al. 2011), Desmoglein antibodies, anti-DNA antibodies and ANAs. 

Further we obtained a very detailed questionnaire of each of the patient. We obtained 

information about body height, body weight, age, allergen exposition (e.g. pet owning), 

family history of atopy, skin diversification, infectious diseases and vaccination, 

gastrointestinal disorders or pain, autoimmune diseases,  thyroid gland disorders,   

lifestyle habits and medication/therapy.  

 

3.1.2.1 SKIN PRICK TESTING 

Patients that were positive tested for auto-IgE reactivity in serum were recruited again to 

conduct a prick-to-prick test. Therefore we took a biopsy of a small skin area from the 

patient and mashed the sample with a sonicator directly in ice cold PBS on ice until we 

reached a homogeneous skin suspension. We took biopsies of healthy skin containing the 

dermis and epidermis, in that the keratinocytes reside. If fat tissue was taken with the 

biopsy it was removed completely before mashing the sample. The homogeneous 

suspension of the skin biopsy was pricked into the upper layer of healthy skin areas in the 

forearm and was incubated 20 min. Histamine was used as a positive control and all 

patients reacted adequately. As a negative control we used NaCl and none of the patients 

showed a reaction against NaCl. A prick test gives evidences about a Type-I-

hypersensitivity, which is IgE-mediated by doing a prick-to-prick test with autologous skin 

proteins we determined a possible allergic reaction towards self-proteins. 
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3.1.2.2 BASOPHIL ACTIVATION TEST 

As a second method to test the type-I-hypersensitivity we conducted the basophil-

granulocyte activation test (BAT). The reaction is alike the skin-prick test but independent 

from the intake of antihistamine.  In addition the assay catches the biological active IgE 

bound on the cell membrane of basophils. A serologic determination includes the 

detached, biological non-active IgE only. Adding a potential allergen to basophils leads to 

cross-linking of IgE-molecules bound on the cell surface, leading to degranulation of the 

cell which is characterized by up regulation of CD63 which is analyzed in the BAT. 

We used the Flow Cast® Kit (Bühlmann, Switzerland) for the measuring of BAT. Instead of 

available allergens we used the homologous allogenic HaCaT-protein suspension that was 

also used for the immunoassay. 

As there is no recommendation for the concentration of proteins others than the 

purchased ones we titrated the potential allergen as described in the results (4.5.4.). 

The procedure of the BAT was done as the manufacturer´s instruction pretend to conduct 

the assay. In brief, we thawed the allogenic proteins shortly before use and diluted the 

proteins in supplied stimulation buffer to final concentrations of 5 µg/ml, 2.5 µg/ml, 1.25 

µg/ml, 625 ng/ml and 312.5 ng/ml. We retrieved EDTA blood from the patients and 

processed it as soon as possible. The following samples and controls were prepared as the 

following: 

       

PB - Patient basis or negative control (50 µl stimulation buffer) 

PC1a – stimulation control 1a containing anti-FcεRI (50µl of stimulation control anti-

FcεRI) 

PC1b – stimulation control 1b containing anti-FcεRI and RIPA-buffer 1:560 

PC2 – stimulation control 2 containing fMLP (50 µl of fMLP) 

A1 –A5 allergen titration (50 µl of the diluted allergen) 

 

Afterwards 100 µl of stimulation buffer into each sample was added and 50 µl of the whole 

blood EDTA sample and mixed gently. 

20 µl of staining-reagent – mix of anti-CD63 (FITC) and anti-CCR3 (PE) was added to each 

sample and mixed gently before incubation for 15 min at 37°C in a water bath. In a second 

step cells are lysed, therefor 2 ml of lysing reagent were added and incubated for 5 -10 

min at 18 -28°C. The samples were centrifuged for 5 min at 500 x g and the supernatant 

was decanted and the pellet using 300 µl washing buffer resuspended, carefully vortexed 

and measured using a flow cytometer (488 nm Argon-laser). 
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To analyze the samples we gated first the CCR3pos cells including the entire basophil 

population. A second step is the gating and calculation of the amount of CD63 positive cells 

defining the activated basophil population. 

The negative control (patient basis) defines the background of activated basophils and is 

commonly below 5 %. The first stimulation control anti-FcεRI mimics the cross-link of two 

IgEs bound on the cell surface caused by allergen binding. The fMLP (formyl-methionyl-

leucyl-phenylalanin, unspecific cell activator) is a tripeptide and causes basophil activation 

on a non-immunologic way. At least one of the samples has to show an activation level of 

more than ten percent. 
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3.1.3 CELL CULTURE/ CELL BIOLOGICAL METHODS 

To analyze the auto-IgE reactivity towards different cell-/tissue types whole cell protein 

was extracted from various cell types itemized in 5.1.1. and [Table 3]. 

3.1.4 CELL LINES AND PRIMARY CELLS 

As a surrogate for human epithelium various primary epithelial cells or epithelial cell lines 

obtained from human bronchia, keratinocytes and the small intestine were cultivated for 

whole protein extraction to use as target protein in the auto-IgE Immunoassay. 

Furthermore we obtained peripheral mononuclear blood cells (PBMC) to test auto-IgE 

specificity and reactivity towards non-epithelial proteins. In order to test IgE auto-

reactivity towards skin proteins the HaCaT (Human adult low Calcium high Temperature) 

cell line as well as primary keratinocytes (pKc) from patients with atopic eczema (pKc-AE) 

and healthy subjects (pKc-non-AE) were used. To test the reactivity towards lung 

epithelium primary normal bronchial/tracheal epithelial cells (NHBE) were used as well 

as human fetal epithelial primary cells from the small intestine (FHs74 int). All cells were 

selected as non-tumorigenic, non-malignant cells [Table 3]. 

 

Table 3: Cells utilized as a surrogate for different human epithelial 

 to test IgE-autoreactivity in an immunoassay. 
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3.1.5 CELL CULTIVATION AND PASSAGING 

All cells were cultivated in standard cell culture flasks each in specific medium [Table 4] at 

37°C, 5 % CO2 in a humidified incubator. Medium was changed every 2 - 4 days depending 

on cell type, growth and condition of the cell. Cell splitting was conducted when a 

confluence of 70 – 80 % was reached. After washing the cell monolayer with PBS, the 

appropriate amount of TrypLETM was added to disperse cells. After 5 – 12 min, depending 

on the cell type, the reaction was stopped by adding 10 % FCS in PBS to the cells. Cells 

were washed by centrifugation at 301 x g, 22°C for 8 min. The supernatant was 

discharged, the pellet resuspended and fresh medium was added immediately to the cells. 

According to the split ratio (1:2 to 1:50, depending on the cell type) [Table 4] the required 

amount of cells were transferred into a cell culture flask.  

 

Table 4: Respective media to cultivate named primary cells and cell lines. 
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3.1.6 ISOLATION OF PERIPHERAL MONONUCLEAR BLOOD CELLS (PBMC) 

Whole blood was drawn from peripheral vein with heparinized syringe and mixed 1:2 

with PBS buffer. 10 ml of Ficoll were filled in 50 ml tubes and slowly covered with the 

diluted blood and centrifuged at 400 x g for 25 min at 21°C without using centrifuge brake. 

After removing the upper layer of plasma, the interphase of PBMC was aspirated and 

washed twice in PBS/EDTA [5mM] centrifuged at 301 x g at 21°C for 10 min. 

3.1.7 FREEZING AND THAWING CELLS 

To save a cell stock by freezing in liquid nitrogen, cells were grown and detached as 

described in 5.1.2. Cells were resuspended in ice-cold cell-transition medium consisting of 

10 % DMSO, 10 % Cell-specific culture medium and 80 % FCS and cell count is determined 

and finally  adjusted to the desired cell count of 1.5 to 3.5 x 106 cells/ ml depending on cell 

number and type. To adapt cells to lower temperature slowly we kept cells for about 10 

min on ice before they were first transferred into – 40°C storage overnight and to – 80°C 

on the following day overnight again. Finally cells are stored at – 196°C in liquid nitrogen. 

To thaw cells they were transferred from – 196°C directly into tepid water bath and 

thawed shortly prior the volume is defrosted. To devoid any risk of toxicity of DMSO, cells 

were immediately diluted in a culture flask with preheated cell-specific culture medium 

and incubated as described above. 

3.1.8 IFN- STIMULATION OF CELLS 

To mimic in vivo conditions in time of inflammation as e.g. in skin of atopic eczema we 

stimulated cells with Interferon gamma (IFN-γ) (GREWE et al. 1994). To investigate the 

most suitable confluence of cells, stimulation time and concentration of IFN-γ we 

performed test series for all conditions and combinations of those three parameters for 

each cell type as shown in Table 5. Since we could not stimulate FHs74 int cells using IFN-γ 

we tested further conditions using LPS (concentration LPS). To evaluate comparative 

conditions we tested NHBE and HaCaT cells additionally. 

Table 5: All tested conditions to ascertain the best stimulation  
of each cell named in table 2 by IFN-γ and LPS 

Tested Parameter Tested conditions 

Cell confluence  10%, 20%, 30%, 50%, 60%, 

 70%, 80%, 90%, 100%, >100% 

Time of stimulation 3h, 6h, 12h, 24h, 48h, 72h 

IFN-γ concentration  10 µg/ml,  20µg/ml 

LPS concentration  3 ng/ml, 5 ng/ml, 10 ng/ml 

Cell types tested NHBE, HaCaT, FHs74 int 
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3.2 PROTEIN BIOCHEMISTRY METHODS 

To assume identical initial conditions for every screen and each plate of the auto-IgE 

screen we generated a large scale of the required protein extracts. Consequently, each 

assay was performed with the same lot of the generated protein pool. Therefore the 

comparability of all assays is given. Each screen was run with two plates of HaCaT derived 

proteins and two plates of NHBE derived proteins and consisted of four plates. The coating 

of four to six plates, which is the number of plates that were screened in one week, of each 

protein (HaCaT and NHBE) was done on a given day to avoid as much deviation as 

possible on the first step of the assay.  

3.2.1 WHOLE CELL PROTEIN EXTRACTION AND DENATURATION 

The optimal condition to extract proteins from cells is a confluence of about 70 – 80 %. 

Cells grown to this optimum were rinsed twice with ice-cold PBS before adding the 

appropriate amount of RIPA-Buffer [Table 6] that was dependent on the size of the cell 

culture flask (0.5, 1.0 or 1.5 ml). The cells were scraped with a cell-scraper to exert sheer-

stress on the cells in beside the mechanical separation. The cell suspension was pipette up 

and down 5-10 times to form a homogenous lysate and put into a 1.5 ml centrifuge tube. 

The next 2 min we incubated the sample on ice. Followed of 2 cycles of a 1 min sonification 

and resting 5 min on ice. The centrifugation step was 21.100 x g for 25 – 30 min at 4°C. 

The supernatant was aliquoted without the pelleted debris and immediately frozen at -

80°C. One aliquot was taken for protein determination. All performed steps were done on 

ice. Furthermore one aliquot of the supernatant of the cultured cells was taken to perform 

an ELISA of e.g. IP10 to assure the stimulation of the cells. 
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Table 6: Composition of the RIPA-buffer used for protein extraction. 

 

 

3.2.2  PROTEIN DETERMINATION BY BCA-ASSAY 

The BCA-Assay was performed according to the manufacturer´s protocol and is given 

shortly. Bovine serum albumin (BSA) is used as a standard and was diluted from 2000 µg/ 

ml to 15 µg/ml in Reagent A supplied by the manufacturer. Samples were diluted 1:2, 1:5 

and 1:10 in Reagent A. 25 µl of each standard (that was done in duplicate) and each 

sample, run in duplicate or triplicate was added into a 96-well plate and 200 µl of 

“working reagent”, supplied from the manufacturer was applied. After shaking the plate 

for 30 seconds it was incubated for 30 min at 37°C. Before measuring the plate was cooled 

down to room temperature and finally measured at 562 nm. 

3.2.3  PROTEIN DENATURATION  

To have the same conditions in Western blot analysis and the immunoassay we decided to 

denature the proteins for both assays. In addition we performed assays with native 

proteins to investigate if there is a different reactivity pattern. However, this is no subject 

of this thesis and therefore not described as a method or as an obtained result. To 

denature the proteins the samples were boiled for 10 minutes at 96°C in a thermomixer 

(Eppendorf, Germany).  

 

 

 

RIPA Buffer  

Substance Final concentration/volume 

0.5 M Tris, pH 7.2 50 mM 

1.5 M NaCl 150 mM 

Nonidet (NP40) 1 % (v/v) 

Na-Deoxycholat [10 %] 0.5  % (v/v) 

SDS [10 %] 0.05  % (v/v) 

Dithiotreitol (DTT) 1mM 

Protease inhibitor (Thermo fisher) 10 µl according to manufacturer´s protocol 

EDTA (Thermo fisher) 10 µl according to manufacturer´s protocol 

ddH2O  

Adjust to pH 7.0 with 1 M HCl 
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3.2.4  SDS-GEL ELECTROPHORESIS/ PROTEIN SEPARATION AND COOMASSIE GEL STAINING  

For gel electrophoresis of proteins we used SDS (sodium-dodecyl sulfate) gels. We poured 

three different gels, the base gel was just to seal the glassware and the second gel was the 

separation gel to separate proteins due to their size and a stacking gel to collect the 

proteins before separation. The compositions of the single gels are listed in  

Table 7. All components were poured together, besides TEMED (N,N,N’,N’-

Tetramethylethyldiamin) and APS (Ammonium persulfate), both components were added 

immediately before pouring the gel to avoid an early polarization. First the bottom gel was 

poured into a tray that stabilizes the glass plates. To have a standardized gel thickness we 

put a spacer in between the two glass plates, the gel thickness was 1mm. The separation 

gel was poured next; to evade bubbles on the gel surface we added a modicum of 

isopropanol onto the gel surface. The gel run at 27 to 30 mA until the proteins reached the 

separation gel. The separation was run at 35 – 40 mA until the proteins reached the area 

shortly before the base gel. After gel running the gel was removed carefully from the glas 

plates and stained in Coomassie-staining solution over night at 4°C [Table 8].  

The next morning we destained the excess staining solution from the gel by heating 3 

times at 750 W for 5 min in distilled water in the microwave. A sponge to absorb the 

excess of staining solution was put into the distilled water to accelerate the destaining 

procedure. Afterwards the gel was cooled down to room temperature and incubated in gel 

drying solution for at least 30 min shaking [Table 8].  

 
Table 7: Composition of the three different gels used for SDS gel-electrophoresis.  
First we poured a base gel to seal the glassware, the separation gel was poured with 12 % to separate the 
proteins, the concentration of the stacking gel was dependent on the proteins 4 to 5 %.  All compounds were 
assorted besides TEMED and APS, both components were added immediately before pouring the gel to avoid 
an early polarization. The gels were poured between two glass plates, by using a spacer the space between the 
glass plates was 1 mm. To avoid bubbles separation gel was covered with a modicum of isopropanol that was 
added on the gel surface and washed out before pouring the stacking gel. 
 
Base gel    Separation gel 12  %   Stacking-gel  4 %   Running buffer (10 x ) 

  [ml] 

 

  [ml] 

 

  [ml] 

 

  [ml] 

30 %  Acrylamide 
solution 6.7  

 

26 % AA/ 0.7  % 
bisAA 7.83 

 

26 % AA/0.7 % 
bisAA 1.54 

 
Glycine 144 g 

2 % N,N'-methylene-                         
bis-Acrylamide  1.1 

 

Tris 1,875 M  pH 8,8             
3.4 

 
Tris 0,6 M pH 6,8  2.5 

 
Tris-base 30.3 g 

10 % SDS       0.1 
 

SDS [10 %] 0.17 
 

SDS [10 %] 0.1 
 

SDS [10 %] 100 ml 

Tris 1,875 M  pH 8,8             2.0 
 

ddH2O 5.41 
 

ddH2O 5.8 
 

q.a. 1000 ml 
ddH2O, pH 
8.8   Ammonium persulfate      0.05 

 

Ammonium 
persulfate      0.17 

 
APS 0.05 

 TEMED    0.025 
 

TEMED    0.017 
 

TEMED  0.01 
 

    

final volume 10   final volume 17   final volume 10       
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Table 8: Composition of the Coomassie gel staining solution and the Coomassie gel drying solution.  

Coomassie  staining solution  500 ml 

 

Coomassie gel drying solution 1000 ml 

  final 
concentration 

volume 

 

  final 
concentration 

volume 

Coomassie Brilliant Blue 0.1 % 0.5 g 
 

Glycerol 
3 % 30 ml 

Methanol p.a. 50 % 250 ml 
 

Methanol 
p.a. 30 % 300 ml 

Acetic acid 10 % 50 ml 
 

ddH2O   670 ml 

 

3.3 IMMUNOLOGICAL METHODS 

3.3.1 AUTO-IGE HIGH-THROUGHPUT IMMUNOASSAY 

To detect autoreactive IgE in serum we established the here described immunoassay. The 

procedure given below is the finalized protocol for the high-throughput immunoassay 

performed in a 384-well Maxisorp® plate (nunc, Denmark). Figure 2 depicts in brief the 

procedure of the high-throughput immunoassay. Whole cell protein extracted from 

HaCaT-, NHBE and FHs74 int cells served as antigens and were coated on the solid phase 

of 384-well Maxisorp® plates. Before coating the proteins were denatured by boiling at 

96°C for 10 min. The protein amount for coating was calculated for each protein one by 

one. We coated 1 µg protein per well in 20 µl of the special coating buffer and incubated 

the plate over night at 4°C. 

After washing the plate three times in washing buffer using the plate washer (Tecan, 

Maennedorf, Switzerland) we blocked each well with 1 % BSA in TBS to inhibit unspecific 

binding in the ongoing procedure. Plates were washed 3 times in TBS-Tween® (TBS-T), 

plates that were not used directly were stored with 50 µl/ well TBS and closed with Bar 

Seal® (nunc, Denmark) and stored at 4°C until usage. Sera for auto-IgE analysis were 

diluted 1:2 with TBS-T in 96-well plates and transferred onto 384-well plates in triplicates 

(20 µl of the diluted sample in each well) and incubated for two hours at 22°C, shaking at 

300 rpm on a thermomixer (Eppendorf, Germany).  After washing again 3 times with   

TBS-T 20 µl of the 1:800 diluted secondary anti-human IgE antibody, specific towards the 

ε-chain (Sigma-Aldrich, Missouri, USA) was given into each well and incubated for two 

hours at 20°C, shaking at 300 rpm on a thermomixer (Eppendorf, Germany). The following 

washing step was increased and we washed the plate eight times with TBS-T to eliminate 

the entire unbound secondary antibody and went on with the chromogen development 

using a 1-step Ultra-Tetramethylbenzidine (TMB) (Thermo Fisher Scientific, 

Massachusetts, USA). We used 20 µl of TMB in each well for chromogen development and 

stopped the reaction with 10 µl of 2M H2SO4 when the negative control started to turn 
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slightly blue, which was about after 10 minutes. The whole plate was shaken and 

measured at 450 nm and 700 nm as reference wavelength (epoch Reader, BioTek). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Procedure of the high-throughput immunoassay 
To detect autoreactive IgE in serum. Cells were cultivated up to a confluence of 70-80 %, lysed with RIPA 
buffer, denatured and coated on the solid phase of a 384-well Maxisorp® plate. The protein is now linearized 
in 1D/2D structure. To detect the bound autoreactive IgE a secondary anti-human IgE antibody, specific to the 
ε-chain, was added and the chromogen development was initiated by adding a 1-step ultra TMB and stopped 
with 2M H2SO4. The plate was measured at 450 nm and 720 nm as reference wavelength. The second 
possibility not to linearize or denature the proteins was established but not used for the results presented in 
the current study. 
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3.3.2 CUT-OFF AND REACTIVITY CALCULATION FOR SAMPLES ANALYZED WITH THE         HIGH-

THROUGHPUT IMMUNOASSAY 

To determine a discrimination threshold in a binomial classification that determines if a 

patient has a certain disease or not commonly a ROC curve is determined, in which the 

sensitivity (true positive rate) and specificity (wrong positive rate) of the assay is 

calculated to use for a novel parameter.  

As there is no disease defined if a patient shows IgE autoreactivity there was no possibility 

to use a ROC curve for the determination of a threshold that discriminates patients as 

diseased and not diseased.  

 To calculate the height and the dimension of the auto-IgE reactivity in serum we defined a 

cut-off that was more multi-staged for children as children showed a higher quantity of 

IgE-reactivity as adults, due to the physiologically occurrence of auto-IgE in serum.  

As shown in the following figure we determined the cut-off by the calculated mean of six  

non-reactive samples and added a threefold standard deviation of the non-reactive 

samples for adult samples [Figure 3]. 

The reactivity-factor of the sample was adjusted by dividing the OD of the sample with the 

calculated cut-off.  

As we had to verify the cut-off for children of the GINI/LISA birth cohort we added two 

further levels of reactivity. For that we used a 2. cut-off, calculating with a 4.5-fold 

standard-deviation and a 3. cut-off calculating with a 6-fold standard deviation. Again the 

reactivity for each sample was calculated by dividing the sample OD by the calculated cut-

off. A sample was evaluated as reactive or positive when the final calculated factor was 

equal or higher than one.  

Another possibility to define this cut-off is the following when the factor is ≥1: 

1. cut-off = reactive sample 

2. cut-off = high reactive sample 

3. cut-off = very high reactive sample 

 

The analysis of the “Factor of reactivity” is very similar when compared to the calculation 

of the 95-percentile as used for the definition of a reference range used in laboratory 

praxis. 
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Figure 3: Cut-off calculation for the evaluation of the auto-IgE immunoassay.  
The cut-off was calculated by the mean of simultaneously analyzed non-reactive controls. The mean and the 
standard deviation of six non-reactive samples were calculated. To expand the graduation of the reactivity of 
children, as the quantity of reactive samples was much higher and much more frequent as in adult patient-
groups we established three increasing cut-offs. For the first cut-off (1. cut-off) the mean of the non-reactive 
controls was sum up with the 3-fold standard deviation. Finally, the OD of the sample (ODsample) was divided by 
the 2.- or the 3. cut-off and was calculated with 4.5-fold and 6-fold standard deviation respectively. A final 
calculated factor equal or higher than 1 was evaluated as a positive and reactive sample. Adult samples were 
calculated using only the 1 cut-off.  
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3.4 MOUSE STUDIES 

3.4.1 PURIFICATION OF OVA-SPECIFIC IGE FROM MOUSE SERUM 

From the crude serum we obtained for IgE enrichment we took about 20 µl for IgE and IgG 

ELISA to determine the total IgE, total IgG and OVA-specific IgE in the source material. 

Prior using the melon gel® we exchanged the buffer using the protein desalting spin 

column (Zeba® column), (Pierce/ Thermo Scientific, Rockford, USA). After preparing the 

Zeba® columns with 300 µl of purification buffer from the Melon gel® Kit we applied 100 

µl of the serum on the resin and centrifuged at 1500 x g for 2 min to collect the buffer 

exchanged sample. In the next step we used the melon gel®, (Pierce/ Thermo Scientific, 

Rockford, USA), to remove albumin. After equilibration and adding the slurry and 

preparing the slurry with purification buffer we applied 100 µl of the buffer exchanged 

serum and incubated it for 5 min at room temperature with end-over mixing. The sample 

was then centrifuged at 5500 x g for 1 min to collect the purified antibody. For the use of a 

protein G column and to purify the IgE from IgG the buffer had to be exchanged again 

using a Zeba column®. After preparing the protein G column we applied 400 µl of the 

purified serum sample incubated for 10 min at room temperature with end-over mixing. 

The IgE eluate was obtained by centrifuging at 5000 x g for 1min. A sample was taken for 

IgE (total and OVA-specific) and total IgG was taken. The resin was washed two times and 

the IgG fraction after adding of neutralization and elution buffer eluted and collected. We 

obtained three IgG fractions each was analyzed for IgE by ELISA to proof whether IgE was 

gone with the IgG fraction and to assure to re-obtain all IgG antibodies in this fraction. The 

procedure was optimized to the needs of our application, on the whole the procedure was 

done as given in the manufacturer´s instruction to use the Zeba column®, the melon gel® 

and the protein G column. 

 

3.4.2 ELISA 

To obtain OVA-specific IgE, to use as a self-antigen in experimental mouse models we had 

to enrich IgE from serum from OVA-sensitized BALB/c to inject this into C57BL/6 mice. 

The first sample to test in ELISA was taken before we started the enrichment for IgE from 

the crude serum. The following steps were the removal of albumin by using a melon gel® 

(Pierce/ Thermo Scientific, Rockford, USA) and the last step the removal of IgG antibodies 

using a Protein G column (Pierce/ Thermo Scientific, Rockford, USA). The second sample 

to test in ELISA was the IgE-eluate obtained from the Protein G column; we performed a 

total-IgE, an OVA-specific IgE ELISA and an IgG ELISA out from it. A final step was to eluate 

the IgG from the Protein G column; again we took a sample to measure in ELISA to verify 
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how much IgE is in the IgG fraction. IgA and IgM were not depleted due to naturally low 

concentration in serum. 

The dilution of the different samples used in the different (total-IgE, OVA-specific IgE and 

total IgG) ELISA is shown in Table 9. 

 
Table 9: Sample dilution   obtained from the IgE enrichment  
to determine total-IgE, OVA-specific IgE and total IgG in ELISA. 

 

  Dilution   
   IgG total  IgE total  OVA-IgE   
 Serum 1:5000 1:10 1:10 

all 

samples 

in 

duplicate 

   1:10.000 1:100 1:100 
   

    

IgE Eluate 1:10 1:10 1:10 
   1:100 1:100 1:100 
   

    

IgG fraction 

I-III 1:1000 undiluted undiluted triplicates 
   1:10.000     
  

 
The total IgE ELISA was coated with 0.5 µg/well of the coating antibody (sheep, anti-

mouse IgE, monoclonal) diluted in coating buffer [Table 10] and incubated 2 h at room 

temperature. The plate was washed three times in washing buffer and afterwards blocked 

for 2 h at room temperature in 300 µl blocking buffer [Table 10]. For the next step standard 

(Purified mouse IgE) and samples were transferred into the wells of 96 well plates, each 

50 µl. The standard-row was diluted from 250 ng/ml to 0.98 ng/ml. Again the samples 

were incubated for 2 h at room temperature and afterwards again washed three times in 

washing buffer. In the next step 50 µl of the detection antibody (1 µg/ml), (Biotin-

conjugated rat anti-mouse IgE) was given into the wells and incubated again 2 h at room 

temperature. After the incubation of the detection antibody we washed the plate 8 times 

using the washing buffer. 50 µl streptavidin-peroxidase, Calbiochem (1 µg/ml) was added 

into each well and incubated 30 min at room temperature. And finally we added the 

substrate and incubated the chromogen development in the dark. The reaction was 

stopped using 2M H2SO4 25 µl per well. 
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Table 10: Composition of all buffers and substances used in the total-IgE -,  
OVA-specific IgE- and total-IgG ELISA. 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

For the ELISA of OVA-specific IgE we used 100 µg in 100 µl per well of the coating 

antibody (Ovalbumin from chicken egg-white, grade V) diluted in coating buffer [Table 10] 

and incubated 2 h at room temperature. The plate was washed three times in washing 

buffer and afterwards blocked for 2 h at room temperature in 300 µl blocking buffer [Table 

10]. For the next step the standard (mouse anti-ovalbumin IgE) and samples were 

transferred into the wells of 96 well plates, each 50 µl. The standard-row was diluted from 

1000 ng/ml to 3.9 ng/ml. Again the samples were incubated for 2 h at room temperature 

and afterwards again washed three times in washing buffer [Table 10]. Next 50 µl of the 

detection antibody (1.25 µg/ml), (Biotin anti-mouse IgE) was added into the wells and 

incubated 2 h at room temperature. After the incubation of the detection antibody we 

washed the plate 3 times using the washing buffer. 50 µl streptavidin-peroxidase 

(Calbiochem), (1 µg/ml) was added into each well and incubated 30 min at room 

temperature. Finally we added the substrate and incubated the chromogen development 

in the dark. The reaction was stopped using 2M H2SO4 25 µl per well [Table 10]. To 

Coating buffer 4.2 g NaHCO3 

 1.78 gNa2CO3 

q.s. to 500 ml aqua dest 

adjust pH to 9.5 

10x Tris 

(500mM) 

60.55 g Trizma® Base 

 q.s. to 1 l in aqua dest,  

adjust pH to 7.4 using 5MHCl 

Washing buffer 1x Tris (50 mM) 

 100 ml 10x Tris 

900 ml aqua dest 

Adjust pH using 5M HCl to 7.4 

0.5 ml Tween 

Substrate 5445 µl substrate buffer 

 2.55 µl cold H2O2 

55 µl dissolved TMB 

50 µl/ well 

Blocking 

buffer 

1x Tris (50 mM)/ 1 % BSA 

 400 ml 1x Tris 

4 g BSA, Fraction V 

Substrate buffer  

(Galati buffer) 

8.41 g Citric Monohydrate 

 q.s. to 200 ml aqua dest 

adjust pH to 3.95 using 4M KOH 

TMB 24 mg TMB 

 Dissolve in  

500 µl Ethanol absolute 

and 500 µl DMSO 
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determine the total-IgG in serum and the eluates we used the Mouse IgG Quantitation Kit 

(Bethyl Laboratories). The procedure was done as given in the instruction manual. In brief 

50 µl of the coating antibody, goat anti-mouse IgG affinity purified (10 µg/ml) was added 

and incubated the coating for 1 h at room temperature. After washing the plate with 

washing buffer [Table 10] we blocked the plate using blocking buffer (for 30 minutes at 

room temperature and washed again 3 times using the washing buffer [Table 10]. For the 

next incubation step we added the standard and samples into the wells, 50 µl each. The 

standard row consisted of concentrations from 500 ng/ml to 7.8 ng/ml, the incubation 

time was 1 hour at room temperature. The next washing step was repeated five times. The 

next step was adding 50 µl/well of the detection antibody (10 ng/ml) and incubated 1 

hour at room temperature. The plate was again washed five times, before adding the 

substrate [Table 10] and incubated the chromogen development in the dark. The reaction 

was stopped using 2M H2SO4 25 µl per well [Table 10]. 

 

3.5 STATISTICAL ANALYSIS 

Statistical analyses were done mainly with R (R DEVELOPMENT CORE TEAM 2009), partly 

with GraphPad Prism 6.05 (GraphPad Software La Jolla, CA, USA).  

For metric data normality was tested using a QQ-plot or using a Shapiro-Wilk test to 

assess the normal or Gaussian distribution respectively of the values. If Gaussian 

distribution was given appropriate tests were as linear or logistic regression was 

performed. Binominal data were tested using a QQ-plot (R3.1.2) only. 

An initial analysis to test differences between categorical variables was analyzed using 

Pearson’s´ chi-squared test (χ²-test). If a difference was given by a significant χ²-test we 

performed continuing analyses. 

Associations between auto-IgE reactivity and several different factors were analyzed using 

multiple logistic regression models adjusted for sex, study, city, age, BMI, parental 

education, and parental atopy. The results were presented in odds ratios (OR) with 95 % 

confidence intervals (CI). 

Receiver operating characteristic (ROC) curve analysis was used to evaluate the value of 

auto-IgE reactivity to predict atopic eczema in children.  
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3.6 CHEMICALS AND BUFFERS 

chemical/ substance product number company 

1-Step Ultra TMB-ELISA 34029 Pierce / Thermo Fisher 

Acrylamide 4x solution 40 % (w/v) 10677.01 Serva 

Amphotericin B A2942 Sigma-Aldrich 

Anti-Human IgE (ε-chain 
specific)−Peroxidase antibody 
produced in goat (2nd Antibody) A9667 Sigma-Aldrich 

APS; Ammonium persulfate 13375.01 Serva 

BCA assay Kit 23227 Pierce / Thermo Fisher 

BEGM BulletKit CC-3170 Lonza 

biotin anti-mouse IgE 553419 BD 

Biotin-conjugated rat anti-mouse IgE 553419 BD 
N,N’-Methylene bisacrylamide 2x  
Solution 2 % (w/v) 29197.01 Serva 

BSA (Albumin Fraction V) 8076 Carl Roth, Karlsruhe 

BSA (Albumin Fraction V) A-2153 Sigma-Aldrich 

Citric Monohydrate c-1909 Sigma-Aldrich 

DermaLife® Basal Medium LL-0007 Cell Systems 

Di-Sodiumcarbonate s-7795 Sigma-Aldrich 

DL-Dithiothreitol 
43815 Sigma-Aldrich 

DMSO 109678 Merck, Darmstadt 

DMSO D2650 Sigma-Aldrich 

DPBS, calcium, magnesium 14040091 Life Technologies, Carlsbad, CA 

DPBS, no calcium, no magnesium 14190094 Life Technologies, Carlsbad, CA 

EDTA 15575-038 Life Technologies, Carlsbad, CA 

EGF, human recombinant E9644 Sigma-Aldrich, Steinheim 

Ethanol absolute 100983 Merck, Darmstadt 

Fetal calf serum A15-102, PAA Laboratories, Pasching, Austria 

Ficoll 
  goat anti-mouse IgG affinity purified A90-131A Bethyl Laboratories 

Halt Protease & Phosphatase Inhibitor 
Cocktail 78440 Pierce / Thermo Fisher 

Hydrogen peroxide solution, 30 % 216763 Sigma-Aldrich, Steinheim 

IFN-γ, human recombinant 300-02 PeproTech 

Insulin, human recombinant 12585-014 Life Technologies, Carlsbad, CA 

Keratinocyte serum-free medium 
(KCSFM) with L-Glutamine 17005-075 Gibco / Life Technology 

KOH 1.050.210.250 Merck, Darmstadt 

L-glutamine 25030 Life Technologies, Carlsbad, CA 

Melon Gel IgG spin purification Kit 45206 Pierce 

mouse anti-ovalbumin IgE BZL05775 Biozol 

Mouse IgG ELISA Quantitation Kit E90-131 Bethyl Laboratories 

Sodiumhydrogencarbonate 1.063.290.500 Merck, Darmstadt 
NHBE; Bronchial Epithelial Cells w/RA, 
BEGM, cryo CC-2540 Lonza 

NonidetTM P 40 Substitute (NP-40) 74385 Sigma-Aldrich, Steinheim 

Ovalbumin from chicken egg-white, 
grade V A5503 Sigma-Aldrich 
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chemical/ substance product number company 

Polyvinylpyrrolidon 40.000 mol 
average PVP-40 Sigma-Aldrich 

Potassium chloride (KCl) 104933 Merck, Darmstadt 

Potassium dihydrogen phosphate 
(KH2PO4 ) 104873 Merck, Darmstadt 

purified mouse IgE 557079 BD 

sheep, anti-mouse IgE, monoclonal PC284 The binding site 

Sodium carbonate (Na2CO3) S7795 Sigma-Aldrich, Steinheim 

Sodium chloride (NaCl) S9888 Sigma-Aldrich, Steinheim 

Sodium deoxycholate monohydrate D5670 Sigma-Aldrich, Steinheim 

Sodium dodecyl sulfate solution (SDS), 
10 % L4522 Sigma-Aldrich, Steinheim 

Sodium hydrogen carbonate (NaHCO3) 
106329 Merck, Darmstadt 

Sodium phosphate dibasic S9763 Sigma-Aldrich, Steinheim 

Sodium phosphate monobasic 
monohydrate (NaH2PO4) S9638 Sigma-Aldrich, Steinheim 

Sodium pyruvate 11360 Life Technologies, Carlsbad, CA 

ß-mercaptoethanol M6250 Sigma-Aldrich, Steinheim 

Streptavidin-Peroxidase 189733 Calbiochem 

Sulfuric acid (H2SO4) 100731 Merck, Darmstadt 

Teba Desalt Spin Columns 89883 Pierce 
TEMED; 
N,N,N’,N’-Tetramethylendiamin 35925.01 Serva 

TMB 87748 Sigma-Aldrich, Steinheim 

TMB 87748 Fluka 

TMB, 1-Step Ultra TMB-ELISA 
Substrate 34028 Thermo Fisher Scientific, Waltham, MA 

Trizma® base T1503 Sigma-Aldrich, Steinheim 

Trypan blue 0.5 %  295833 Boehringer Mannheim  

Trypsin/EDTA 35400-027 Life Technologies, Carlsbad, CA 

TWEEN® 20 P7949 Sigma-Aldrich, Steinheim 

TWEEN® 20 P7949 Sigma-Aldrich 

Zeba Spin Desalting Columns, 7K 
MWCO, 0.5 ml 89882 Pierce 
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3.7 CONSUMABLES, LABORATORY INSTRUMENTS AND LABORATORY DEVICES 

Instrumentation/materials 
Laboratory instrumentation 

Model/ product number Manufacturer 

1 ml pipette 604181 Greiner bio-one  

10 ml pipette 607180 Greiner bio-one  

15 ml tubes 62554502 Sarstedt 

2 ml pipette 710180 Greiner bio-one  

25 ml pipette 760180 Greiner bio-one  

384 well maxisorp® plate 464718 nunc 

5 ml pipette 606180 Greiner bio-one  

6 well plates 140685 nunc 

96 well plate flat-bottom 655101 Greiner 

96 well plate round-bottom 651101 Greiner 
96-well flat-bottom microplate, 

MaxiSorp™ 
439454 

nunc 

Bar Seal 44636 nunc 

cell culture flask 175 cm² 353118 Becton Dickinson 

cell culture flask 25 cm² 136196 nunc 

cell culture flask 75 cm² 353136 Becton Dickinson 

cell scraper disposable cells scraper Corning 

cell scraper polyethylene cells lifter Sarstedt 

Centrifuge Megafuge 1.OR Heraeus 

Centrifuge Biofuge pico Heraeus 

Centrifuge Heraeus Fresco 21 Thermo Scientific 

Cryotubes 375418 nunc 

electronic pipette 10 - 100 µl Xplorer® plus Eppendorf AG 

Electrophoresis chamber   PR-Tech 

ELISA-Reader Epoch Bio Tek 

Freezer (-20°C) Gs2503-11 Liebherr 

Fridge (4°C) SN-ST 26164 4 Liebherr 

Incubator IR-Sensor Sanyo 

laminar flow Herasafe HS 15 Thermo Fisher Scientific 

Liquid nitrogen storage tank Locator 6 PLUS Thermo Fisher Scientific 

Multichannel  pipette, adjustable vol. Multipette plus Eppendorf AG 

Multichannel  pipette, adjustable vol. Transferpipette-12 BRAND GMBH + CO KG 

Multipette® plus - Eppendorf AG 

Neubauer hemacytometer 
- 

Glaswarenfabrik, Karl Hecht 
GmbH&Co KG 

Optical microscope Axiovert  4CFL Zeiss 

pH-Meter CG 841 Schott 

pipett tips, ART ®, filtered 2140 (10 µl) Promega 

pipett tips, ART ®, filtered 2065E (100 µl) Promega 

pipett tips, ART ®, filtered 2079E (1000 µl) Promega 

pipett tips, ART ®, filtered 2149P (20 µl) Promega 

pipett tips, ART ®, filtered 2069 (200 µl) Promega 

pipett tips, epT.I.P.S 0030 000.854 (0.5-20 µl) Eppendorf AG 

pipett tips, epT.I.P.S 0030 000.870 (2-200 µl) Eppendorf AG 

pipett tips, epT.I.P.S 0030 000.897 (20-300 µl) Eppendorf AG 

pipett tips, epT.I.P.S 0030 000.919 (50-1000 µl) Eppendorf AG 

Pipette controller Accu Jet BRAND GMBH + CO KG 
Pipettes, Reference, adjustable 
volume 

Reference 
Eppendorf AG 

Plate washer Hydrospeed Tecan 
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Instrumentation/ materials 
Laboratory instrumentation 

Model/ product number Manufacturer 

Precision balance PB303-S/FACT deltarange Mettler Toledo 

Reagent and centrifuge tube, 15 ml 62554502 Sarstedt 

Reagent and centrifuge tube, 50 ml 62547254 Sarstedt 

Research pro 
electronic air displacement 
pipette Eppendorf AG 

Safe lock tubes 0.5 ml 0030 121.023 Eppendorf AG 

Safe lock tubes 1.5 ml 0030 120. 086 Eppendorf AG 

Safe lock tubes 2 ml 0030 120.094 Eppendorf AG 

Semi-Dry Western Blot chamber   PR-Tech 

Sterile bench HS15 Hereaus 

Sterile filter unit, Millex-GP, 0.22 µm  SLGP033RS Millipore 

Taumelroller 707661 RM5.40 Karl Hecht GmbH&CoKG 

Thermomixer  Thermomixer comfort Eppendorf AG 

Tubes, safe-lock 0.5 ml 0030 121.023 Eppendorf, Hamburg 

Tubes, safe-lock 1.5 ml 0030 120.086 Eppendorf, Hamburg 

Tubes, safe-lock 2.0 ml 0030 120.094 Eppendorf, Hamburg 

Ultrasonic bath 
Sonorex R52 

BANDELIN electronic GmbH & Co. 
KG 

Varioclav Dampfsterilisator  400 E H+P Labortechnik AG 

Vortex mixer IKA MS 1 minishaker Sigma-Aldrich 

Vortex mixer MINI-Vortex Kisker Biotech 

Vortexer MS1 minishaker IKA®-Werke GmbH & CO. KG 

Water purification system MilliQ1, EASYpure UV Milipore 

Waterbath 
1083 

GFL Gesellschaft für Labortechnik 
GmbH 
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4. RESULTS 

4.1. ESTABLISHING OF A HIGH-THROUGHPUT IMMUNOASSAY FOR THE DETECTION OF AUTOREACTIVE IGE IN 

HUMAN SERUM 

To screen large cohorts and sample sizes using the minimal amount of sample volume we 

established a screen to detect autoreactive IgE in 384 well format. 

4.1.1. EXTENSION OF 96-WELL PLATE IMMUNOASSAY TO A HIGH-THROUGHPUT ASSAY IN 384 WELL 

PLATE FORMAT 

The Immunoassay was first established on 96-well format and later on extended to a 384-

well format to reach a higher sensitivity and a high-throughput system, that allows 

screening large birth cohorts in short time periods. In addition, the sample volume applied 

in each well could be reduced till 10 µl serum, from 25 µl in 96 well-format. For that we 

tested two different plate surfaces (MaxisorpTM and ImmobilizerTM Amino) whereas the 

surface of MaxisorpTM revealed in specifiable results of reactive and non-reactive samples 

compared to ImmobilizerTM Amino. Furthermore, we titrated the amount of protein coated 

to the surface in concentrations of 0.25, 1 and 5 µg/well, whereat we revealed lower IgE-

binding when 5 µg of protein per well was bound. Finally, as there were only minor 

differences between 0.25 µg and 1 µg, we decided to apply 1 µg of protein to enhance the 

variability of proteins in each well (BECK 2012).  

Moreover, we had to optimize the assay in 384-well format to conduct a stable and 

feasible system. As the blank was fairly elevated with buffers and settings used in 96-well 

format, the 384-well format had to be optimized with entirely new settings. Since we could 

not claim samples as right or false positive or negative for auto-IgE reactivity, as there is 

no definition for disease, we used in all upcoming steps of establishment samples with 

known reactivity we assessed before, as assay controls. The availability of samples 

without any reactivity (non-reactive samples, non-reactive controls (nC)) and others with 

known reactivity (reactive controls (react. Ctrl)) were utilized.  

 To coat the proteins in 384-well format we used Dithiotreitol (DTT), which we did not use 

in 96-well. Therefore we reassessed whether DTT is the background causing component. 

As the testing with and without DTT revealed no difference in background (blank), but 

better results in low positive samples we kept coating with DTT (data not shown). In 

addition we obtained far better consistence of the values when the plate was shaking at 

300 rpm in each incubation step during the entire assay, compared to stationary 

incubation (data not shown). To save sample volume of valuable samples, we tried to 
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reduce the applied sample volume till 10 µl in total without gaining satisfactory results, so 

we remained using 20 µl of total sample volume (1:2 dilution).   

The blocking strategy is one of the possible factors to diminish the assay background; 

nevertheless it is a fine line between deprivation of rarely occurring auto-antigenic 

epitopes and blocking unspecific binding showing up in the extent of background. Three 

blocking strategies were tested to reveal the most suitable one for the present assay. First 

we compared 1 % and 2 % of bovine-serum albumin (BSA) blocking each for 2h at room 

temperature (RT). Simultaneously we compared sample dilution using PBS and PBS-T, as 

PBS was the buffer utilized in 96-well format. Figure 4 depicts the results of the two 

concentrations of BSA and the two ways of sample dilution, each combined. Resulting in 

higher optical density (OD) when blocking was performed using 1 % BSA (light and dark 

brown bars) compared to 2 % BSA blocking (grey bars). Furthermore, we revealed slightly 

higher values when using 0.05 % Tween® in the sample dilution buffer (PBS), particularly 

in low reactive samples or higher dilution respectively. For the third type of blocking we 

tried using the non-protein component Polyvinylpyrrolidon (PVP) to obtain more 

consistent results but lower background signals (HAYCOCK 1993). Figure 5 depicts the IgE-

reactivity after 1 % BSA or 1 % PVP blocking.  Again, we used a dilution row of one 

reactive sample, measured each in triplicate to assess the specificity and sensitivity of the 

changed assay condition. The blue bars (1 % BSA) show a preferable decreasing auto-IgE 

reactivity following the sample dilution, in contrast values obtained from wells that were 

blocked with PVP, do not show a dilution row accompanied with decreasing OD. Finally, 

we determined blocking with 1 % BSA as the most suitable approach for the present auto-

IgE immunoassay. 

 

 



 

44 
 

Figure 4: Blocking with 1% of BSA and using Tween® for sample dilution is more efficient for 
the detection of auto-IgE reactivity in serum. 
A dilution row of one reactive sample was analyzed using a blocking of 1% (beige bars) or 2% (grey 
bars) BSA. 2% BSA repressed target epitopes of autoreactive IgE that reveals in less abundant 
results compared to the blocking with only 1% BSA. Slightly enhanced detection of auto-IgE 
reactivity we obtained when Tween® was used for sample dilution particularly in samples with 
marginal reactivity. Data are given ± SD. 

Figure 5: Samples blocked with Polyvinylpyrrolidon (PVP) are not evaluable. 
The dilution row of the reactive sample shows no decreasing reactivity when blocked with 
1% PVP [grey bars] as it is when the blocking is conducted with 1% BSA [blue bars]. As the 
background in PVP-blocked plates is as high as the highest sample (reactive control 1:2) a 
sample evaluation is not possible. Data are given ± SD. 
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Despite the optimization of blocking, the background remained quite high referring to 

unspecific binding of e.g. the secondary antibody (2nd antibody). To further optimize 

conditions for less unspecific binding of the 2nd antibody we tried to modify the buffer 

system from phosphate base (PBS) to Tris(hydroxymethyl)-aminomethan buffered saline 

(TBS) containing Tween® (TBS-T). Along with a titration of the 2nd antibody [Figure 6 [A] 

1:500, [B] 1:800, [C] 1:1000] we could reduce the background by using TBS buffer, 

whereupon the utilization of PBS revealed in higher values of background in 1:500 and 

1:800 dilution. Moreover the range to discriminate reactive and non-reactive samples is 

insufficient broad [Figure 6 A, B] when PBS is used. Applying less concentrated 2nd antibody 

(1:1000 diluted) revealed in less unspecific binding but no better discrimination feasibility 

of the samples [C]. However, using TBS buffer disclosed lower unspecific binding when 

diluting 2nd antibody 1:500 or 1:800 [A, B] and enhanced feasibility to discriminate 

reactive and non-reactive samples [A, B, C]. A higher OD was reached after incubation with 

1:1000 diluted 2nd antibody at which the background OD increased in TBS conditions 

likewise the PBS one. Still remaining the suboptimal decline of values of the sample 

diluted serial in PBS. 
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Figure 6: Tris-based buffer lowered the background and increased the dynamic range of the 
assay. 
The antibody dilution of 1:500 [A] and 1:800 [B] showed less background when TBS-T buffer (blue 
bars) is used compared to PBS-T (beige bars). The discrimination of reactive (react. Ctrl) and non-
reactive samples (nC) is much better when TBS-T was used as the range of OD is wider between 
TBS-T samples, here the dynamic range is increased. The 1:1000 dilution of the 2nd antibody [C] 
shows a higher background for both buffer systems but still a higher dynamic range for TBS-T 
assay. Data are given ± SD. 
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In a further step we compared Tris-based buffer with pH of 7.4 as it was used up to the 

present assay and pH 9.6. In Figure 7 dissimilarities of using pH 9.6 [A, C] and pH 7.4 [B, D] 

for analysis of auto-IgE reactivity are shown. Actually the higher pH of 9.6 revealed a 

better distinction of values analyzing the dilution row compared to pH 7.4 where the 

dilution row is indeterminable. Moreover, measuring a reactive sample four times              

(n = 8-12 each) shows more consistency when pH 9.6 is used. According to these results 

we changed the buffer system to Tris-based with a pH of 9.6.  

 

 

 

 

 

Figure 7: A higher pH of 9.6 reveals in more consistent results and higher sensitivity. 
Four conditions with Tris buffer of pH 9.6 [A, C] and 7.4 [B, D] each with titration of the secondary antibody 
(1:800 [A, B], 1:1000 [C, D] were tested using similar test samples. Five different non-reactive controls (nC1 - 
nC5) were used. In addition we tested one reactive sample in a dilution row, in which the 1:2 dilution was 
measured several times (each boxplot n = 8-12) to obtain the consistence of the analysis. A and C (pH 9.6) show 
the same median for the 1:2 dilution of the reactive sample (+ctrl (1:2)) and the decreasing median for the 
dilution row. Whereas using a pH 7.4 [B, D] does not reveal the required dilution row of the reactive control. 
Thus the pH 9.6 was utilized from now on. Data are given in a boxplot, showing the median, upper and lower 
quartile. 
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Figure 8: The sample dilution with 1% BSA in the dilution buffer blocks the accessibility of 
target proteins for autoreactive IgE. 
The detection of auto-IgE reactivity was compared in different samples (react. Ctrl: auto-IgE reactive 
sample, BiA-samples, nC1 – nC5: non-autoreactive samples) diluted with and without 1 % BSA. [A] OD 
of IgE-autoreactivity towards HaCaT cell derived proteins. [B] OD of IgE-autoreactivity towards NHBE 
derived proteins. A and B show significant differences of using 1 % BSA in sample dilution buffer 
(light red, light blue), as the BSA containing buffer revealed in no differentiability of positive or 
negative samples. Compared to samples diluted with sample-dilution buffer without BSA (dark red, 
dark blue bars) Data are shown ± SD. 

Commonly in ELISA blocking buffer is used to dilute samples, containing proper amounts 

of BSA and Tween®. At the risk of blocking the rarely occurring auto-antigenic epitopes 

we tested the use of TBS-T containing 1 % BSA for sample dilution. As expected BSA used  

for sample dilution, when autoreactive antibodies are supposed to be detected is too 

strong for rarely occurring target proteins [Figure 8]. 
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In a last step we tested a second anti-IgE secondary antibody (Novus biological) in 

addition to the anti-IgE used hitherto (Sigma-Aldrich) and a second 384-well plate 

(Immunosorp®, Brand) that binds proteins with the same principle as the Maxisorp® 

(nunc) plate does. We tested the four combinations illustrated in Figure 9, each antibody in 

each plate using different non-reactive (nC1 – nC12) and reactive samples (react. Ctrl) 

additionally a dilution row (1:2 to 1:20) of the last. Figure 9A depicts the Maxisorp® plate 

in combination with the antibody from Sigma-Aldrich (brownish bars) and with the new 

tested antibody from Novus biological (blue bars) both diluted 1:800. The same 

combination depicts [B] with a dilution of 1:1000 of both 2nd antibodies. The second plate 

(Immunosorp, Brand), tested with both antibodies (Sigma-Aldrich; red bars, Novus 

biological; grey bars) is shown in [C] with a dilution of 1:800 and [D] 1:1000. The utmost 

discrepancy was obtained for the dynamic range of the assay when testing the different 

combinations of antibody and plates. Therefore the dynamic range is higher when 

Maxisorp®-plate and the antibody from Sigma-Aldrich are combined, as if the same plate 

with the antibody from Novus biological as shown in [A] is used. Here the range between 

the non-reactive (nC) samples and the reactive (react. Ctrl) is much broader within the 

brownish bars (antibody, Sigma-Aldrich 1:800) compared to the blue bars (antibody, 

Novus biological 1:800). The same result is reflected in [C] in the Immunosorp® plate 

(Brand). Hence the combination of the 2nd antibody from Sigma-Aldrich and the 

Maxisorp® plate from nunc yields in the higher dynamic range for this Immunoassay, 

hence a better discrimination of the difference of reactive samples is given. In [B] and [D] 

the higher dilution (1:1000) of both antibodies confirms the latter results, moreover the 

same combination of plate and antibody reveals higher consistency when the same 

samples (react. Ctrl 1:2) are measured four times (each n = 3) as illustrated in [B]. 
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Figure 9: The combination of 
Maxisorp and the anti-IgE 
antibody from Sigma-Aldrich is 
the most adequate combination 
for the present system to detect 
auto-IgE. 
[A], [B]: compare Maxisorp® plate, 
(nunc) and two different anti-IgE 
antibodies (Sigma Aldrich, Novus 
biological) and two dilutions 
(1:800/1:1000). Non-reactive 
samples (nc1-nc4) showed less 
reactivity, but reached a higher 
dynamic range by using the anti-
IgE antibody from Sigma-Aldrich, 
compared to the anti-IgE from 
Novus biological. Compared to the 
higher dilution of 1:1000 of both 
antibodies [B], [D] the antibody 
from Sigma-Aldrich revealed in 
more consistent results when a 
sample dilution of 1:2 was 
measured several times (each n = 
3). The combination of both 
antibodies and the Immunosorp® 
plate [C], [D] (brand, Germany) 
revealed in less background and a 
broader dynamic range using the 
Sigma-Aldrich Ab. The higher 
dilution of 1:1000 [D] revealed in 
less consistent results for the 
Sigma Antibody and a non-
detectable dilution row for the   Ab 
from Novus biological. Data are 
given ±SD. 
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4.2. CHARACTERISTIC OF ATOPIC ECZEMA PATIENTS TESTED RETROSPECTIVELY FOR IGE-AUTOREACTIVITY IN 

SERUM TOWARDS SKIN-DERIVED PROTEINS 

Sera from 107 patients which had been diagnosed for intrinsic or extrinsic atopic eczema 

were collected at the Department of Dermatology and Allergy at Biederstein. Out of 

these, 105 were screened for their auto-IgE reactivity in serum and are characterized in 

Table 11. 

All required informations for the subsequent analysis were anonymously retrieved by the 

inspection of medical records, i.e. total IgE serum level, RAST-data, SCORAD and age. For 

several parameters as duration of atopic eczema (AE) or other atopic diseases (e.g. allergic 

asthma, rhino conjunctivitis, hay fever) medical records were not sufficiently informatory, 

so as to no complete analysis of those parameters could be conducted. 

 

 This study-group was analyzed retrospectively for their auto-IgE reactivity towards 

proteins extracted from primary keratinocytes of healthy subjects and atopic eczema 

patients. None of the tested patients showed a significant difference between the two cell 

types (data not shown), so that all results show the mean of their reactivity towards the 

two primary cell types. 

 

Table 11: Study population characteristics for atopic eczema patients (n=105). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Screened patient group  n  105  

                sex (male/ female)  n (%)  50 (47.6)/ 55(52.4)  

                   age  mean (sd)  21.9 (20.3)  

                   BMI mean (sd)  20.34 (4.9) 

                   total IgE [kU/L] mean (sd)  2135(6056) 

                   SCORAD   mean (sd)  33.7(16.0) 

 AE-profile              

      Intrinsic AE/ extrinsic AE n (%) 51 (48.6)/ 54 (51.4)  
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4.2.1. IGE AUTOREACTIVITY IS NOT ASSOCIATED WITH THE MAIN SYMPTOMS OF DISEASE OF ATOPY OR 

ATOPIC ECZEMA  

Sera of AE-patients and healthy control subjects (n = 33) were tested for auto-IgE against 

protein extracts of primary keratinocytes (pKc). All healthy, non-reactive assay controls 

were shown to lack auto-IgE reactivity against these proteins givin a mean reactivity-

factor of 0.5 (reactivity ≥1 is classified as positive or IgE autoreactive respectively). 

We performed a correlation analysis by linear regression for the main criteria of diagnosis 

of atopic diseases as AE to figure out any relations between auto-IgE reactivity and clinical 

parameters.  

4.2.1.1. SERUM LEVEL OF TOTAL IGE IS NOT CORRELATED WITH THE OCCURRENCE OR LEVEL 

OF    IGE-AUTOREACTIVITY 

 Figure 10 depicts the correlation of auto-IgE reactivity and serum level of total IgE in 105 

patients, without any correlation between the two parameters (p = 0.96, CI = 95 %). We 

confirmed this outcome for different classes of age (0 - 5 y, 6 -12 y, 13 – 18 y and adults), 

but no sub-analysis showed any correlation at any age in this study population. 

 

 

 

 

 

 

Figure 10: No correlation between auto-IgE-reactivity and total IgE. 
105 AE-patients were analyzed for the correlation of the amount of total-IgE in 
serum and their auto-IgE reactivity towards proteins of primary keratinocytes. 
No correlation in this study group for auto-IgE reactivity towards skin-proteins 
and total IgE in serum was observed. The x-axis shows the amount of total IgE 
analyzed in serum and the y-axis the auto-IgE reactivity calculated by the 
normalized cut-off. Patients showing a reactivity ≥ 1 are classified as 
positive/reactive. p=0.96, Confidence Interval 95 %. 
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Figure 11: Linear regression analysis for auto-IgE-reactivity and SCORAD. 
105 AE-patients were analyzed for the correlation of the SCORAD auto-IgE levels 
towards proteins of primary keratinocytes. There finds no correlation in this study 
group for auto-IgE reactivity towards skin-proteins and the extent of SCORAD. The x-
axis shows the SCORAD, the y-axis the auto-IgE reactivity calculated by the 
normalized cut-off. Patients showing a reactivity ≥ 1 are classified as 
positive/reactive. Data are shown with confidence interval 95 %. Adj. R2= 0.003, 
p=0.26. 

4.2.1.2. THE EXTENT OF SCORAD IN AE PATIENTS IS NOT ASSOCIATED WITH AUTO-IGE 

REACTIVITY 

In a second analysis we performed a correlation analysis for SCORAD (Scoring Atopic 

Dermatitis) and auto-IgE reactivity for all patients and for classified age-groups. Figure 11 

depicts the linear regression for all patients showing no interrelation between the two 

parameters. As there was no difference for any group of age (0 - 5 y, 6 -12y, 13 – 18y and 

adults), data of those sub-analyses are not shown here.  
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Figure 12: No correlation between auto-IgE-reactivity and BMI. 
105 AE-patients were analyzed for the correlation of their BMI and the auto-IgE reactivity 
towards proteins of primary keratinocytes in a linear regression model. In this study group there 
is no correlation for auto-IgE reactivity towards skin-proteins and the BMI whether for females 
(f) (adj. R²=0.02, p=0.161) nor for males (m) (adj. R²=0.02, p=0.175) The x-axis shows the 
calculated BMI and the y-axis the auto-IgE reactivity calculated by the normalized cut-off. 
Patients showing a reactivity ≥ 1 are classified as positive/reactive. Data are shown with 
confidence interval 95 %.  

4.2.2. AUTO-IGE REACTIVITY IS NOT ASSOCIATED TO THE BODY MASS INDEX  

Given that there is ongoing discussion on the link of obesity and allergy we tested this 

relation by linear regression of the body-mass index (BMI) in our study group likewise. As 

shown in Figure 12 we could not find a significant interrelation between auto-IgE reactivity 

towards skin-proteins and the BMI in our study population. In addition we analyzed 

whether there is a difference between patients showing a positive auto-IgE (factor ≥1) 

reactivity against skin and those who do not show auto-IgE reactivity (factor <1) (data not 

shown) and again we analyzed the different age-classes (0 - 5 y, 6 -12 y, 13 – 18 y and 

adults), again all sub-analyses revealed in the same result of no correlation between the 

two factors (data not shown).  
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4.2.3. IGE-AUTOIMMUNITY REVEALS NO GENDER SPECIFICITY    

Since long the effects of certain hormones, especially estrogens, in females are discussed 

to play an active role in allergic predisposition and allergic disease in women, we focused 

one part of our analysis on the gender differences in auto-IgE occurrence and reactivity. 

Figure 13 depicts a boxplot for all male and female auto-IgE reactivity towards skin 

proteins and shows no substantial difference in both groups. In addition we conducted the 

analysis for males and females classified for age (0 - 5 y, 6 -12 y, 13 – 18 y and adults) 

without any gender difference in the subgroups (data not shown). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 13: Boxplots representing the IgE-autoreactivity against 
proteins from primary keratinocytes in males and females depict no 
gender specific difference. 
The y-axis shows the auto-IgE reactivity calculated by the normalized cut-
off. Patients showing a reactivity ≥ 1 are categorized as positive/reactive 
without any difference between males and females p=0.157. 
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4.2.4. THERE ARE NO EVIDENCES FOR DIFFERENT AUTO-IGE REACTIVITY IN ATOPIC ECZEMA WITH HIGH 

OR LOW TOTAL IGE IN SERUM 

Moreover we assessed the difference of IgE autoimmunity in atopic eczema with high 

(extrinsic) and low (intirinsic) total serum IgE. The cut-off for total IgE in serum to classify 

intrinsic AE was set at <125 kU/L, we did not evaluate the presence of specific IgE for 

environmental and food allergens, due to absent information in the medical records. 

Although there are differences in IgE reactivity against skin proteins, mainly in the age 

group of 6 – 12 years (p=0.03) the evaluation of this analysis is limited due to the low 

number of patients in each single group [ 

 

Table 12].  

Since there is no consistent classification for the distinction of both types of atopic eczema, 

the analysis was additionally conducted for several cut-offs for total serum IgE mentioned 

in the literature (100 kU/L, 150 kU/L, 200 kU/L). There was no difference between the 

analysis of 100 kU/L and 125 kU/L, the other two analyses for 150 and 200 kU/L revealed 

very similar results, but no significant difference in the age group 6 – 12 years. In 

conclusion we could not confirm any differences for auto-IgE autoimmunity between 

intrinsic and extrinsic AE. 

 
 
Table 12: Numbers of patients in each group for the 
 analysis of IgE-autoimmunity in intrinsic and extrinsic AE. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Age class [n] Intrinsic AE 

[n] 

extrinsic AE 

[n] 

0 – 5 years 12 4 8 

6 – 12 years 12 9 3 

13 – 18 years 16 11 5 

adults 65 27 38 
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Figure 14: IgE auto-reactivity shows no difference between patients having lower levels (<125 
kU/L) and higher levels (>125kU/L) of total serum IgE . 
No differences could be observed for AE with high and low levels of total serum IgE. 0-5 yrs: n=21, 6-12 
yrs: n=27, 13-18 yrs: n=11, adults: n=46. 

 

 

 

 

 

 

 

 

 

 

 

 

We could confirm all results for the mentioned diagnostic and clinical parameters by 

screening the GINI/LISA birth cohorts [Table 14]. Hence, there is no correlation of auto-IgE 

and the total amount of serum IgE, neither for SCORAD nor BMI; furthermore any gender 

difference could be proven in both screened birth cohorts.  

Due to absent information of the duration of atopic eczema in numerous medical records, 

it was not possible to conduct a significant analysis on the impact or relation of auto-IgE 

and the duration of disease.  
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4.2.5.  QUANTITY AND EXTENT OF AUTO-IGE REACTIVITY IN CHILDREN TOWARDS SKIN IS HIGHLY 

PRONOUNCED COMPARED TO ADULTS 

 

The study group of AE-patients  comprised a wide distribution of age (10 month to 81 

years) for which reason we classified all subjects into four age categories (0 – 5 y, 6 – 12 y, 

13 – 18 y and adults) to analyze their auto-IgE reactivity towards skin derived proteins.  

Figure 15 depicts the percentage of reactive (cut-off ≥1) subjects in each age group. 

Unexpectedly we revealed a rather high percentage of reactive young children compared 

to adults.  

 

 

 

Moreover, we conducted a correlation analysis of age and IgE-reactivity by linear 

regression analysis as shown in Figure 16. We obtained a significant correlation R² = 0.113, 

p=0.00027 for both sexes that implies less and decreasing auto-IgE reactivity in adults 

[Figure 16A]. In addition we investigated the same analysis stratified for sex to investigate a 

potential difference in males and females as shown in Figure 16B. As the distribution of the 

data differs between the two groups we restricted the analysis until an age of 50. The 

decrease with age is slightly different between males (adj.R²=0.082, p=0.032) and females 

(adj.R²=0.087, p=0.022).  The analysis for both sexes until an age of 50 years analog to 

Figure 16A shows only slight differences (adj.R²=0.102, p=0.00098) to the analysis until 80 

years.  

Figure 15: Auto-IgE reactivity against skin derived proteins in 
children shows higher quantity and reactivity compared to adults. 
Patients were classified for age, the percentage of reactive subjects (cut-off 
≥1) are depicted in the bargraph. The higher extent of IgE-autoreactivity 
against skin derived proteins is shown, that is higher in children compared 
to adults. 
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Figure 16: Auto-IgE reactivity decreases significantly with increasing age, as well for males 
and females. 
Atopic eczema patients were taken for the correlation analysis by linear regression. [A] shows the 
regression for all patients 0 – 81 yrs (adj. R²=0.113 p=0.0003). Whereas in [B] the analysis was 
created for males (R²=0.082, p=0.032) and females (R²=0.087, p=0.022) separately. Whereat 
auto-IgE reactivity of  ≥1 is classified as positively self-reactive. Data are shown with CI= 95%. 
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4.3. CHARACTERIZATION AND ANALYSIS OF SERA OF BIRTH COHORTS GINI/LISA  

To investigate and approve the higher percentage and extent of IgE-autoreactivity in 

children, as described in 0, in more detail we investigated 2861 children out of the two 

German birth cohorts  GINI (German Infant Nutritional Intervention birth cohort) and LISA 

(Influence of Lifestyle-related Factors on the Immune System and Development of Allergies in 

Childhood). Table 13 itemizes the characteristic of the mixed study population that was 

screened for IgE-autoreactivity in serum towards skin (extracted from HaCaT cell line) 

and lung/ bronchia derived cell proteins (NHBE cells). The results of the GINI and LISA 

birth cohorts were done in cooperation with Dr. Elisabeth Thiering and Dr. 

JoachimHeinrich from the Institute for epidemiology I from the Helmholtz Zentrum. 

 

Table 13: Study population characteristic of children from the combined GINI and LISA cohort screened for 
auto-reactive IgE in serum.   

Screened GINI/ LISA cohort (10 yrs.)  n  2861  

sex (male/ female) n (%)  1459 (51)/ 1402 (49)  

Bad Honnef n (%)  150 (5.2)  

Leipzig n (%)  284 (9.9) 

Munich n (%)  1575 (55.1) 

Wesel n (%) 852 (29.8) 

Age mean (sd)  10.2 (0.2)  

BMI mean (sd)  17.4 (2.5)  

RAST inhalants n (%) 1128 (39.5)  

RAST food n (%) 531 (18.6)  

Diagnosis   

asthma  

hay fever  

eczema  

n (%) 

n (%) 

n (%) 

109   (3.9) 

247   (9.0) 

138  (5.0) 

 

4.3.1. CONFIRMATION IN SAMPLES OF THE GINI/LISA BIRTH COHORTS THAT DIAGNOSTIC AND 

CLINICAL PARAMETERS DO NOT CORRELATE WITH IGE-AUTOREACTIVITY  

To confirm the non-relation of auto-IgE and common clinical and diagnostic parameters 

specific for allergy and atopy verified in the AE-patient group (also refer to chapter: 4.2.1.1 

to 4.2.4), we analyzed these parameters likewise for the GINI/LISA sera. As itemized in 

Table 14 there is hardly any difference of the level of total serum IgE in auto-reactive and 

non-reactive children. Shown is the percentage of auto-reactive and non-reactive children 

for auto-IgE reactive against skin and lung derived proteins classified for the three set cut-

offs. Regarding the increasing cut-off for skin autoreactivity, children showing very high 
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autoreactivity (3. cut-off) have significantly higher total IgE (p = 0.039), whereas this could 

not be shown for less skin-autoreactivity nor for lung-reactivity. Neither the BMI nor 

SCORAD showed any relation to auto-IgE reactivity. Furthermore we confirmed that no 

gender difference in IgE-autoreactivity can be observed or between atopic eczema 

patients with lower total serum IgE (<125 kU/L, intrinsic AE) and high total serum IgE 

levels (>125 kU/L, extrinsic AE). 

 

Table 14: Total IgE level, sex or BMI showed no relation to auto-IgE reactivity towards skin and lung 
derived proteins.  
Listed are the percentages of auto-reactive and non-reactive children for each parameter. Since there is no 
significant difference, we conclude no relation for auto-IgE and any of the listed parameters for children in the 
tested cohorts. 

    

IgE-autoreactivity skin                           
[reactive/ non-reactive] 

 

IgE-autoreactivity lung                           
[reactive/ non-reactive] 

 

  
n 1. cut-off                     2. cut-off  3. cut-off    1. cut-off                     2. cut-off  3. cut-off    

total IgE [%]                                  
625 

47.0/49.3 30.1/33.4 19.8/23.7 45.1/47.5 29.8/31.2 20.2/22.4 

p=0.340 p=0.121 p=0.039 p=0.294 p=0.540 p=0.252 

Total IgE  
[OR( 95 % 
CI)] 

625 

1.12            
(0.93-1.36) 

1.20        
(0.98-1.46) 

1.25     
(0.99-1.56) 

1.08                 
(0.90-1.31) 

1.04    
(0.85-0.28) 

1.15     
(0.92-145) 

p=0.228  p=0.077  p=0.055  p=0.408  p=0.688  p=0.216  

sex 
(female/mal
e) [%]                     2861 

46.8/48.1 30.0/31.5 19.3/21.9 45.6/45.5 29.9/30.3 20.1/21.2 

p=0.502 p=0.408 p=0.085 p=0.971 p=0.843 p=0.511 

BMI  
[OR( 95 % 
CI)] 2861 

1.00           
(0.97-1.04)  

1.01           
(0.98-1.05)  

1.02           
(0.98-1.06)  

1.05           
(1.01-1.08)  

1.01           
(0.98-1.05)  

1.02           
(0.98-1.06)  

 p=0.802  p=0.433  p=0.312  p=0.007  p=0.395  p=0.363 

 

4.3.2. REDUCED AUTO-IGE REACTIVITY IN CLINICAL RELEVANT ATOPIC DISEASE COMPARED TO 

INDIVIDUALS WITH SENSITIZATION ONLY  

Preceding analyses of IgE autoreactivity in patients sensitized for perennial, seasonal or 

food allergens indicated distinct auto-IgE reactivity patterns (BECK 2012). At the 10-year 

follow up of the two birth cohorts GINI/ LISA, data for specific IgE were collected. The 

analyzed specific IgE (sIgE) levels include the most common food allergens (fx5) and 

inhalant allergens (sx1) and were measured by RAST/FIA. We first calculated percentages 

of sensitized children that show auto-IgE reactivity towards skin and lung. The first row of 

Table 15 depicts the percentage for children with and without food sensitization, the 

second row children with and without sensitization for aeroallergens, each stratified for 

the increasing cut-off. Children who are sensitized to food-allergens show statistically 

significant higher quantity in their IgE auto-reactivity towards lung and skin that stays 
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consistent with increasing cut-off, whereas children with sensitization for inhalant 

allergens show IgE-autoreactivity towards lung derived proteins exclusively.  

 

Table 15: Percentage of children with auto-IgE stratified for the different cut-off, with food or inhalant 
allergen sensitization. 
Shown is the percentage of non-sensitized and sensitized children (no/yes) for food-allergens (fx5) and 
inhalant allergens (sx1) and the calculated p-value. Total number of children who were analyzed for fx5 and 
sx1 are given (n). 

 

 

In order to overcome the impact of potential confounders a logistic regression was 

performed and adjusted for sex, study, city, age, BMI, parental education and parental 

atopy as shown in the two forest plots Figure 17 A (skin) and Figure 17B (lung). Figure 17 

shows the association of skin autoreactivity and sensitization to inhalant allergens (upper 

part) and food allergens (lower part). The calculated OR is depicted as diamond with the 

according 95 % confidence interval. The dotted line indicates the OR = 1.0 that represent 

no association and therefore no higher/ lower risk to develop auto-IgE reactivity or 

sensitization. Children that are sensitized towards aeroallergens show slightly higher but 

not significant OR for autoreactivity. Whereas the sensitization to food allergens shows a 

significant higher auto-IgE reactivity, the risk increases with rising cut-off, suggesting an 

increasing association between sensitization and increasing auto-IgE reactivity (OR(95 % 

CI) 1.cut-off: 1.86(1.52-2.27), p>0.001; 2.cut-off: 2.09(1.7-2.57), p<0.001; 3.cut-off: 2.14(1.71-

2.68)p<0.001), 

The relationship between auto-IgE reactivity towards lung and sensitization to 

aeroallergens (upper part) and food allergens (lower part) is depicted in Figure 19. 

Actually both groups of allergens show an association that is again rising with increasing 

autoreactivity. A sensitization equal to inhalant and food allergens shows an increase in 

auto-IgE reactivity towards lung derived proteins, interesting here is that inhalant 

allergens have an effect on lung autoreactivity exclusively. (OR(95 % CI) food sensitization: 

1.cut-off: 1.74(1.42-2.12), p>0.001; 2.cut-off: 1.90(1.55-2.33), p<0.001; 3.cut-off: 2.18(1.75-

2.73)p<0.001) 

Sensitization  IgE autoreactivity skin IgE autoreactivity lung 

  
n 1. cut-off                     2. cut-off  3. cut-off    1. cut-off                     2. cut-off  3. cut-off    

food allergen (fx5)                          
( no/yes) [%] 

 
45.1/58.2 28.0/43.1 18.3/31.1 43.3/55.7 27.7/40.7 18.3/30.9 

2328 p<0.001 p<0.001 p<0.001 p<0.001 p<0.001 p<0.001 

inhalant allergen 
(sx1) ( no/yes) [%] 

 

46.4/49.1 29.5/32.8 19.8/22.0 43.9/48.2 28.5/32.5 19.3/22.8 

1731 p=0.175 p=0.069 p=0.164 p=0.026 p=0.025 p=0.028 
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Inhalant allergen sensitization: 1.cut-off: 1.18(1.00-1.38), p<0.005; 2.cut-off: 1.21(1.02-1.44), 

p<0.005; 3.cut-off: 1.26(1.04-1.53)p<0.005). 
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Figure 17: Sensitization towards aeroallergens predisposes lung autoreactivity only, whereas sensitization towards food allergens predisposes lung and skin 
autoreactivity. 
The forest plot shows the results of a logistic regression model. The odds ratio (OR) is depicted as a black diamond and the according 95 % confidence intervall (CI) for skin 
[A] and lung [B] IgE-autoreactivity. The model was adjusted for sex, study, city, age, BMI, parental education, parental atopy. 
A sensitization towards inhalant allergens shows a positive association both for skin [A, upper forest plot] and lung [B, lower forest plot] but only the association to lung 
autoreactivity is significant (p<0.005). In contrast a sensitization towards food allergens is positively associated with IgE-autoreactivity towards akin [A] and lung [B]. 
Children sensitized towards inhalant allergens n = 1731 and food allergens n = 2328. 
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Furthermore we conducted continuative analyses for each single allergen enclosed in fx5 

and sx1 as shown in Figure 18 and Figure 19. In order to point out a dose-response of the 

association between higher auto-IgE reactivity (id est increasing cut-off) and the 

sensitization for the single allergens, each image illustrates the OR and the attendant 95 % 

CI using a forest plot. Each single allergen is named on the left, the cut-offs are one below 

the other. Again we performed a logistic regression and adjusted the model for sex, study, 

city, age, BMI, parental education and parental atopy as potential confounder. A dose-

response is defined as the OR rises with increasing cut-offs as the “risk” of autoreactivity 

gets higher with sensitization. This observation is even more distinct when the p-value 

decreases with the rising OR.  

Figure 18 illustrates the analyses for each single allergen contained in the allergen-mixture 

of fx5 (ovalbumin, milk protein, flour, codfish, peanut, soybea) and the combination of 

those (fx5). Each allergen and its three cut-offs is shown in one color, as the diamond 

depicts the OR and the bars the 95 % CI. A sensitization towards single allergens is 

analyzed only if the patient showed a positive reactivity in the test towards the allergen 

mix sx1 or fx5. Anyhow, a positive test reaction towards those mixed allergens is possible 

both if a sensitization towards single allergens exists and when the patient shows a 

multiple sensitization towards several allergens out from the mixture. In case of a positive 

sx1 or fx5 testing the serum was analyzed for its reactivity towards each single allergen. 

Figure 18 shows the association of auto-IgE reactivity towards skin [Figure 18a] and lung 

[Figure 18b] and the sensitization towards food allergens. Further the analysis of the test of 

sensitization in the combined mixture of all food allergens (fx5; ovalbumin, milk protein, 

codfish, flour, peanut, and soybean). As shown already before there is an association 

between the sensitization to food (fx5 -Figure 17) and auto-IgE reactivity to skin and lung. 

A positive test reaction to fx5 shows a significant dose-response as the OR rises 

significantly with the height of auto-IgE reactivity as well for skin- (OR (95 %CI); 1. cut-off 

1.86(1.52-2.27), p<0.001, 2. cut-off 2.09 (1.70-2.57), p<0.001; 3. cut-off 2.14(1.71-2.68), 

p<0.001) and lung reactivity (OR (95 %CI); 1. cut-off 1.74(1.42-2.12), p<0.001, 2. cut-off 1.90 

(1.55-2.33), p<0.001; 3. cut-off 2.18(1.75-2.73), p<0.001). For skin autoreactivity the 

sensitization to codfish shows a very strong and significant association between the 2. and 

3. cut-off and a dose-response as the OR rises with increasing cut-off. Even for lung 

reactivity we calculated a very high association with codfish sensitization, the 2. cut-off 

shows a relation that is not significant; therefore there is no significant dose-response.  
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Codfish/ skin: (OR (95 %CI); 1. cut-off 2.44(0.91-6.51), p=0.075, 2. cut-off 3.69 (1.43-9.52), 

p=0.007; 3. cut-off 3.74 (1.39-8.68), p=0.008) and lung (OR (95 %CI); 1. cut-off 3.48(1.24-

6.51), p=0.018, 2. cut-off 2.09 (0.84-5.20), p=0.114; 3. cut-off 3.61(1.45-9.01), p=0.006) 

Moreover, a strong association and dose-response relation was observed for sensitization 

to milk proteins in both skin and lung IgE-autoreactivity. Milk protein/ skin: (OR (95 %CI); 

1. cut-off: 3.49(2.40-5.09), p<0.001, 2. cut-off: 4.01 (2.84-5.65), p<0.001; 3. cut-off:  4.33(3.08-

6.08), p<0.001) andlung (OR (95 %CI); 1. cut-off: 4.43(3.00-6.54), p<0.001, 2. cut-off: 4.72 

(3.33-6.68), p<0.001; 3. cut-off:  4.92(3.51-6.90), p<0.001).  

A sensitization to ovalbumin (OVA) shows a dose-response for skin reactive children as 

the OR rises significantly from cut-off 1 (reactive children) to cut-off 2 (high reactive 

children), however the OR for cut-off 3 stagnates on the level of the first. There is no dose-

response for lung autoreactivity as the OR rises not over the three cut-offs. Anyhow there 

is a strong association between OVA-sensitization and auto-IgE reactivity for both cell 

types; skin (OR (95 %CI); 1. cut-off: 1.87(1.29-2.71), p<0.001, 2. cut-off: 1.97 (1.36-2.84), 

p<0.001; 3. cut-off:  1.84(1.24-2.73), p<0.001) and ung (OR (95 %CI); 1. cut-off: 1.82 (1.26-

2.63), p=0.002, 2. cut- off: 1.61(1.11-2.34), p=0.011; 3. cut- off: 1.82(1.82-2.71), p=0.003).  

For flour finds a dose-response from the 2. cut-off (high reactivity) to the 3. cut-off (very 

high reactivity), for the first two cut-offs the risk is the same OR: 1.37 (skin (OR (95 %CI); 1. 

cut- off: 1.37(1.05-1.79), p=0.020, 2. cut- off: 1.37 (1.04-1.80), p=0.026; 3. cut-off: 1.49(1.10-

2.02), p=0.009)). The same for lung reactivity the OR rises with rising cut-offs but shows 

only for very high reactive children a significant association, hence there finds no 

significant dose-response for a sensitization to flour and auto-IgE reactivity in lung. The 

sensitization to peanut and soybean shows no significant dose-response, and no 

significant association to auto-IgE reactivity [Figure 18] 
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Figure 18: Single food allergens provoke a dose-response in auto-IgE reactivity against skin [A] and lung [B]. 
The forest plot shows the results of a logistic regression model. The OR is depicted as colored diamonds with the according 95 % CI. Each allergen and the three according cut-offs 
are depicted in one color. The model was adjusted for sex, study, city, age, BMI, parental education, parental atopy. Fx5 is the mixture of all analyzed food allergens and was tested 
likewise. Positive fx5 reactivity shows a positive significant dose-response as the OR rises with increasing cut-off for skin and lung. A sensitization towards codfish reveals in a 
high dose-response in skin (that is significant for the 2nd and 3rd cut-off). A sensitization towards milk proteins reveals an even higher dose-response and association to auto-IgE 
reactivity that is significant for both skin and lung. A sensitization to ovalbumin is as well significantly associated with a lower dose-response as the OR rises with the 1. and 2. cut-
off, the 3.cut-off however stagnates in the skin analysis. There is no dose-response for lung autoreactivity but a significant association. Likewise for a sensitization to flour as the 
OR rises from 2. to 3. cut-off in skin analysis and in lung analysis only the „very high reactive“ children show a positive association.  
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The design of Figure 19 (A: skin reactivity, B: lung reactivity) is the same as described 

for  

Figure 18 but analyzed for aeroallergens and the mixture of aeroallergens (sx1; grass 

pollen, rye pollen, mugwort pollen, birch pollen, Cladosporium herbarum (C. herbarum), 

House dust mite (HDM, Derp1), cat, dog and mugwort pollen). Each allergen with the three 

cut-offs of auto-IgE reactivity is shown in one color, as the diamond depicts the OR and the 

bars the 95 % CI. Figure 19A shows the association on lung autoreactivity,   m mon skin 

autoreactivity.  

The analysis of reactivity against the allergen mixture of aeroallergens (sx1, next to last 

row, orange diamonds) actually depicts a dose-response for autoreactivity towards lung 

and sx1 sensitization as the OR rises slightly and the p-value decreases with increasing 

auto-IgE reactivity (OR(95 % CI); 1. cut-off 1.18(1.00-1.38), p=0.045, 2. cut-off 1.21 (1.02-

1.44), p=0.029; 3. cut-off 1.26(1.04-2.53), p=0.019) [ 

Figure 19A]. The same analysis for skin autoreactivity reveals no dose response as the 

association between the 2. cut-off of auto-IgE reactivity and sx1-testing is significant only 

(p= 0.02) and the OR is not rising with increasing auto-IgE reactivity [ 

Figure 19A, orange diamonds]. Further we see a dose-response of patients sensitized against 

house-dust mite (HDM) as the OR rises with increasing auto-IgE reactivity (OR(95 % CI); 1. 

cut- off: 1.2(0.99-1.45), p=0.06, 2. cut- off: 1.25 (1.02-1.52), p=0.03; 3. cut- off: 1.31(1.05-

1.64), p=0.016), [ 

Figure 19A, light green diamonds]. The analysis for HDM sensitization and skin reactivity 

reveals a dose-response that is not significant [ 

Figure 19A], light green diamonds]. Any other of the analyzed single allergen shows neither a 

positive dose-response nor any significant association for IgE autoreactivity against lung. 

Figure 19B depicts further a minor dose-response for skin autoreactivity and mugwort 

sensitization (first row, violet diamonds), (OR(95 % CI); 1. cut-off 1.25(0.99-1.58), p=0.056, 

2. cut-off 1.33 (1.05-1.70), p=0.019; 3. cut-off 1.34(1.02-1.75), p=0.032) [Figure 19B]. No other 

single allergen sensitization shows a dose-response with skin autoreactivity.
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Figure 19: Sensitization to house-dust mite provoke a dose-response in auto-IgE reactivity against lung autoreactivity. 
The forest plot shows the results of a logistic regression model testing the association between skin-[A] and lung [B] autoreactivity and the sensitization to aeroallergens. The OR 
is depicted as colored diamonds with the according 95 % CI. Each allergen and the three according cut-offs are depicted in one color. The model was adjusted for sex, study, city, 
age, BMI, parental education, parental atopy. Sx1, as the mixture of all tested aeroallergens shows slight dose-response in the lung analysis as the OR rises with increasing 
reactivity or cut-off respectively. This effect cannot be shown for skin-autoreactivity. There is only one allergen leading to a dose-response by oneself. A sensitization to house-dust 
mite (HDM) leads to increasing OR with the rising cut-off and a decreasing p-value that could not be shown for skin. Any other aeroallergen sensitization does not lead to 
significant association or dose-response whether in skin nor in lung.  
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Furthermore we investigated whether any kind of clinical manifestation of atopy is 

associated with a higher of IgE-autoreactivity towards skin or lung cell proteins. Against 

our expectations an adjusted logistic regression model revealed no association of IgE-

reactivity and clinical manifestations of atopic disease (allergic asthma, allergic 

rhinoconjunctivitis, atopic eczema, or IgE-mediated food allergy). Data on children´s 

health and atopy were collected by using repetitive parent-completed questionnaires 

every six months during the first two years of age and later at age 4, 6 and 10 years. 

The upper part of Table 16 and Table 17 display all medical diagnosed atopy in the last 12 

months at age 10. Column three shows the number (n) and percentage (%) of children 

who were diagnosed with the listed atopy form or not (no/ yes). The following columns 

illustrate the OR and the 95 % confidence interval calculated for each cut-off and the 

accompanied strength of reactivity.  

The lower part of each table illustrates a more detailed analysis on atopic diagnosis 

(asthma, eczema, hay fever/rhinitis and food allergy) as we determined the frequency of a 

given “Yes” in the questionnaires for each single child and diagnosis over ten years of data 

collection.  

Here we excluded data sets of children when data more than four times were not 

applicable (n.a.). The combination of “No” diagnosed atopy and of 1-4 times “n.a.” data 

were analyzed separately, likewise as 1times, 2-3 times and ≥4 times the answer “Yes” for 

diagnosed atopy. 

Table 16 shows the association between auto-IgE reactivity towards skin cell proteins and 

the clinical manifestation of atopy. The general analysis revealed no association between 

auto-IgE reactivity and asthma or food allergy. For eczema we investigated a significant 

lower chance to develop very high autoreactivity when eczema was answered with one 

time “Yes” and with greater or equal four times “Yes” for a reactivity that exceeds the 

lowest cut-off. A significant higher risk was shown in one case (2-3x “Yes”) for hay fever/ 

rhinitis. Anyhow, there is no observable consistent pattern of an association of both 

parameters. 

Likewise we investigated the association for auto-IgE reactivity towards lung derived 

proteins [Table 17]. As in Table 16, isolated models for eczema show a significantly reduced 

risk to develop autoreactivity against lung and a higher risk for hay fever/rhinitis for IgE-

autoreactivity. Nevertheless, there is no consistent association between autoreactivity and 

the clinical manifestation of atopy identifiable. Additionally we analyzed any other disease 

that was given as free text in the questionnaires without any association to autoreactivity 

(data not shown). 
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Table 16: The clinical manifestation of atopic diseases in children is not associated with auto-IgE 
reactivity against skin derived proteins. 
The upper part of the table shows the OR(95 % CI) of increasing auto-IgE reactivity in children with (atopic) 
symptoms as allergic asthma, hayfever, atopic eczema or food allergy or non-IgE mediated diseases including 
obstructive bronchitis, bronchitis and pneumonia. We did not find any association between the selected 
symptoms and auto-IgE reactivity. The lower part is more detailed as we categorized for the frequency of a 
given yes for asthma, eczema, hayfever/rhinitis and food allergy. But even with this more detailed 
categorization we could not find any association of any of the analyzed symptom and auto-IgE reactivity. 
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Table 17: The clinical manifestation of atopy in children is not associated with auto-IgE reactivity against lung 
derived proteins. 
As in table 12, the upper part of the table shows the OR(95 % CI) of the increasing auto-IgE reactivity in children 
with (atopic) symptoms allergic asthma, hayfever, atopic eczema or food allergy or non-IgE mediated diseases 
including obstructive bronchitis, bronchitis and pneumonia. We did not find any association between the selected 
symptoms and auto-IgE reactivity. The lower part is more detailed as we categorized for the frequency of a given 
yes for asthma, eczema, hayfever/rhinitis and food allergy. For children whose parents answered 2-3x with “Yes, 
hayfever/rhinitis was diagnosed” we calculated higher auto-IgE reactivity or a higher chance to develop auto-IgE or 
vice versa. But there are no evidences for eczema or asthma.  
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4.3.3.  PARENTAL ATOPY IS NEGATIVELY ASSOCIATED WITH THE AUTO-IGE REACTIVITY OF THEIR 

CHILDREN 

In addition we analyzed the impact of parental atopy on their children´s autoreactivity. 

The analysis was performed for parental “atopy”, “asthma”, “hay fever” and “eczema” 

[Table 18] for autoreactivity towards lung and skin [Table 19, Table 20]. Table 19 shows the 

percentage of autoreactive children of parents with atopy, the p-values were calculated by 

a χ²-test. To investigate whether there is an association, due to the significance of the χ² 

we performed again an adjusted logistic regression [Table 20]. Parental atopy revealed a 

significant lower OR for skin-autoreactivity (OR(95 % CI)  1.cut-off: 0.85(0.72-1.00), 2.cut-

off: 0.83(0.69-0.99), 3.cut-off: 0.81(0.66-0.99) and for lung autoreactivity (OR(95 % CI) 

1.cut-off: 0.82(0.70-0.97), 2.cut-off: 0.77(0.65-0.93), 3.cut-off: 0.82(0.67-1.00). In a more 

detailed analysis according to disease subclasses, children whose parents were food 

sensitized had an increased risk to develop IgE reactivity towards skin (OR(95 % CI)  1.cut-

off: 1.71(1.38-2.13), 2.cut-off: 1.91(1.52-2.39), 3.cut-off: 2.2(1.72-2.81) and lung (OR(95 % 

CI) 1.cut-off: 1.88(1.51-2.34), 2.cut-off: 2.16(1.72-2.70), 3.cut-off: 2.25(1.75-2.88). Parental 

sensitization to inhalant allergens revealed no association to auto-IgE reactivity. 

 

Table 18: Number and percentage of children whose parents  
suffer from atopy or atopic symptoms as asthma, hayfever or eczema. 

 

 

 

 

 

 

 

 

 

 

 

 

 

medical diagnosis   n (%) 

parental atopy yes 1667 (59.8) 

parental asthma yes 453 (16.1) 

parental hayfever yes 1464 (52.9) 

parental eczema yes 489 (17.4) 
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Table 19: Percentage of autoreactive children whose parents are atopic. 
We performed a χ²-test to test the hypothesis whether children of atopic parents show higher auto-IgE. 
Actually, children whose parents indicate suffering from atopy show a significant χ²-test, p=0.028/ p=0.012 
(first row), further parental hayfever results in a significant calculation.  
 In a second step we investigated whether there finds an association due to the significance of the χ²-test as 
shown in Table 20. 

. 

 

 

Table 20: Parental atopy is negatively associated with auto-IgE reactivity towards skin and lung in 
their children. 
Children whose parents indicate being atopic show lower auto-IgE reactivity as the OR, calculated by a logistic 
regression of an adjusted model (adjusted for: sex, study, city, age, BMI, parental education) is significantly 
reduced (OR=0.81- 0.85, first row). On the contrary, children whose parents are food sensitized (fx5) show a 
significant higher OR (skin: 1.71-2.2, lung: 1.88-2.25), as a parental food sensitization is positively associated 
with IgE autoreactivity in their children. However, there is no association when parents are sensitized towards 
inhalant allergens (sx1). 

 

 

 

target organ medical diagnosis 1. cut-off  [%] 2. cut-off [%] 3. cut-off [%] 

Skin 

parental atopy 
[no/yes] 

50.1/45.8 33.7/29.1 22.0/19.6 

p=0.028 p=0.012 p=0.145 

parental asthma 
[no/yes] 

48.1/44.8 31.4/28.3 21.2/17.4 

p=0.219 p=0.210 p=0.078 

parental hay fever 
[no/yes] 

49.3/45.9 32.9/29.2 20.8/20.4 

p=0.076 p=0.039 p=0.787 

parental eczema 
[no/yes] 

48.1/45.2 31.5/28.6 21.3/17.8 

p=0.271 p=0.239 p=0.093 

Lung 

parental atopy 
[no/yes] 

46.5/44.9 31.6/29.2 22.1/19.7 

p=0.414 p=0.191 p=0.152 

parental asthma 
[no/yes] 

46.1/43.0 30.9/26.3 21.3/17.7 

p=0.246 p=0.054 p=0.090 

parental hayfever 
[no/yes] 

45.9/45.2 30.7/29.8 21.2/20.4 

 p=0.748 p=0.677 p=0.605 

parental eczema 
[no/yes] 

45.7/46.2 30.7/28.0 21.3/18.2 

p=0.881 p=0.266 p=0.145 

logistic regression adjusted model 

target 
organ 

medical diagnosis 
1. cut-off  

[OR(95 % CI)] 
2. cut-off  

[OR(95 % CI)] 
3. cut-off  

[OR(95 % CI)] 

Skin 

parental atopy 
0.85(0.72-1.00) 0.83(0.69-0.99) 0.81(0.66-0.99) 

p=0.055 p=0.044 p=0.04 

Food sensitization (Fx5) 
1.71(1.38-2.13) 1.91(1.52-2.39) 2.2(1.72-2.81) 

p<0.001 p<0.001 p<0.001 

Inhalant sensitized (sx1) 
1.05(0.88-1.25) 1.04(0.83-1.21) 0.98(0.79-1.22) 

P=0.57 p=0.97 p=0.88 

Lung 

parental atopy 
0.82(0.7-0.97) 0.77(0.65-0.93) 0.82(0.67-1.0) 

p=0.02 p=0.005 p=0.005 

Food sensitization (fx5) 
1.88(1.51-2.34) 2.16(1.72-2.70)  2.25(1.75-2.88) 

p<0.001 p<0.001 p<0.001 

Inhalant sensitized (sx1) 
1.0(0.84-1.19) 0.99(0.82-1.20) 0.89(0.71-1.11) 

p=0.97 p=0.95 p=0.286 
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4.3.4.  INFANTILE GENERATION OF AUTO-IGE ANTIBODIES OCCURS PHYSIOLOGICALLY IN HEALTHY 

CHILDREN 

The analysis of the occurrence of auto-IgE in our age stratified study population revealed a 

high quantity and extent of auto-IgE antibodies in young children, raising the question if 

this enormous appearance of autoreactive IgE is physiologic. To analyze a physiologic 

occurrence of auto-IgE a healthy population is needed, that was valid in the GINI/LISA 

cohort. For the use in our study we combined sera from the two birth cohorts GINI and 

LISA. 

To calculate whether healthy children generate autoreactive-IgE we performed a 

calculation of the percentage of reactive and non-reactive children for skin- and lung-

reactivity for each cut-off [Figure 20, Figure 21]. In both figures each row is a new 

calculation we subtracted all children whose parents ever referred to asthma (2nd row), 

eczema (3rd row), hayfever/rhinitis (4th row) and food allergy (5th row) successively from 

all screened children ( n = 2861), each done for the calculated cut-offs (1. cut-off (1-fold), 

2. cut-off (1.5-fold), 3. cut-off (2-fold) each in one column). The first row shows all children 

(healthy and diseased) and the difference of reactive and non-reactive subjects. The first 

column shows the lowest cut-off, hence the lowest auto-IgE reactivity in children. There is 

no difference between the number of autoreactive and non-autoreactive children, 

certainly with the rising IgE autoreactivity, hence the rising cut-off, the number of reactive 

children decreases.  

The last row shows the remaining healthy children exclusively; here never any disease 

was mentioned in the questionnaires. The comparison of the percentage of healthy 

children showing autoreactivity (49.5 %, last row) with the percentage of all children 

(47.5 %, first row) reveals no difference; hence the occurrence of autoreactivity towards 

skin [Figure 20] and lung [Figure 21] is comparable in healthy and diseased children. 

Expectedly the proportion of reactive children declines with higher cut-offs as we 

increased the threshold with those. 
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Figure 20:Auto-IgE is generated physiologically in healthy children. 
We performed a calculation of the percentage of skin reactive and non-reactive children for each of 
the calculated cut-off, that is represented in columns in the  figure. The first row displays all children 
analyzed for auto-IgE (healthy and diseased). In each of the following rows we subtracted children 
with asthma (2nd row), eczema (3rd row), hayfever/rhinitis (4th row) and food allergy (5th row). The 
last row contains only healthy children and its auto-IgE reactivity towards skin dervied proteins. The 
comparison of reactive healthy children 49.5 % (last row) and the percentage of all children (47.5%, 
first row) reveals no difference, suggesting the occurrence of auto-IgE towards skin is comparable in 
healthy and diseased children. As  expected the proportion of reactive children declines with the 
rising cut-off, as we increased the threshold with those. 
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Figure 21: Auto-IgE is generated physiologically in healthy children. 
We performed a calculation of the percentage of lung reactive and non-reactive children for each of the 
calculated cut-off, that is represented in columns in the  figure. The first row displays all children 
analyzed for auto-IgE (healthy and diseased). In each of the following rows we subtracted children 
with asthma (2nd row), eczema (3rd row), hayfever/rhinitis (4th row) and food allergy (5th row). The 
last row contains only healthy children and its auto-IgE reactivity towards skin derived proteins. The 
comparison of reactive healthy children 49.5 % (last row) and the percentage of all children (47.5%, 
first row) reveals no difference, suggesting the occurrence of auto-IgE towards skin is comparable in 
healthy and diseased children. As  expected the proportion of reactive children declines with the rising 
cut-off, as we increased the threshold with those. 
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4.3.5.  EVIDENCES FOR A PROTECTIVE ROLE OF AUTOREACTIVE IGE IN EARLY CHILDHOOD 

Our results show that autoreactive IgE in children is generated physiologically. 

Furthermore there are results that indicate less auto-IgE reactivity in children having 

eczema. To verify and confirm these finding we calculated these data in a more detailed 

and stringent statistic model. 

First we calculated whether eczema and asthma, each stratified for allergic (extrinsic) and 

non-allergic (intrinsic) by the amount of total IgE (≥ 180 kU/L), have an effect on IgE 

autoreactivity. The reference groups were non-asthmatics for the asthma effect and 

patients that never have had eczema for the eczema effect. The calculation revealed a 

protective effect on non-allergic eczema that would imply that children having intrinsic 

eczema have lower auto-IgE reactivity towards skin and lung (data not shown).  

But due to the results of the effect of the different sensitization patterns (inhalant 

sensitization (sx1) and food sensitization (fx5)) as given above, we did further calculations 

with data that were stratified on sx1 and fx5 (threshold ≥ 0.35 kU/L). 

 

4.3.5.1. A SENSITIZATION WITHOUT CLINICAL SYMPTOMS OF ECZEMA IS ATTENDED BY A 

HIGHER AUTO-IGE REACTIVITY  

For this calculation the reference group contained healthy children only, which do not 

show any sensitization (sens -) and never had atopic eczema (eczema-). 

Further groups were stratified as the following:  

Sensitized children having eczema      (sens+ eczema +) 

Sensitized children without having eczema     (sens+ eczema –) 

Children without sensitization but having eczema (sens– eczema +) 

 

The effect of a sensitization on auto-IgE reactivity (1. /2. and 3. cut–off) was calculated in a 

logistic regression model that was adjusted for age, sex, BMI, parental education, study 

center and study. 
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The following forest plots [Figure 22 skin autoreactivity, Figure 23 lung autoreactivity] shows 

each in the upper group, which comprises children that are sensitized and have eczema 

(sens+ eczema+) that there is no effect on the auto-IgE reactivity which is not higher in 

those children and the OR remains around one (OR(CI 95 %) skin: 1. cut-off: 1.06(0.84-

1.33), p=0.613, 2. cut-off: 1.18(0.92-1.51), p=0.187, 3. cut-off: 1.05(0.78-1.40), p=0.762 and 

lung: 1. cut-off: 1.03(0.82-1.30), p=0.775, 2. cut-off: 1.20(0.93-1.53), p=0.156, 3. cut-off: 

1.05(0.78-1.40), p=0.762).  

In contrast the middle part of the plot – showing the OR and the 95 % confidence interval 

of auto-IgE reactivity towards skin [Figure 22] and lung [Figure 23] indicates children who 

are sensitized without having atopic eczema (sens+ eczema-), have significantly higher 

auto-IgE reactivity. The ORs show a significant positive association between auto-IgE 

reactivity and the sensitization without eczema (OR(CI 95 %) skin: 1. cut-off: 1.48(1.22-

1.79), p<0.001, 2. cut-off: 1.63(1.33-1.99), p<0.001, 3. cut-off: 1.67(1.33-2.09), p<0.001 and 

lung: 1. cut-off: 1.58(1.30-1.91), p< 0.001, 2. cut-off: 1.48(1.21-1.82), p<0.001, 3. cut-off: 

1.67(1.33-2.09), p<0.001). Actually the OR rises with the increasing cut-off for skin 

reactivity, which implies an increasing association between the rising auto-IgE reactivity 

and the impact of sensitization. 

Finally the data suggest that a sensitization in children results in higher auto-IgE reactivity 

towards skin and lung. 

In turn, children having eczema, but are not sensitized (sens– eczema+) show less auto-IgE 

reactivity, hence there is a negative association between eczema without sensitization and 

auto-IgE reactivity, but this effect is not significant (OR(CI 95 %) skin: 1. cut-off: 0.85(0.67-

1.08), p=0.188, 2. cut-off: 0.89(0.68-1.17), p=0.396, 3. cut-off: 0.92(0.68-1.26), p=0.623 and 

lung: 1. cut-off: 0.88(0.69-1.12), p=0.289, 2. cut-off: 0.86(0.66-1.13), p=0.279, 3. cut-off: 

0.92(0.68-1.26), p=0.623). 
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Figure 22: Sensitization only results in higher auto-IgE reactivity towards skin in children of the GINI/LISA cohort. 
To investigate whether auto-IgE is associated with the occurrence of eczema or sensitization we performed a logistic regression model that is shown in the forest plot. As 
reference group children without sensitization and without eczema was taken (Reference group: sens- eczema-). We investigated the effect of sensitization with or without 
eczema (sens+ eczema+, sens+ eczema-) and eczema without sensitization (sens- eczema+). The first plot (sens+ eczema+) shows no effect on IgE-autoreactivity, as the OR 
oscillates around one. In contrast, auto-IgE is significantly positive associated with sensitization (sens+ eczema-) the second effect group. Here the OR is significant and much 
higher than one. Children without sensitization but with eczema show a decrease in auto-IgE reactivity as the OR is below one, but this effect is not significant. Finally we can 
predicate that a sensitization in children results in higher auto-IgE reactivity towards skin. 
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Figure 23: Sensitization only results in higher auto-IgE reactivity towards lung in children of the GINI/LISA cohort. 
To investigate whether auto-IgE towards lung derived proteins is associated with the occurrence of eczema or sensitization we performed a logistic regression model that is 
shown in the forest plot. As reference group children without sensitization and without eczema was taken (Reference group: sens- eczema-). We investigated the effect of 
sensitization with or without eczema (sens+ eczema+, sens+ eczema-) and eczema without sensitization (sens- eczema+). The first plot (sens+ eczema+) shows no effect on IgE-
autoreactivity, as the OR oscillates around one. In contrast, auto-IgE is significantly positive associated with sensitization (sens+ eczema-) the second effect group. Here the OR is 
significant and much higher than one. Children without sensitization but with eczema show a decrease in auto-IgE reactivity as the OR is below one, but this effect is not 
significant. Finally we can predicate that a sensitization in children results in higher auto-IgE reactivity towards lung. 
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4.3.5.2. THE OCCURENCE OF AUTO-IGE REACTIVITY HAS AN PROTECTIVE EFFECT ON ECZEMA 

One further analysis was done to confirm the upper results and extend the calculation 

with an additional stratification. 

Further we assessed whether there is a relation of children having eczema without 

sensitization referred to as intrinsic atopic eczema. Children having atopic eczema without 

sensitization show lower OR oscillating between 0.74 – 0.90 but without statistical 

significance. We stratified next children having eczema and are sensitized to both 

aeroallergens and food allergens referred to as extrinsic eczema. The reference group was 

set to children that are sensitized without having eczema. The same analysis we 

accomplished for asthmatic children. 

 In brief: 

1. eczema without sensitization (Reference group: sens- eczema-) and  

2. eczema with sensitization to aeroallergens and food allergens  

(Reference group: sens+ eczema -) 

3. asthma without sensitization  (Reference group: sens- asthma-) and 

4. asthma with sensitization to aeroallergens and food allergens  

(Reference group: sens+ asthma -) 

The following forest plot Figure 24 shows the effect of an increasing auto-IgE reactivity 

defined by the different cut-offs on extrinsic atopic eczema [A, B] and allergic asthma [C, D]. 

The OR is depicted as a black diamond and the appropriate CI is given with the black lines. 

The OR of one is indicated as a black dotted vertical line. Figure 24A, B depicts the analysis 

of children having atopic eczema combined with sensitization. In Figure 24A the OR is given 

for skin-autoreactivity and in Figure 24B for lung autoreactivity. As the OR is less than one 

for skin reactivity there is a negative association between auto-IgE reactivity and food and 

aeroallergen sensitization, hence the chance to develop high auto-IgE reactivity towards 

skin and having extrinsic eczema is 30 % less compared to children that are sensitized 

without having eczema.  

Skin auto-IgE reactivity associated with having extrinsic eczema: OR (95 %CI) 1. Cut-off: 

0.74(0.58-0.94), p=0.015; 2. Cut-off: 0.74(0.57-0.96), p=0.023; 3. cut-off: 0.65 (0.48-0.87), 

p=0.004.   
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As the p-value decreases with increasing cut-off it can be suggested that the chance to 

develop eczema decreases with increasing auto-IgE reactivity. There finds an exclusive 

negative association between lung reactivity and extrinsic eczema, as a lower auto-IgE 

reactivity (1.cut-off) shows a significantly lower chance to develop auto-reactivity towards 

lung and having extrinsic atopic eczema. 

Lung auto-IgE reactivity associated with having extrinsic eczema: OR (95 %CI) 1. cut-off: 

0.68(0.53-0.87), p=0.002; 2. cut-off: 0.85(0.66-1.10), p=0.212; 3. cut-off: 0.79 (0.59-1.06), 

p=0.115. 

Figure 24C, D show the association between auto-IgE reactivity towards skin [Figure 24C] 

and lung [Figure 24D] in allergic asthmatic children. Actually there finds no significant 

association as the OR oscillates around one.  

Skin auto-IgE reactivity associated with having allergic asthma: OR (95 %CI) 1. cut-off: 

0.86(0.61-1.22), p=0.399; 2. cut-off: 1.00 (0.70-1.43), p=0.999; 3. cut-off: 0.90 (0.60-1.35), 

p=0.601.   

Lung auto-IgE reactivity associated with having allergic asthma: OR (95 %CI) 1. cut-off: 

1.01(0.72-1.43), p=0.939; 2. cut-off: 0.96(0.67-1.38), p=0.834; 3. cut-off: 0.79 (0.52-1.20), 

p=0.272. 
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Finally we can say, if children are not sensitized, there is no effect between atopic eczema 

or allergic asthma on the auto-IgE reactivity. In contrast children having eczema show 

significantly less auto-IgE reactivity, if they are sensitized against inhalant and food 

allergens.  

 

 

Figure 24: Children having eczema in 
combination with a sensitization to 
food or aeroallergens show 
negatively associated auto-IgE 
reactivity towards skin. 
The figures show the OR (black 
diamond) and the appropriate 95 % CI, 
an OR of one is indicated with the black 
vertical dotted line. [A] shows the OR of 
auto-IgE reactivity towards skin and the 
association to eczema combined with 
sensitization to food and aeroallergens. 
As the OR is less than one, there finds a 
negative association between eczema 
and auto-IgE (p<0.05). In contrast the 
auto-IgE reactivity against lung [B] is 
only affected in children showing lower 
auto-IgE reactivity to lung (1. Cut-off 
reactivity), a higher auto-IgE reactivity 
towards lung is not significantly 
associated with auto-IgE reactivity. 
Further we analyzed whether there 
finds a relation between auto-IgE 
reactivity against skin [C] and lung [D] 
and allergic asthma. But there is no 
significant association between those 
two factors. 
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4.3.5.3. THE DETERMINATION OF CHILDHOOD IGE AUTOREACTIVITY HAS NO PREDICTIVE 

EFFECT FOR THE DEVELOPMENT OF ATOPIC ECZEMA 

Due to these last results, we investigated, whether auto-IgE has a predictive value for 

eczema by using a ROC (Receiver operating characteristic) analysis [Figure 25]. We 

calculated two models one with sensitization one without sensitization and adjusted for 

sex, parental education, parental atopy, study center, study, age, BMI and the interaction of 

fx5 and sx1 and lung reactivity.  

 

Model with sensitization: 

Eczema ~sex + parental education + parental atopy + study center + study +age + BMI+ fx5*lung3SD 

+sx1*lung 3SD 

 

Model (without) sensitization 

Eczema ~sex + parental education + parental atopy + study center + study + age + BMI + fx5 + sx1 

 

The analysis was performed each for skin and lung and for each cut-off. Exemplary 

analyses of the calculation on the three cut-offs on skin are shown in Figure 25.  

As there is no difference between of the AUC of the ROC analysis there is no predictive 

value of the auto-IgE on eczema. 

 

 

 

 

 

 

Figure 25: Analysis of auto-IgE reactivity has no predicitive value on the occurrence of atopic eczema. 
There is no difference of the calculated area under the curve (AUC) when two different models are used. We compared 
the AUC of the occurrence of eczema from two models – with and without sensitization. As there is no difference in the 
calculated AUC there is no predictive value of the analysis of auto-IgE reactivity on the occurrence of eczema. The 
calculation was done for skin and lung and for each cut-off, but revealed in no difference. The here shown graph is 
exemplary for all calculations. Here the ROC AUC is shown for skin-reactivity and the rising cut-off. In each ROC curve 
the AUC with sensitization (AUC(with)) and  without sensitization (AUC(without)) shows the same value of about 0.63. 
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4.3.6.  ASPECTS ON EARLY NUTRITION AND LIPID METABOLISM ON AUTO-IGE 

4.3.6.1. HYPOALLERGENIC FEEDING BY HYDROLYZED BABY FOOD OR BREAST FEEDING HAS NO 

IMPACT ON AUTO-IGE REACTIVITY AT AGE OF TEN 

The data of the randomized, double-blind intervention study arm of the GINI cohort were 

utilized to analyze the impact of the preventive effect of breast feeding or hydrolyzed 

infant formulas to prevent IgE-autoreactivity.  

The intervention study consisted of four different intervention arms (cow-milk based non-

hydrolyzed infant food (CMF), partial-hydrolyzed whey formula (pHF-W), extensive 

hydrolyzed whey formula (eHF-W) and partial hydrolyzed casein formula (pHF-C). 

Furthermore we stratified the participants by “per protocol”, by definition and the 

“Intention to treat”. The per protocol group, by definition used hydrolyzed infant formulas 

congenitally, whereas the intention to treat group combined breast and formula feeding, 

as all women were introduced to fulfill breast feeding until the fourth month of infant life. 

Table 21 and Table 22 illustrate the association between differently used infant formula 

nutrition and auto-IgE reactivity to skin [Table 21] and lung [Table 22] calculated by a 

logistic regression adjusted to city, age, sex, BMI, parental education and atopy. We could 

not identify any association between hypoallergenic formula feeding and IgE-

autoreactivity, neither without adjusting any confounder (data not shown) nor after 

adjusting the models for potential confounder named above. To exclude breast feeding as 

a potential confounder we excluded women who breast fed in the intention to treat group, 

but still no association could be identified here.  
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Table 21: Breast feeding or hypoallergenic formula nutrition has no impact on IgE autoreactivity in 

serum in the GINI/LISA study. 

Four different intervention arms (cow-milk based non-hydrolyzed infant food (CMF), partial-hydrolyzed whey 

formula (pHF-W), extensive hydrolyzed whey formula (eHF-W) and partial hydrolyzed casein formula (pHF-

C)) were investigated on their impact on auto-IgE reactivity at age of ten. But there finds no association 

between the early nutrition of infants and the later auto-IgE reactivity towards skin. 
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Table 22: Breast feeding or hypoallergenic formula nutrition has no impact on IgE autoreactivity 

towards lung derived proteins in serum in the GINI/LISA study. 

Four different intervention arms (cow-milk based non-hydrolyzed infant food (CMF), partial-hydrolyzed whey 

formula (pHF-W), extensive hydrolyzed whey formula (eHF-W) and partial hydrolyzed casein formula (pHF-

C)) were investigated on their impact on auto-IgE reactivity at age of ten. But there finds no association 

between the early nutrition of infants and the later auto-IgE reactivity towards lung. 

 

 

 

 

 

 

 

 

 

 

 



 

91 
 

4.3.6.2. CHILDREN WITH HIGH SERUM LEVELS OF HIGH-DENSITY LIPOPROTEIN SHOW LOWER 

AUTO-IGE REACTIVITY 

To investigate associations of auto-IgE reactivity and the level of high-density lipoprotein 

(HDL) and low-density lipoprotein (LDL) we classified the serum level of both parameters 

in tertiles [ 

Table 23]. The odds ratio (OR) was calculated with a logistic regression for each tertile and 

the different cut-offs of auto-IgE reactivity for lung (left side) and skin (right side). Figure 

26 shows the cut-off as different reactivity in rows for lung and skin, the OR on the y-axis 

and the 2. and 3. tertile of HDL on the x-axis. Interestingly, the OR decreases with 

increasing levels of HDL as well for reactivity towards lung and skin, p-values are given for 

the calculated OR of both 2. and 3. tertile. A lower OR indicates a lesser auto-IgE reactivity 

in the case of a higher level of HDL. That means the higher the self-reactivity towards skin 

and lung derived proteins the lower the OR. In contrast there is no association between 

the serum level of LDL and auto-IgE reactivity (data not shown). 

 
Table 23: Allocation of the tertiles and  number of  
patients for the investigation of the association of  
HDL and LDL and auto-IgE reactivity. 

 

 

 

 

 

 

 

 

 

 

Parameter Tertile mmol/L n 

HDL 

1. < 1.14 922 

2. 1.14 - 1.37 966 

3. > 1.37 970 

LDL 

1. 0.24 - 1.86  944 

2. 1.87 - 2.36 954 

3. 2.37 - 8.28 960 
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4.3.7. ENVIRONMENTAL FACTORS REVEAL NOT TO HAVE INFLUENCE ON AUTO-IGE REACTIVITY 

Allergy is caused by a multifactorial interaction of genetics, the immune system and 

environmental factors. Some of the latter can be influenced and therefore modify the risk 

of getting allergic or atopic. To investigate whether we have an impact of influencing 

environmental factors on auto-IgE reactivity we tested several factors that are known to 

have an impact on allergy or atopy. Air pollution as a discussed factor in urban areas did 

not have an influence on the occurrence on the tested autoreactivity to lung and skin (data 

not shown). However, the association between auto-IgE reactivity to skin, but not lung and 

the life in Munich is positively associated for the two first cut-offs whether there is no 

significant association in children living in Wesel, Leipzig or Bad Honnef [Figure 22]. 

Association to lung reactivity reveals only single significant values as the higher risk (OR 

1.3, p = 0.04) emerges for children from the GINI study living in Wesel [Figure 22] whereas 

children participating the LISA study living in Leipzig revealed a lower chance to develop 

auto-IgE reactivity, showing a significant lower risk for the second cut-off (OR 0.57. p = 

Figure 26: Higher HDL serum-levels are associated with lower auto-IgE reactivity. 
The calculated OR is given for the lower value (2. tertile, 1.14 – 1.37 mmol/L) and the higher value (3. 
tertile, > 1.37 mmol/L) of HDL and the respective calculated p-value. The Graph illustrates the 
decrease of odds ratios with rising HDL-levels for each height of auto-IgE reactivity, indicating a lower 
risk to develop auto-IgE reactivity against lung and skin when high levels of HDL are present. Values 
are given for each cut-off as different reactivity (1. cut-off = reactive, 2. cut-off = highly reactive, 3. cut-
off = very high reactive). 
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0.003) [Figure 22] but there finds no upcoming pattern for the risk living in a certain area 

and IgE self-reactivity. 

 

 

 

 

 

 

 

 

 

 

 

 

Furthermore we investigated whether parental education or the early visit of day nursery 

have an impact on the occurrence of auto-IgE. But neither parental education [Table 25] 

nor the early visit of day nursery (data not shown) had any impact on the occurrence or 

the extent of auto-IgE reactivity. In addition we calculated by a linear regression model the 

impact of pets on the autoreactivity. 2045 children never lived together with an animal at 

home. 351 (12.7 %) children had a cat and 281 (10.2 %) a dog. 89 (3.2 %) had both a cat 

and a dog. We could not find any association for auto-IgE-reactivity and keeping a dog or 

both a cat and a dog. Certainly, children who ever had a pet showed a negative association 

between the ownership of a pet and the very high IgE-reactivity (3. cut-off) here the OR(95 

% CI) for skin reactivity is 0.79(0.65-0.97) p=0.021 and for lung 0.77(0.63-0.94) p=0.01  

[Table 26]. 

 

 

 

Table 24: Children attending the GINI study and live in Munich show a positive association 
between autoreactivity towards skin but not lung. 
We analyzed whether the area where the children live has an impact on IgE autoreactivity 
utilizing a logistic regression model. Children that attend the GINI study and live in Munich have 
higher auto-IgE reactivity and show auto-IgE reactivity more frequent. Living in Wesel also 
shows a higher chance to develop auto-IgE reactivity towards lung. In contrast children 
participating the LISA study and live in Leipzig or Bad Honnef have a lower risk to develop IgE 
autoreactivity, however this is not significant beside the 2. cut-off in lung reactivity. 
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Table 25: There is no effect of parental education on auto-IgE reactivity. 
We performed a linear regression model to calculate a possible association but there is no significant 
difference in auto-IgE reactivity when the parents are more or less educated. 

 

 

 
Table 26: Children who ever have had a pet show lower auto-IgE reactivity. 
Children who ever have had a pet show lower auto-IgE reactivity towards skin  
and lung derived proteins, statistical significance is given for children  
showing very high IgE autoreactivity (3.cut-off >1) only.   

 

 

 

 

 

 

 

 

 
4.4 STUDIES IN AUTO-IGE REACTIVITY ON ADULT ASTHMATIC AND SKIN DISEASE PATIENTS 

4.4.1 ADULT ASTHMATIC PATIENTS WITH ALLERGIC ASTHMA SHOW IGE-AUTOIMMUNITY TOWARDS 

LUNG PROTEINS  

Allergic asthma also called extrinsic asthma is associated with allergic sensitization to 

inhalant allergens such as those from house dust mites and is an IgE mediated chronic 

relapsing disease with airway constriction. Another type of asthma is categorized as 

intrinsic or non-allergic asthma, as no allergic sensitization could be confirmed, the 

asthma is triggered from intrinsic factors. Data on IgE-autoreactivity asthma is scarce; 

therefore we investigated a total of 80 asthmatic patients for their auto-IgE reactivity 

towards lung and skin. 25 patients were intrinsic (non allergic) and 55 patients extrinsic 

(allergic) asthmatics.  

 

 

parental 
education 

autoreactivity towards skin autoreactivity towards lung 

1. cut-off 2. cut-off 3. cut-off 1. cut-off 2. cut-off 3. cut-off 

[OR(95  % CI)] [OR(95 % CI)] [OR(95 % CI)] [OR(95 % CI)] [OR(95 % CI)] [OR(95 % CI)] 

medium                 
(10 yrs. 
School) 

1.04            
(0.72-1.5) 

0.99                    
(0.67-1.46) 

0.94         
(0.61-1.46) 

1.09                                 1.38                                                
(0.93-2.39)                     (0.76-1.56)  

1.5                
(0.94-2.39) 

p=0.83 p=0.95 p=0.79 p=0.66 p=0.11 p=0.09 

high                                 
(12 yrs. 
School) 

1.03                    
(0.73-1.45) 

1.01             
(0.6-1.47) 

0.97              
(0.64-1.47) 

0.97                                
(0.69-1.37) 

1.05                            
(0.72-1.53) 

1.28                         
(0.81-2.0) 

p=0.88 p=0.95 p=0.87 p=0.87 p=0.82 p=0.29 

  

autoreactivity towards skin autoreactivity towards lung 

1. cut-off 2. cut-off 3. cut-off 1. cut-off 2. cut-off 3. cut-off 

[OR(95% CI)] [OR(95 % CI)] [OR(95 % CI)] [OR(95 % CI)] [OR(95 % CI)] [OR(95 % CI)] 

ever have 
had an 
animal 

0.93        
(0.79-1.09) 

0.86                
(0.72-1.02) 

0.79        (0.65-
0.97) 

0.87                
(0.74-1.02) 

0.86                  
(0.73-1.03) 

0.77                 
(0.63-0.94) 

p=0.39 p=0.08 p=0.021 p=0.08 p=0.1 p=0.01 
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4.4.2 STUDY POPULATION CHARACTERISTIC OF ASTHMATIC PATIENTS 

We investigated 55 patients with allergic asthma, as an allergic sensitization was 

diagnosed and 25 patients with non-allergic asthma retrospectively. The sera were kindly 

provided from Prof. Buhl from the Medizinische Klinik and Poliklinik of the clinic of the 

university Mainz. The patients were characterized for their severity (obsolete 

classification) and their asthma control status (current classification of asthma severity) [ 

Table 27]. Further the patients were characterized for age, sex, lung function, total IgE, BMI 

and smoking.  

 

 
Table 27: Study population characteristic of asthmatic patients,  
we investigated retrospectively. 

Asthmatic patients  n  80  

             (Intrinsic) non-allergic asthma  n  25 

             (extrinsic) allergic asthma  n  55 

Class of severity (1 - 4)    

Class 1 

Class 2 

Class 3 

Class 4  

n (%) 

n (%) 

n (%) 

n (%) 

5    (6.25) 

15  (18.8) 

24  (30.0) 

36  (45.0)  

Class of asthma control (1 – 3)   

Class 1 (controlled asthma) 

Class 2 (partly controlled asthma) 

Class 3 (uncontrolled asthma) 

n (%) 

n (%) 

n (%) 

17   (21.5) 

28   (35.4) 

34   (43.0) 
Classification of the California Asthma Public Health Initiative (CAPHI). Based on NAEPP EPR-3 
(National Asthma Education and Prevention Programm, Expert Panel Report 3) recommendations for 
classification of asthma severity and control. 

 

 

 

 

 

 

 

 



 

96 
 

4.4.3 MORE PATIENTS WITH ALLERGIC ASTHMA SHOW IGE-AUTOREACTIVITY TOWARDS LUNG- AND 

SKIN DERIVED PROTEINS 

Figure 27 shows the IgE-reactivity towards skin and lung derived proteins of non-allergic 

asthmatic and allergic asthmatic patients. Reactivity equal or higher than one is classified 

as autoreactive as distinguished by the red dotted line. As expected, due to the level of 

total IgE, (total IgE non-allergic asthmatics: median: 32.4 kU/L, mean: 98.3 kU/L, allergic 

asthmatics: median: 120 kU/L, mean: 547 kU/L) patients with allergic asthma show 

higher frequency of IgE-autoreactivity against proteins from human skin (21.8 %) and 

lung (25.5 %) than patients with non-allergic asthma (12 % lung and skin) [Figure 27]. 

Similar to atopic eczema patients most patients do not show IgE autoreactivity towards 

the tested proteins in both asthma groups. 

 

 

 

 

 

 

 

 

 

 

 

Figure 27: Patients with allergic asthma show higher frequency of auto-IgE reactivity 
towards skin and lung than non-allergic asthmatics. 
On the left side the graph shows IgE-autoreactivity of asthmatic patients without allergic 
sensitization. Three patients out of 25 (12 %) show autoreactivity against skin and lung in 
this group. Whereas 21.8 %/25.5 % of patients with allergic asthma show auto-IgE reactivity 
towards skin/lung. Nevertheless most of the patients do not show IgE-reactivity. 
Autoreactivity ≥ 1 are rationed as positive/reactive as distinguished by the red dotted line. 
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4.4.4 CLASS OF ASTHMA CONTROL IS SIGNIFICANTLY CORRELATED WITH AUTO-IGE REACTIVITY 

The control status of all asthmatic patients was classified into three classes. Class 1 is a 

controlled asthma, class 2 a partly controlled asthma and class 3 an uncontrolled asthma. 

First we performed a correlation analysis for auto-IgE reactivity towards skin and lung 

and the given control level of each asthma patient stratified for non-allergic and allergic 

asthma. Figure 28 shows the differences in the correlation for non-allergic (A, B) and 

allergic asthmatics (C, D) each for skin and lung derived proteins. Whereas patients 

without allergic sensitization do not show a significant correlation with their auto-IgE 

reactivity against skin (A) or lung (B), allergic asthmatics do show a significant (p=0.03) 

slight positive correlation R²=0.09). The worse the asthma is controlled the higher the 

auto-IgE reactivity against skin (C) and lung (D). We calculated the effect for allergy and 

the rising control status in a generalized linear model. To compare allergic asthmatic 

patients with non-allergic asthmatics we calculated the mean of auto-IgE reactivity of both 

groups. Patients with allergic asthma show higher auto-IgE reactivity by the factor of 0.77. 
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Figure 28: Patients with allergic asthma show higher auto-IgE reactivity the worse the asthma is 
controlled. 
Allergic asthmatics show a significant positive association of autoreactivity towards skin and lung derived 
proteins and the asthma control status, whereas non-allergic asthmatics do not show these parallel. In [A] the 
correlation of IgE-autoreactivity (y-axis) and the asthma control status (x-axis) against lung proteins of non-
allergic asthmatics are shown (R²= 0.018, n.s.), in [B] the same group of patients and their reactivity towards 
skin proteins (R²= 0.04, n.s.). Patients with allergic asthma do show a significant, slightly positive correlation 
between their auto-IgE reactivity towards lung (R²=0.09, p= 0.03) [C] and skin (R²=0.09, p= 0.03) [D]. Data are 
given with 95% confidence interval. 
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4.4.5 INCREASING AUTO-IGE REACTIVITY IS ACCOMPANIED WITH SLIGHTLY DECREASED FEV1 

As all asthmatic patients were further surveyed for age, sex, BMI, oral/inhalative 

corticosteroid therapy and smoking as well as analyzed for serum total IgE, nitric oxygen 

(NO) and their forced expiration in one second (FEV1), we analyzed all parameters 

statistically on their influence on auto-IgE reactivity.  

We used a linear model adjusted for age and sex to show the significant effect of FEV1 

(p<0.05) as with increasing autoreactivity towards skin or lung the FEV1 decreased 

slightly. No other parameter showed any significance with IgE autoreactivity. 

 

4.5 STUDY POPULATION OF BIEDERSTEINER AUTOALLERGY STUDY (BIA-STUDY) 

In our ongoing and still not finalized prospective BiA-study we recruited and analyzed 

until now 181 adult patients with different skin diseases to investigate the influence of 

auto-IgE in autoimmunity and other IgE-mediated diseases.  

 

4.5.1 PATIENTS WITH ATOPIC ECZEMA AND DERMATOMYOSITIS REPRESENT THE TWO PATIENT 

GROUPS WITH HIGH LEVELS OF AUTO-IGE IN OUR PROSPECTIVE CLINICAL STUDY 

In Figure 29 auto-IgE reactivity of BiA patients is shown. We analyzed n = 46 patients with 

different skin diseases for auto-IgE reactivity in serum. Atopic eczema patients (red 

bullets) do show a high frequency of auto-reactivity of IgE towards proteins derived from 

skin, lung and PBMCs. Unexpected is the auto-reactivity of patients with Dermatomyositis 

(light green bullets), but rather expectable the auto-IgE reactivity of patients with systemic 

lupus erythematosus (SLE, blue bullets). Two patients with pemphigus vulgaris (PV, 

magenta bullets) show low auto-IgE reactivity towards PBMC and lung derived proteins or 

against PBMC proteins only. Anyhow, patients with Bullous Pemphigoid (BP, yellow 

bullets), cutaneous Lupus (cut. LE, turquoise bullets), Psoriasis (green bullets) and Urticaria 

(grey bullets) did not show IgE-autoreactivity against the tested allogenic proteins. Control 

patients are healthy individuals who got a treatment in the clinic of dermatology due to 

harmless diagnoses as Dermatitis solaris or nevi. None of the healthy individuals showed 

any autoreactivity towards the tested proteins.   
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4.5.2 AUTO-IGE IS NOT SPECIFIC TOWARDS EPITHELIAL TISSUE PROTEIN BUT IS REACTIVE TOWARDS 

PROTEINS FROM PBMCS 

To investigate whether auto-IgE reactivity is exclusive to epithelial proteins or whether 

there is a variation of reactivity we tested 168 patients for their auto-IgE specificity 

against epithelial proteins derived from keratinocytes (HaCaT cells) and primary bronchia 

epithelial cells (NHBE cells) and non-epithelial proteins derived from primary peripheral 

mononuclear blood cells (PBMC) from four genetically unrelated subjects. Figure 30 

depicts the auto-IgE reactivity against the three different tested sets of proteins from 168 

patients. The autoreactivity here is not restricted towards epithelial proteins derived from 

skin or lung, but shows reactivity towards non-epithelial derived proteins from PBMC as 

well.  

Figure 29: Atopic eczema patients do show autoreactivity more frequent than patients suffering 
from different skin diseases.  
We analyzed patients (n = 46) from the prospective BiA-study for their autoreactivity in serum. Depicted 
is the factor as calculated for the 1. cut-off. A reactivity ≥1 is rationed as reactive or positive. Atopic 
eczema (AE, red bullets) patients show the highest frequency of auto-IgE reactivity compared to other 
skin diseases. Bullous pemphigoid (BP, yellow bullets), cutaneous Lupus erythematosus (cut. LE, 
turquoise bullets), psoriasis (green bulltes) and urticaria (grey bullets) patients do not show any auto-IgE 
reactivity towads PBMC-, skin- or lung- derived proteins. Patients with Dermatomyositis (light green 
bullets) and few patients with SLE (blue bullets) and Pemphigus vulgaris (PV, magenta bullets) do show 
auto-IgE reactivity. Control (ctrl, dark blue bullets) patients are not auto-IgE reactive. Single data are 
shown as bullets, further the median is given. 
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4.5.3 AUTOLOGOUS SKIN PRICK TEST REVEALS INCONSISTENT REACTIVITY 

To test an immediate hypersensitivity reaction or type I reaction in patients with 

serological auto-IgE reactivity we performed a skin-prick test using a solution from 

autologous skin. After testing each patient for their IgE-autoreactivity using the 

immunoassay we recruited those patients again for skin-prick test and Basophil-activation 

test (BAT) (6.4.2.4.). The results for the skin prick test revealed in inconsistent results for 

the few tested patients by now. However, we tested only patients with different skin 

diseases each (Atopic eczema, subacute cutaneous lupus erythematosus (SCLE), chronic 

discoid Lupus erythematosus CDLE, systemic LE, Psoriasis, SLE combined with Sharp-

Syndrome). No patient did show a positive skin reaction. However, the required positive 

(histamine) and negative (NaCl) control were appropriate (data not shown). As the study 

is still ongoing we planned prick-testing with more atopic eczema patients.  

  

4.5.4 MISSING BASOPHIL ACTIVATION AFTER EXPOSURE WITH ALLOGENIC KERATINOCYTE PROTEINS 

As a second method to assess an immediate type response we analyzed the quantitative 

basophil activation by flow cytometry using a basophil activation test (BAT). We 

performed the BAT on patients that were positively tested for serological IgE-

Figure 30: Auto-IgE reactivity shows no specificity towards epithelial 
proteins derived from skin or lung, but is reactive towards non-epithelial 
proteins derived from PBMC as well.  
We tested n = 168 patients against the three differently derived set of proteins, 
whereas skin proteins derived from keratinocytes (HaCaT cells), lung proteins 
derived from primary NHBE cells and proteins from PBMC were extracted from 
primary PBMC. 
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autoreactivity by immunoassay. In total we tested seven patients with afore mentioned 

skin diseases (4.5.3). The BAT was accomplished within two hours after blood draining 

according to the manufacturer´s protocol. Instead of purchasable allergen we used the 

same allogenic protein extracts from activated HaCaT cells as we used for the 

immunoassay. For each patient sample the keratinocyte protein concentration was 

titrated (5 µg/ml, 2.5 µg/ml, 1.25 µg/ml, 625 ng/ml, 312.5 ng/ml) to ensure the correct 

protein amount for basophil activation for each patient. However, we could not assess 

basophil activation in any sample. In a second step we prolonged the allergen/basophil 

incubation up to 30 min (15 min according to protocol) without any enhancement of 

basophil activation. Furthermore we ruled out the RIPA buffer, used for the protein 

extraction as a disturbing factor. Therefore we added the same concentration of RIPA 

buffer we used in all samples, by adding the protein extracts to each control sample, 

without any change of the results of the controls. As we could not assess any activation of 

basophils after incubation with allogenic keratinocyte protein data are not shown here. 

 

 

4.6 ESTABLISHMENT OF OVA SPECIFIC IGE ENRICHMENT FROM SERUM FROM SENSITIZED 

BALB/C MICE    

For the establishment of a murine model of passive auto-sensitization using chicken 

ovalbumin (OVA) as a model self-antigen we established the enrichment of OVA-specific 

IgE from murine serum. We used remaining serum from sensitized BALB/c mice from 

prior sensitization experiments. sOVAtg and mOVAtg mice, both on C57BL/6J background, 

are intended to be passively vaccinated with OVA-specific IgE generated in BALB/c wild 

type mice. The here established method to enrich IgE molecules in serum by the 

combination of albumin and twofold IgG extraction was not available before. We 

optimized the combination of all used resins and buffers to yield the highest amount of IgE 

and the lowest amount of Albumin and IgG in the final eluate. The serum had to be 

extracted from Albumin first, to obtain the accurate salt concentration and pH of the 

solution we exchanged the buffer prior albumin extraction using Zeba®Spin Columns 

(Pierce) to avoid the dilution of the sample. In a second step we extracted the murine 

serum albumin by using a commercial available resin (Melon Gel®, Pierce), the buffer 

exchanged serum was given onto the resin, permitted to flow through after a short 

incubation. Figure 31, a SDS gel coomassie stained shows the albumin content in serum 

prior to extraction (left lane) and after albumin extraction (right lane) at 69 kDa. In the 

last step our aim was to extract IgG from the serum by binding on Protein G. As the salt 
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concentration after albumin extraction contained to few sodium ions and to avoid a 

dilution by adding sodium phosphate the buffer was exchanged again (Zeba® Spin 

Columns) by using the appropriate binding buffer used in the Protein G column. We 

optimized the removal of IgG molecules from serum by running the serum twice over a 

Protein G column. The IgG fraction was eluted out from the column to check the amount of 

total and OVA-specific IgE lost in this fraction. Each Protein G column was eluted three 

times, thus we obtained three IgG fractions in total. Figure 32 depicts the concentration of 

OVA-specific IgE [A] and of total IgG [B] in the serum pool prior treatment, the IgE eluate 

after enrichment and in the IgG-fraction eluted from one to four columns. The IgE-eluate 

contains 4260 ng/ml, whereas the IgG fraction contains no OVA-specific IgE, as there was 

no loss of OVA-specific IgE Figure 32A. The concentration of IgG is depicted in Figure 32B 

again in the serum pool prior enrichment, the IgE-eluate and the IgG fractions out from 

four elutions. The first elution of IgG (column1 and 2) contain the highest amount of IgG as 

the last to eluate (column 3 and 4) contain much less of the IgG. The last column of Figure 

32B (dark green) shows the total amount of the concentration of all IgG fractions giving the 

entire recovery of IgG. 

 

 

Figure 31: Murine serum albumin was minimized after 
albumin extraction using Melon gel® resin. 
Serum proteins prior (left) and after (right) extraction were 
run on a 12% SDS gel and stained with Coommassie. After 
extraction the sample shows highly reduced albumin content 
(69 kDa), compared to the native serum sample prior to 
extraction. 
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Figure 32: The IgE eluate is free of IgG after extraction by protein G. 
[A]: OVA-specific IgE is shown in the first bar in the native serum before IgE-enrichment. The blue bar 
shows the enhancement of IgE in the eluate. All IgG fractions arer free of IgE. [B]: The chart shows the 
IgG content of the serum prior IgG extraction (light blue bar) and the IgG content in the IgE-eluate 
after extraction(2nd bar). The IgG eluate fractions contain the extracted IgG (light green bars). The first 
eluate depicted in column 1 and 2 and contain the highest amount of IgG. To remove the entire amount 
of IgG from the IgE eluate a second run on protein G columns was performed, shown as the eluate of 
column 3 and 4, with much less IgG content. To ensure the entire recovery of IgG the last bar (dark 
green) shows the calculated sum up of all fractions of IgG. Data are given ±SD. 
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5. DISCUSSION 

The initial aim of this study was to assess whether auto-IgE has a pathomechanistic impact 

on the manifestation and aggravation of atopic eczema and allergic asthma. In the course 

of the study and the analysis of different patient groups and cohorts we extended the 

hypothesis if auto-IgE is physiologically generated during childhood and does auto-IgE 

protect from developing atopic eczema. 

Based on new findings of the physiologic role of autoreactive IgE during childhood and 

their protective potential towards eczema, the present study shows an unpredicted new 

aspect on the evaluation of autoreactive IgE that has previously predominantly been 

described in adult atopic eczema patients. 

 

The cause of atopic eczema, the most common inflammatory skin disease manifesting 

early in life (ILLI et al. 2004), and the cause of the frequent progression into allergic 

asthma (STRACHAN et al. 1996; WÜTHRICH 1999) is not fully understood. The answers to 

these questions are of particular clinical and scientific interest.  

The majority of atopic eczema patients are sensitized against exogenous allergens with 

increased serum levels of total and specific IgE also referred as to extrinsic or allergic 

atopic eczema (ILLI et al. 2004). Still, there is no convincing evidence that allergic 

sensitization is a substantial feature of childhood eczema (JOHANSSON et al. 2001). 

Moreover, it is not well understood why acute allergic symptoms can turn into chronic 

disease, either atopic eczema or chronic asthma, but does not affect all patients (ILLI et al. 

2004). One hypothesis is that IgE antibodies directed against the body ́s own proteins 

aggravate acute allergic disease into chronic disease (AICHBERGER et al. 2005; ALTRICHTER 

et al. 2008; VALENTA et al. 2000; VALENTA et al. 1991).  

The possibility to screen 2861 children at the age of ten combinig the two birth cohorts 

GINI and LISA was unique and yielded new aspects on autoallergy in early life. These birth 

cohorts allowed analyzing healthy and atopic children side by side and the investigation of 

longitudinal issues. Based on the decline of auto-IgE with age and the high incidence of 

auto-IgE found in a small group of young children with atopic eczema in this study, we 

hypothesized the physiologic generation of auto-IgE. To prove this hypothesis we made 

use of the GINI and LISA birth cohorts. 

 

The analysis of the occurrence of auto-IgE in healthy and diseased children, both out of the 

two birth cohorts, side by side, confirmed that about half of the children of each group 

generate auto-reactive IgE antibodies. The finding that healthy and diseased children 
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show an IgE auto-reactivity to the same extent of about 50 %, suggests a physiologic 

formation of self-reactive IgE antibodies during childhood.  

 

Antibodies that are auto-reactive are known to be present in healthy individuals already 

during childhood (MADI et al. 2012), and are, beside auto-antibodies, referred to as natural 

auto-antibodies (NAbs)  (ACKERMANN-SCHOPF et al. 1974; DIGHIERO et al. 1986; WARDEMANN 

et al. 2003). 

According to the clonal selection theory from Burnet in 1959, auto-reactive lymphocytes 

are deleted to assure self-tolerance (BURNET 1959). In the early 1960s, Boyden questioned 

this and claimed natural auto-reactivity particularly towards skin antigens (BOYDEN 1964).  

Today, NAbs are investigated profoundly and their existence has been approved. To date, 

most NAbs are known to derive from the IgM class. They develop in the absence of 

germinal centers, are germline gene encoded respectively (BACHARIER and GUILBERT 2012; 

CASALI and SCHETTINO 1996; HARINDRANATH et al. 1993; MOTHES et al. 2005). However, 

Avrameas et al. described the majority of NAbs belong to the IgG class (AVRAMEAS 1991). 

NAbs are spontaneously produced by innate-like B cells (KEARNEY 2005) and, as known so 

far, are poly-reactive with moderate affinity Due to their broad reactivity and their 

potential to bind commensal and pathogenic bacteria (CAPOLUNGHI et al. 2008; ZHOU et al. 

2007) or microbial components in the intestine and airways (CAPOLUNGHI et al. 2008),  it 

was suggested that they play a major role in the first line of defense  (ARANBURU et al. 

2010) towards infections even if the cell has never been exposed to the reactive antigen 

before (ARANBURU et al. 2010; CAPOLUNGHI et al. 2008; LONGO et al. 2009).  

Furthermore, a tumor cell defense for natural IgM antibodies was described, as these NAbs 

induce apoptosis in tumor cells (HENSEL et al. 2001; HENSEL et al. 1999; POHLE et al. 2004; 

VOLLMERS et al. 1989).  

Since IgM antibodies are generated without a class switch recombination, a natural auto-

reactivity seems more obvious or easier to develop, than in other classes of 

immunoglobulins. Natural antibodies of the IgA and IgG class are known as natural 

polyreactive IgG and IgA and NAbs were detected in healthy humans in the early eighties 

(HENSEL et al. 2001; HENSEL et al. 1999; VOLLMERS et al. 1989) with a broad range of 

specificities. Examples of IgG-autoreactive antigens are senescent red blood cells (LUTZ 

2012), several intracellular proteins such as actin, myosin, DNA or cytochrome C, 

membrane components as β2- microglobulin and cytokines (IL-1α, interferon, TNF) or 

hormones (thyroglobulin, insulin) (AVRAMEAS 1991). So far, only a few of the listed 

proteins are proven auto-allergens that bind to auto-IgE. Khalaf et al. reported the natural 
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occurrence of IgE antibodies against peptide hormones in man and showed that about 15 

% of the tested atopic patients were IgE-reactive towards insulin (KHALAF et al. 1989). IgE-

reactivity against thyroglobulin has been shown in one out of 20 patients in a study 

conducted in patients with Hashimoto ś diseases and urticaria (CONCHA et al. 2004). There 

might be a link between actin and profilin auto-reactivity. Profilin is a well- known 

allergen, first identified in 1977 in non-muscle cells and later on as an allergen in birch 

pollen (Bet v2) (CARLSSON et al. 1977; VALENTA et al. 1992). Valenta et al. described cross-

reactivity of Bet v2 to human profilin suggesting that profilin acts as an IgE-autoallergen 

(VALENTA et al. 1991). As profilin binds actin there might be an interference of these two 

auto-allergens disclosing an epitope to IgG and IgE. Profilin is an actin binding protein 

regulating actin polymerization in the cytoskeleton and the addition of actin monomers to 

preformed actin filaments (REICHSTEIN and KORN 1979; VALENTA et al. 1992).  

 

Natural anti-FcεRI and anti-IgE/IgG antibodies were found in patients with chronic 

urticaria (FIEBIGER et al. 1995), in patients with asthma (SMITH et al. 1995) and in 

autoimmune disorders (FIEBIGER et al. 1998; GRUBER et al. 1988) but were not detected in 

patients with atopic eczema or healthy subjects (FIEBIGER et al. 1998; FIEBIGER et al. 1995).  

In contrast, natural antibodies of the IgE class were described in mice (MCCOY et al. 2006). 

and a few studies explored natural IgE antibodies in humans. Ackermann-Schopf et al. 

attempted to detect antibodies without a defined specificity by immune fluorescence in 

tissue obtained from adults but without success (ACKERMANN-SCHOPF et al. 1974). Another 

study aimed to detect natural IgE antibodies in the placenta, but no natural antibody of the 

IgE class was found. Concurrently, they analyzed the maternal plasma for natural IgE 

antibodies with defined specificity towards phosphorylcholine (PC), a carbohydrate that is 

present on the surface of apoptotic cells. Low levels of anti-PC IgE in plasma were 

quantified by ELISA (JOERINK et al. 2009). Mc Coy et al. confirmed the spontaneous 

generation of natural IgE in serum of wild type germ-free mice, which were elevated in T-

cell deficient mice (MCCOY et al. 2006). The study indicates that the pathway involved in 

the induction of spontaneous class switch of natural IgE is less dependent on conventional 

T cell help, as compared with allergic or parasite induced IgE generation. To confirm their 

results, they indicate that the baseline IgE was not associated with subclinical infections 

(MCCOY et al. 2006).  

 

The issue whether auto-reactive IgE antibodies are cross-reacting with endogenous 

proteins produced during allergic reaction against exogenous allergens was already 
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discussed earlier for other NAbs (AVRAMEAS 1991). The second conceivable theory is the 

neo-synthesis of auto-reactive IgE against self-proteins.  

Considering that even newborn mice and humans (LUTZ 2012; UNDERWOOD et al. 1985), as 

well as germ-free, nude and antigen-free mice (PEREIRA et al. 1986; UNDERWOOD et al. 

1985) synthesize NAbs and the physiologic generation in children as shown in the present 

study, the latter theory seems more likely. Beside the release of proteins acting as auto-

allergens, another hypothesis is that proteins such as the identified Hom’s auto-allergens 

escape central tolerance mechanisms due to their localization within the cell resulting in 

an autoimmune response (VALENTA et al. 2009). However, the hypothesis of cross 

reactivity should not be completely disregarded as highly conserved epitopes are likely to 

be epitopes for NAbs e.g. keratin, laminin and actin (AVRAMEAS 1991). 

To date, according to the literature, the rate of natural antibodies is unknown, but it seems 

reasonable to assume that, physiologically generated auto-IgE as a natural auto-antibody 

should be more than 50 % in healthy children. To evaluate this rate of reactivity it is 

important to mention that up to 50 % of children with eczema do not show detectable 

amounts of specific IgE. This rate is perhaps even higher based on overview studies as 

evaluated in systemic reviews (FLOHR et al. 2004; WILLIAMS and FLOHR 2006). Even if 

atopic eczema is clearly associated with the sensitization to environmental allergens, 

specific IgE seems not to be an important causative factor or discriminator for the 

diagnosis of atopic eczema.  

Evidence from these overview studies show that patients with more severe eczema are 

also more likely to be sensitized and therefore explaining the higher sensitization rates in 

studies performed in hospitals compared to community studies (FLOHR et al. 2004). The 

hospital cases of atopic eczema tend to be more severe than cases in community settings 

(EMERSON et al. 1998), leading to a biased interpretation of clinical studies.  

Furthermore, the association between sensitization and eczema is weaker in countries 

with a low income compared to countries with a high income suggesting risk factors that 

are linked to “western lifestyle” (WILLIAMS and FLOHR 2006).  

In conclusion, whether the classification of atopic eczema in intrinsic (non-allergic) and 

extrinsic (allergic) is still accurate or if the two types are not two distinct forms of atopic 

eczema is not clear. Whether the intrinsic form is a transitional phase of the IgE associated 

at least in infancy is also not clear (BIEBER 2010).  

 

For the analysis of the results of the GINI/LISA study, we used the categorization as 

determined for extrinsic atopic eczema, as the parents were questioned for the diagnosis 
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of atopic eczema. There is evidence that if intrinsic atopic eczema is a transitional form or 

at least not a complete distinct type of atopic eczema, we might have misdiagnosed a few 

children due to erroneous diagnostic and categorization tools.  

 

Furthermore, it has to be added, that the assertion given in the questionnaires was not 

verified. If we consider allergic or atopic eczema as a distinct form and the questionnaire 

asked whether a physician diagnosed atopic eczema or asthma or rhinitis and the parent 

check marked atopic eczema as the diagnosis, the diagnosis was not verified. Subsequently 

we also do not know whether atopic eczema was diagnosed using the major criteria 

including specific IgE or a positive skin prick test (HANIFIN and LOBITZ 1977) or if the 

diagnosis was done using visual examination of the skin only. 

 

In 1995, Mouthon et al. showed considerable differences in the reactivity of natural IgG 

antibodies between healthy individuals (MOUTHON et al. 1995). They reported a higher 

heterogeneity of auto-IgG reactivity between individuals towards proteins derived from 

liver, kidney and muscle and less heterogeneity of auto-IgG reactivity towards brain, 

thymus and stomach (MOUTHON et al. 1995). In a previous study we did on IgE auto-

reactivity, we could show that there is no significant difference in individuals between 

skin, lung and gut IgE auto-reactivity but an unexpected high reactivity against liver 

derived proteins.  

Since we utilized the tumor cell line HepG2, this effect is likely due to its carcinoma nature, 

with a repertoire of protein expression highly modified in these mutated cells (BECK 

2012). However, different reactivity against various tissues or cell types amongst the 

investigated individuals was not analyzed and this has to be done in further experiments.  

 

Differences between IgG from whole serum and purified IgG have been shown with higher 

rates of reactivity for purified IgG (MOUTHON et al. 1995). Here, IgM antibodies in serum 

are considered to control IgG auto-reactivity by inhibiting the binding of auto-reactive IgG 

to self-antigens (ADIB et al. 1990; HUREZ et al. 1993). In our assay we used whole serum 

IgE, which could not exclude the possibility of a higher or more frequent reactivity or 

sensitivity when compared to purified IgE. 

 

Madi et al. analyzed NAbs of IgM and IgG class in newborns and adults. Besides that a  

healthy immune system possess auto-reactivity to a selected set of particular self-

molecules, they believe that primary auto-antibody generation begins already during early 



 

110 
 

life in the uterus (MADI et al. 2012). The authors suggested that self-molecules serve as an 

immunologic stimulus inducing IgM and IgA auto-antibodies during that early stage of life. 

A correlation analysis of auto-reactive IgG auto-antibodies in newborns with their 

mothers yielded a high degree of correlation as one would expect as IgG can cross the 

placenta (MADI et al. 2012). However, the correlation was weak between each of the 

mothers and each of the infants, suggesting an individual repertoire of NAb of IgG class 

(MADI et al. 2012).  

 

In contrast, an insignificant correlation between the mother’s and their newborn’s IgM 

was found but a strong correlation between all newborns, indicating the importance of 

natural IgM (MADI et al. 2012), indicating that children already show a more “mature” set 

of NAbs compared to newborns (MADI et al. 2012). As a result, children already bear a 

large repertoire of NAbs, although not all epitopes of auto-reactive IgE are present in the 

utilized protein pool we used in our assay. As we used a protein pool with a defined 

amount of total protein, another possibility is that the concentration of single target 

proteins could be in the pico or femto molar range and might therefore be too low for the 

few auto-reactive IgE antibodies in serum in addition to a low concentration of epitopes or 

auto-IgE antibodies.  

Corrective would be the identification of the specificity of auto-IgE to offer the target 

epitopes in higher concentration.  

Previous purification of IgE, as mentioned above, would offer the target epitopes in higher 

concentration and corrective this issue. In addition, the assay offered optimized conditions 

for several but not all contained proteins in the used protein pool and therefore we lost 

epitopes due to the pH conditions, the protein linearization or the assay procedures. 

The only study that investigated auto-reactive IgE in infants was performed by Mothes et 

al. in 1995. The objective of this study was to investigate whether IgE autoimmunity could 

play a role in the development of atopic eczema already during childhood.  

Sera from 120 infants were investigated for the presence of auto-reactive IgE by Western 

Blot. The study showed that auto-reactive IgE is already produced in young children, 2-6 

years of age and the formation of IgE auto-reactivity during early childhood has an impact 

on the pathogenesis of atopic eczema later in adulthood (MOTHES et al. 2005). However, 

the lack of using control sera from healthy children in this study led the physiologic 

generation of auto-IgE in children undetected. Moreover, they evaluated the clinical 

manifestation of skin lesions in atopic eczema retrospectively by surveying patients for 

the period from early infancy to 20 years of age. The given information of the onset of 
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atopic eczema in early childhood and its association with the appearance of auto-IgE in 

adulthood confirmed a significantly earlier onset and manifestation of atopic eczema in 

patients with auto-IgE reactivity. But due to the long time period from childhood to 

adulthood and the gaps in correctly remembering from the symptoms as a child, the 

outcome seems a bit biased. 

 

Based on the effect of age on the immune system in humans,  one could argue the reduced 

amount of auto-IgE is caused by the age-depending decrease in antibody-producing B cells 

and a lower amount of switched immunoglobulin isotypes (BLOMBERG and FRASCA 2013; 

BOYD et al. 2013; SCHOLZ et al. 2013). On the other hand, there are findings that an 

inappropriate immune activation leading to an increased level of auto-antibodies in serum 

with age resulting in an increase in inflammatory mediators (BOYD et al. 2013). These 

findings are in agreement with our results in asthmatic adults where disease activity is 

highly associated with presence of auto-IgE reactivity. 

 

The present study shows a decline of auto-IgE with age. At present, there are no data that 

auto-IgE or its properties increase with age in humans although, Mc Coy et al. showed an 

increase in natural IgE with age in mice (MCCOY et al. 2006).  

 

In one of our previous analyses of the GINI/LISA cohort it was noticeable that fewer 

children with eczema showed IgE auto-reactivity. To determine whether auto-IgE 

antibodies could have a protective effect on the development of childhood eczema, we 

corroborated this hypothesis statistically. Children, sensitized towards food allergens, 

diagnosed by a positive RAST/FIA using the allergen mixture of food allergens (fx5) and 

aeroallergens (sx1) with the presence of eczema, showed a negative association between 

auto-IgE reactivity and eczema. These children showed less auto-IgE reactivity, 

consequently we can confirm a positive effect between eczema and auto-IgE, and that 

sensitization lead to higher auto-IgE reactivity.  

We investigated whether auto-IgE can be used as a predictive factor for eczema, using a 

ROC-analysis. Our data revealed that auto-IgE has no predictive value so far.  

For future applications, it might be useful to determine the specificity and possible targets 

of auto-IgE.  

However, the risk of early sensitization seems also a risk factor for the entire course of 

atopic diseases. The Melbourne Atopic Cohort Study (MACS) found that infants who 

developed eczema within the first six months of life were at increased risk of new 
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sensitization later in life and that eczema is a predictor of sensitization. However, 

sensitization to food at an age of six months was associated with an increased risk of 

developing eczema (LOWE et al. 2007).  

All detailed data about eczema and asthma or other diseases examined in the GINI/LISA 

cohorts relied on information the parents provided on their children in questionnaires but 

eczema or asthma was not directly diagnosed by a physician. We do not know and cannot 

retrace whether the diagnosis of atopic eczema was made using the major criteria 

diagnostics of the analysis of specific IgE or a positive skin prick test results (HANIFIN and 

LOBITZ 1977)  or if the diagnoses were made by visual examination of the skin only.  

This impreciseness in the field of diagnosis is one of the biggest disadvantages in large 

birth cohort studies. 

 

A putative protective role of auto- IgE in atopic eczema based on the occurrence of auto- 

IgE is new, but known for years for the role of NAb of the IgM class (AVRAMEAS 1991; 

COHEN 1992; LUTZ 2012). However, it is more complex to predicate the function of these 

globulins in a specific disease as there were few options to test NAbs in adequate study 

groups to investigate their function in specific diseases. This has to be confirmed in a 

larger numbers of patients. 

 

The diagnosis of asthma in pre-school children is complex due to the lack of objective lung 

function measurements and a defined set of biomarkers as Bacharier et al. discussed in his 

review (BACHARIER and GUILBERT 2012). At the age of ten, children are definitely school 

children and the diagnosis of asthma is easy to make.  

Due to the fact that we included asthma diagnosis throughout the whole study, it is 

possible that we did not include some asthmatic patients with onset early in life due to the 

complicated diagnosis.  

Several children suffering from eczema in early childhood develop asthma in later stages 

of atopy (BERGMANN et al. 1998; RHODES et al. 2001; SPERGEL and PALLER 2003) or develop 

asthma during puberty or later (RHODES et al. 2001), requiring a second screening at an 

age of 15 years. Blood samples of children from the GINI/LISA at that age are available and 

should be screened for the presence of auto-IgE to have the longitudinal effect of its 

occurrence. The asthma rate rises to eight per cent at the age of 15 in the GINI/LISA birth 

cohort (oral consultation with Dr. J. Heinrich). Therewith we would have the possibility to 

expose a potential association of IgE auto-reactivity with asthma. 
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Numerous factors are considered driving factors for the manifestation of atopy. As breast 

feeding seems to have a protective effect on the development of atopic eczema (VON BERG 

et al. 2003; GDALEVICH et al. 2001; KRAMER MS et al. 2001) and asthma (DOGARU et al. 2014), 

but data from the literature are controversial (LAUBEREAU et al. 2004; NWARU et al. 2013). 

Parental atopy (VON BERG et al. 2012; HEINRICH et al. 2012), genetic susceptibility (FILIPIAK-

PITTROFF et al. 2011; HEINRICH et al. 2012; HENDERSON et al. 2008; O’REGAN et al. 2008; 

PATERNOSTER et al. 2012; RAJE et al. 2014; SHARMA et al. 2015; WHEATLEY et al. 2002), 

several environmental factors such as outdoor and indoor air-pollution, ozone or fine air-

borne particles (CRAMER et al. 2007; HEINRICH et al. 2012; JUNG et al. 2012; KÜNZLI et al. 

2008; SILVERMAN and ITO 2010; SPIRA-COHEN et al. 2011) or hygiene (hygiene hypothesis) 

might all play a role  (STRACHAN 1989). No single factor might be accountable as the only 

risk factor in the development of atopy. It is more likely that multiple factors are to be 

blamed in atopic eczema, asthma or rhino conjunctivitis.  

Moreover, risk factors are also likely to change over time for areas and countries as a 

consequence of demographic factors including family size, hygiene and allergen exposure 

(WILLIAMS et al. 2008), and all these environmental factors might have a different impact 

on the development of atopy in different areas of the world (FLOHR et al. 2004).  

 

 

As auto-IgE is believed as a triggering factor for atopic diseases, provoking its 

manifestation or aggravation we expected an association with atopy driving factors 

mentioned above. But rarely a parameter we analyzed is associated with the occurrence of 

auto-IgE. Neither breast feeding nor the feeding of formula with different levels of 

hydrolyzed proteins affect auto-IgE reactivity nor the early day nursery of children.  

Further we could show few associations between the area where these children live and 

auto-IgE reactivity. As children who live in Munich have a higher chance to develop auto-

IgE reactivity towards skin but not against the lung. In contrast children living in more 

rural areas as Bad Honnef showed no association to the occurrence of auto-IgE. All these 

related factors display an inconsistent pattern, render it is impossible to predicate a 

putative risk to develop auto-IgE when living in certain areas. 

Parental atopy showed a significantly higher risk for their offspring to develop auto-IgE 

when the parents were sensitized to food allergens. This is recurrent, as children show the 

same phenomenon.  

 

However, taking the entirety of the results there is a lack of association. As auto-IgE in 
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children does not show any association with the clinical outcome of atopy it seems likely 

that there is no association between factors that trigger atopy. In contrast we showed 

evidence for a protective role of auto-IgE towards atopic eczema in children. 

 

This is different for adults with atopic eczema as shown for patients recruited for the BiA 

study as well for adult asthmatic patients we investigated. To date we can predicate a 

higher incidence of IgE auto-reactivity for atopic eczema patients compared to patient 

with other inflammatory skin diseases such as urticaria, psoriasis, bullous pemphigoid, we 

investigated in the BiA-study. Several previous studies already have shown an association 

of auto-IgE reactivity and atopic eczema (KORTEKANGAS-SAVOLAINEN et al. 2004; NATTER et 

al. 1998; SCHMID-GRENDELMEIER et al. 2005).  

 

A highly significant correlation between IgE auto-reactivity and the control status of adult 

allergic asthmatic patients was found. Patients with non-allergic asthma showed no 

significant correlation with respect to auto-IgE reactivity. 

Non-allergic asthma is independent of IgE it is possible that the IgE antibodies present in 

the serum of those patients are not sufficient to react with the offered antigens or 

epitopes. 

However, we discovered atopic patients with consistently lower IgE levels showing auto-

IgE reactivity in the immunoassay.  

The auto-reactivity in allergic asthmatic and atopic eczema patients was proof for proteins 

derived from skin and lung, suggesting ubiquitous expressed proteins as a target for the 

auto-reactive IgE antibody.  

This has already been shown for several constitutive expressed proteins such as MnSOD 

(CRAMERI et al. 1996; FLÜCKIGER et al. 2002), ribosomal phosphoprotein type 2 (p2) (MAYER 

et al. 1999), profilin (VALENTA et al. 1991), thioredoxin, Hom s1(VALENTA et al. 1998), Hom 

s2 (MITTERMANN et al. 2007), Hom s3 (VALENTA et al. 2000), Hom s5 (VALENTA et al. 2000).  

 

To date, there is little known about the impact of auto-reactive IgE antibodies on asthma. 

The assumption of the same effect of auto-IgE on inflammatory lung and on inflamed skin 

of atopic eczema patients both with an impaired barrier function (DE BOER et al. 2008; XIAO 

et al. 2011) seems obvious, anyhow no study for human beings is available to date. 

Bünder et al. showed in 2004 that in a murine model of bronchial asthma, the sensitization 

with a potential self-antigen induced an allergic immune response. The authors 

hypothesized that a cross-sensitization to self-protein represents a pathomechanism for 
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the continuation to chronic forms of allergy (BÜNDER et al. 2004). The impact of IgE auto-

reactivity on airway inflammation and asthma remains still unknown. Thus our study is 

the first investigation of IgE auto-reactivity in asthmatic patients to date. 

 

We were able to identify similarities between adults and children, confirming that factors 

like sex, BMI and total-IgE have no influence on auto-IgE reactivity. Our analyses in both, 

adults and children, did not reveal any correlation regarding these factors. A few studies 

revealed the same outcome for sex (ALTRICHTER et al. 2008; SCHMID-GRENDELMEIER et al. 

2005; ZELLER et al. 2009).  

In our investigation, we revealed the contrary for parameters, confirmed of being 

associated with IgE auto-reactivity. To date, a positive correlation between auto-IgE 

reactivity and the total amount of IgE in serum has been shown numerous times 

(ALTRICHTER et al. 2008; SCHMID-GRENDELMEIER et al. 2005; VALENTA et al. 1996; ZELLER et al. 

2009). Valenta et al. showed no analysis of the mentioned regression, but referred to a list 

of collected data only. Nevertheless, the authors stated that these two parameters are not 

always related in certain patients they investigated. The authors concluded that a high 

amount of total IgE is not an absolute prerequisite for the occurrence of IgE reactivity, 

which is in agreement with our observation (VALENTA et al. 1996).  

None of our study populations revealed a correlation between the total and the self- 

specific IgE antibodies. Another factor that was frequently indicated as being associated 

with the occurrence of auto-IgE and its reactivity, is the severity of disease in atopic 

eczema patients as assessed by SCORAD (Scoring Atopic Dermatitis) (HIGASHI et al. 2009; 

KINACIYAN et al. 2002; MOTHES et al. 2005; NATTER et al. 1998; SCHMID-GRENDELMEIER et al. 

2005; SZAKOS et al. 2004; ZELLER et al. 2009). Only two studies stated a statistical 

significance (SCHMID-GRENDELMEIER et al. 2005; SZAKOS et al. 2004), while Mothes et al., 

Higashi et al. and Zeller et al. reported an insignificant association between IgE auto-

reactivity and an increased disease severity. Regarding SCORAD as measure for disease 

severity, one has to consider the 2-sided variability, the patient and the medical personal. 

From patients’ side sleeplessness and pruritus are individually perceived differently 

resulting in variable, individualized SCORAD. From the medical personal side, assessments 

between physicians might be different as well, yielding to biased SCORAD results.  

 

Methodological variations including the selection of patients, diagnostics, and different 

laboratories are all factors to be considered leading to different results of the same 

parameters investigated. As a result, direct comparison across different studies is not 
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always beneficial. Molecular factors or better still a molecular profile specific for the 

dimension and severity of atopic eczema would be more reliable because less subjective 

(HAMID et al. 1996; HAMID et al. 1994; SAITO 2005) Presently, we do not know how to 

replace diagnostics by a medical examiner. 

 

Sensitization data for children who participate in the GINI or LISA study are publicized. All 

children were tested for their sensitization to aeroallergens (mixed allergen test sx1; 

grass, rye, mugwort, birch, Cladosporium herbarum, house dust mite, cat, dog) and food 

allergens (mixed allergen test fx5; ovalbumin, milk, flour, codfish, peanut, soybean) by 

RAST/FIA.  

 

The result was unexpected, as the self-reactivity was different for the two sensitization 

patterns against aeroallergens and food allergens. Children who are sensitized against 

food did show significant auto-IgE reactivity towards skin and lung. In contrast, children 

who are sensitized against aeroallergens, showed significant auto-IgE reactivity 

exclusively towards lung derived proteins.  

A subsequent analysis showed, that some allergens that are significantly associated with 

auto-IgE reactivity in a dose-dependent manner, leading to increasing auto-IgE reactivity.  

 

Sensitization to specific allergens led to a more frequent “high” (cut-off 2 reactivity) and 

“very high” (cut-off 3 reactivity) auto-reactivity. As we calculated the odds ratios it was not 

possible to determine the risk factor or dependent variable.  

We were able to show that sensitization drives auto-IgE reactivity, which is one 

presumable possibility for the risk to develop higher auto-IgE reactivity towards lung and 

skin derived proteins depending on the sensitization pattern.  

Furthermore, we have shown that there is a homology in the protein sequence between 

the allergens driving a dose response in auto-reactivity and any of the known 

autoallergens (Hom s). The major allergen of codfish (Gad m1) is parvalbumin, a calcium 

binding protein, with a protein sequence similar (http://www.uniprot.org/blast) to the 

sequence of homolog proteins such as Hom s4, also a calcium binding protein.  

Thus far, none of the major tested allergens (sx1/ fx5) revealed sequence homology with 

any of the known Hom s auto-allergens, except for conserved proteins like MnSOD. It 

might be possible that smaller sequences than the calcium-binding site or other epitopes 

show a minor sequence homology.  

So far the entire outcome, mainly in adults, showed the same reactivity towards proteins 
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from different origin, suggesting ubiquitous expressed proteins as target for auto-IgE. 

   

In this case it seems that the lung is the only target organ for IgE auto-reactivity, when a 

sensitization towards inhalant allergens exists. Suggesting a sensitization through the 

respiratory tract encounters the lung more exclusively including tissue damage and the 

externalizing of target tissue proteins. 

It is a point of discussion whether spreading of target self-proteins are distributed from 

the skin, as this is the first point of contact with mechanical tissue damage combined with 

(chronic) inflammation.  

 

There is evidence that asthma is associated with food allergy, linking sensitization to food 

with respiratory symptoms (GILLMAN and DOUGLASS 2010; VAN DEN OORD and SHEIKH 2009), 

and speculation to whether a mutation of the filaggrin gene is a predisposing factor for 

allergic sensitization and its progression to allergic disease (VAN DEN OORD and SHEIKH 

2009; VENKATARAMAN et al. 2014).  

 

Another aspect that needs to be considered is sensitization towards inhaled house dust 

mite allergens (Der p1, Der p2) as besides mugwort, these allergens demonstrate a 

significant risk for IgE auto-reactivity. Der p1 and Der f1 are known allergens with 

protease activity (THOMAS et al. 2007). Der p1 cleaves intercellular epithelial tight 

junctions, allowing allergens penetration from the airway lumen to submucosal structures 

with antigen-presenting cells (GREGORY and LLOYD 2011; WAN et al. 1999). This tissue 

damage leads to an impaired epithelial barrier function which is potentially one of the 

thriving factors for poorly controlled asthma (BHURE et al. 2009; TURI et al. 2011).  

The impact of a single allergen like Der p1 has to be investigated in more detail as we have 

a significant risk of self-reactivity after sensitization with Der p1 and Der p2 and the 

release of self-proteins with a potential risk for self-reactivity by IgE. A final judgment 

about the difference of self-reactivity and sensitization is not feasible yet. 

 

To investigate whether the auto-IgE reactivity varies among different cell types or 

whether it is exclusively reserved for proteins derived from epithelial cells, we analyzed 

various patients of the BiA study for their auto-reactivity against proteins extracted from 

PBMCs received from four genetically unrelated donors. These serum samples varied in 

their intensity and reactivity to the different protein extracts from skin, lung or PBMCs but 

showed a consistent pattern of reactivity for all analyzed samples.  
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Our statement that the reactivity of auto-reactive IgE is not specific for epithelial proteins 

is also supported by observations of Valenta et al. in 1996. Valenta et al. investigated 

protein extracts from different cells including PBMCs using immunoblotting. Atopic 

eczema patients showed reactivity towards proteins from several cell types including 

PBMCs (VALENTA et al. 1996). Seiberler et al. investigated protein extracts from different 

tissues and allergic effector cells and could show that auto-IgE target proteins are 

scattered even among tissues that are no target for atopic manifestation (SEIBERLER et al. 

1999).  

 

Along with some of our previously results (BECK 2012) Seiberler et al. showed auto-

reactivity towards liver proteins, in agreement with our results of IgE auto-reactivity 

towards lung proteins, although Seiberler et al. utilized a different tissue source, as they 

used biopsies to extract the proteins (SEIBERLER et al. 1999).  Target proteins of auto-IgE 

are not restricted to epithelial cells and seem to be distributed over several organs and cell 

types. Intracellular proteins that are potentially auto-antigens are released into the 

circulation or tissue environment due to tissue damage that is triggered by (chronic) 

inflammation or mechanical irritation like scratching (Figure 1).  

 

The distribution of the target proteins leads to the immobilization on effector as well as 

inducer cells of atopy via specific bound IgE and IgE receptors (FcεRI, CD23) (SEIBERLER et 

al. 1999) (Figure 1).  In addition one has to consider, that FcεRI bearing cells (e.g. 

basophils, eosinophils) are isolated within PBMC fraction. FcεRI is the high affinity 

receptor for IgE, as we extracted the whole protein extract FcεRI is potentially part of it. 

We cannot exclude that some IgE antibodies were bound to its high affinity receptor 

although this might only be few percentage of the measured reactivity due to the low 

numbers of these cells. 

 

If auto-IgE is a natural auto-antibody with known properties, the characteristic of the 

polyspecificity and polyreactivity could explain the non-specificity of the verified IgE auto-

antibodies to epithelial protein. NAbs are polyreactive but this does not mean lack of 

specificity. Each natural autoantibody includes its own distinct set of epitopic specificities 

and is therefore unique (LACROIX-DESMAZES et al. 1998; TRENYNCK and AVRAMEAS 1986). 

NAb show a broad range of affinity as known for the past decades (AVRAMEAS 1991; 

LACROIX-DESMAZES et al. 1998) and this might explain why different subjects show a 

different reactivity to auto-IgE. 
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As lifestyle and nutrition are indirect factors, we analyzed the serum high density 

lipoprotein cholesterol (HDL) and the presence of auto-IgE reactivity using a logistic 

regression analysis.  The results from these analyses revealed in an inverse correlation 

between HDL and auto-IgE reactivity the higher the serum HDL, the lower the auto-IgE 

reactivity.  

 

It is known that IgE plays a role in coronary heart diseases and there is evidence that high 

level of serum IgE is a prognostic factor for myocardial infarction and cardiac death in 

dyslipidemia and positive correlated with the severity of cardiovascular disease (KOVANEN 

et al. 1998; WANG et al. 2011). In contrast, subjects with low HDL are at greater risk to 

develop coronary heart disease (TAN 1980). In most of our categorized groups, the total 

IgE decreased with an increasing HDL as the auto-IgE did (data not shown). 

Lower IgE levels imply a lower risk for CVD as a higher HDL does, and this observation is 

in agreement with the findings by Kovanen et al. Why these patients have a lower IgE 

auto-reactivity remains unknown. A more detailed and sophisticated analysis is necessary 

to elucidate a possible association. There is evidence that overweight is associated with 

asthma (PLATTS-MILLS et al. 2000), overweight is associated with less exercise and bad 

eating habits as the HDL does and most overweight or obese subjects have a very low 

circulating HDL levels. A new aspect on auto-reactivity research would investigate if life 

style and nutrition have an impact on auto-IgE reactivity. 

 

The BiA study was conducted using study internal healthy controls and is therefore 

different to all other studies presented. For each of the other studies, we used control 

patients from the Department of Dermatology, Biederstein Hospital as well as study 

participants recruited at different locations or at different times (year/ month). However, 

we had no negative controls that were study-internal controls in other studies. The 

healthy control subjects used in the BiA study were patients that came to the Department 

of Dermatology at the Biederstein Hospital due to non-immunologic health issues such as 

epidermal nevus or sunburn.  

The BiA study represents atopic eczema patients as the only group with highly reactive 

auto-IgE against all proteins from three different cell types, PBMCs, skin, and lung. IgE 

auto-reactivity in atopic eczema patients has been confirmed in several studies during the 

last decades (KORTEKANGAS-SAVOLAINEN et al. 2004; NATTER et al. 1998; SCHMID-

GRENDELMEIER et al. 2005). In 1996 twenty atopic eczema patients were analyzed for their 
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autoreactivity by immunoblotting, whereat 70 % were tested as autoreactive against 

different human proteins (VALENTA et al. 1996). In 1999 eight atopic eczema patients were 

tested against their self-reactivity towards sub-cellular fragments and again proteins from 

different tissues in which all tested atopic eczema patients show autoreactivity (SEIBERLER 

et al. 1999). ). To distinguish the repertoire of IgE-binding target antigens that are 

associated with atopic eczema, Zeller et al. analyzed 71 atopic eczema patients. A positive 

reaction against a variable pattern of IgE auto-reactivity towards one or more tested self-

antigens was shown in 71.8 % (ZELLER et al. 2009). Our result suggests a considerable 

difference between the IgE self-reactivity in children and adults. In children, we could not 

find any association between auto-IgE reactivity and symptoms or manifestation of atopic 

eczema as compared to adults. 

At a glance, in children we could not verify a difference of the occurrence and the height of 

reactivity of auto-IgE antibodies between healthy and diseased children, neither atopic 

nor autoimmune or any other disease.  

Children having atopic eczema or allergic asthma do not show a higher incidence on the 

generation or the occurrence of auto-IgE than healthy ones. Rather we identified a 

significant protective effect of auto-IgE in preventing atopic eczema. However, with regard 

to a small sample size, the calculated ROC was statistically not significant. 

 

We could demonstrate an association between atopic eczema and auto-IgE in adult 

patients as patients with atopic eczema is the group with the highest incidence of IgE self-

reactivity in the BiA study. Likewise, we showed a significant association between auto-

IgE reactivity and allergic asthma as these patients have a higher rate of auto-IgE 

reactivity towards lung and skin.  

In a small group of adolescents, we showed a decrease in auto-IgE, however, the sample 

size was too small, and it seems intriguing to continue screening samples of 15-years old 

from the GINI/LISA cohort.  

 

A second disease emerging from the BiA study was the Dermatomyositis, an idiopathic 

inflammatory ischemic myopathy. This disease is considered to result from a complement-

mediated injury without knowing how this pathway is activated (KISSEL et al. 1986). 

Beside several auto-antibodies, the involvement of CD4 T cells (Th1, Th17), dendritic cells 

and mainly B cells is known. The role of auto-antibodies in the pathogenesis of muscle 

damage as well as the entire cause and onset of this disease remains unknown (ARAHATA 

and ENGEL 1984; LUO and MASTAGLIA). In consideration of this insufficient knowledge of 
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Dermatomyositis it is hard to predicate evidences about the auto-IgE occurrence. 

Moreover, Dermatomyositis can classified in different subgroups based on molecular 

analysis and categorization, which was not done in our survey (DALAKAS and HOHLFELD 

2003; GREENBERG et al. 2002; LUO and MASTAGLIA).  

 

A second small group of patients, suffering from SLE, showed higher auto-IgE reactivity. 

The detection of auto-reactive IgE antibodies was already confirmed by Charles et al. and 

Dema et al. as they show auto-reactive IgE antibodies in mice (CHARLES et al. 2010) and 

men (CHARLES et al. 2010; DEMA et al. 2014) towards dsDNA (CHARLES et al. 2010; DEMA et 

al. 2014) and several other auto-antigens (DEMA et al. 2014).  

As both of these studies showed, (CHARLES et al. 2010; DEMA et al. 2014). gE is involved in 

circulating immune complexes. Systemic lupus erythematosus is characterized by 

hyperactive cells including B cells resulting in polyclonal B cell activation and increased 

numbers of plasma cells. Systemic lupus erythematosus subsequently is characterized by 

an increased production of autoantibodies and the presence of various immunoglobulins. 

The role of the different immunoglobulin isotypes in the onset and progression of SLE 

remains unclear (DEMA et al. 2014). Dema et al. showed a link between auto-IgE directed 

against seven auto-antigens and disease activity in 65 % of SLE patients.  In patients with 

active disease, this was raised up to 83 % further suggesting that IgE may be a reasonable 

predictor of SLE (CHARLES et al. 2010; CHARLES and RIVERA 2011; DEMA et al. 2014).  

 

Several IgM NABs are related to autoimmune diseases and SLE is associated with IgM 

NAbs towards Hep-2 although several other NAb do not show any clear disease 

association (WARDEMANN et al. 2003).  

In contrast, Valenta et al. and Seiberler et al. showed any auto-IgE reactivity in SLE 

patients. They studied ten female SLE patients with a wide range of total IgE, but the 

reactivity might have been hampered by to the treatment with corticosteroids and 

immune suppressants (VALENTA et al. 1996). Seiberler et al. studied only two SLE patients 

without clinical symptoms. According to Dema et al. the incidence of auto-IgE rises with 

disease activity (DEMA et al. 2014), which might the restricting factor here.  

 

The non-reactivity of healthy subjects (SEIBERLER et al. 1999; VALENTA et al. 1996)  or 

patients with urticaria (VALENTA et al. 1996) and psoriasis (ZELLER et al. 2009) is similar to 

our results. One patient with Bullous pemphigoid showed auto-IgE reactivity towards 

proteins derived from PBMCs and lung, but not from skin, but the rest of Bullous 
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pemphigoid patients does not show any self-reactivity, in accordance with findings from 

Valenta et al (VALENTA et al. 1996). 

Autoreactive patients out from the BiA study were recruited a second time to test self- 

reactivity by skin prick testing. A biopsy from healthy skin was used as a prick to prick test 

of autologous skin protein suspension. None of the patients showed a distinct and highly 

positive prick test. Certainly, most of the tested patients were not atopic eczema patients 

but suffered from different skin diseases. The few tested atopic eczema patients were in 

remission at the time of the prick test. For futures studies, we should concentrate on these 

particular atopic eczema patients.  

 

Moreover we performed a basophile activation test, for each patient where we used the 

same protein solution to activate basophiles as we used for the immunoassay. However, 

we could not activate basophils in any of the patients. Concerning the prick test, we have 

to focus on atopic eczema patients as we expect a possible activation in these patients. In 

addition, the concentration of target protein in our protein suspension has to be enriched, 

as the concentration of the target proteins might have been too low. 

 

In summary, we have shown that auto-reactive IgE is a naturally occurring antibody in 

children. Auto-IgE is associated with atopic eczema and the severity of asthma in adults 

suggesting a pathomechanism of auto-IgE in adults. If auto-IgE has a similar effect in 

children is still unclear, since auto-IgE is produced physiologically. Preliminary results in a 

small group of adolescents suggest a decline of auto-IgE starting at the age of thirteen 

years. 

 

The two distinct properties of a self-reacting antibody in two different stages of life leads 

to speculations which individuals keep auto-IgE antibodies until adulthood and which will 

loose them or is this a recurrent phenomenon in adults?  

Since self-reactivity is physiologic and needs to be distinguished from autoimmunity 

(WARDEMANN et al. 2003),  it would be interesting for future studies to elucidate when the 

physiologic self-reactivity turns into pathologic IgE auto-reactivity.  

Auto-reactivity decreases with each step of B cell development although is not eliminated 

(WARDEMANN et al. 2003) it might be mandatory to test whether auto-IgE antibodies are 

germline encoded. 
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 Various NAbs are not related to particular disease as we know of to date and many NAbs 

might have a potential for diagnostic or predictive value (LESLIE et al. 2001). 

Further future research should focus on naturally generated self-reactive antibodies in 

different diseases in human which are associated with high serum IgE, for example the 

Wiskott-Aldrich Syndrome (WAS). 

The Wiskott-Aldrich Syndrome is characterized by immune deficiencies including 

lymphopenia with T and B cells depletion in the thymus and a impaired delayed type 

hypersensitivity but is strongly associated with high serum IgE levels. Patients with WAS 

have hardly any T or B cell but highly elevated IgE and IgA levels in serum from age six to 

eight years of age and eczema is a frequent diagnosed (OCHS 2001).  

 

Another disease which warrants further analysis of serum auto-IgE reactivity, is Churg- 

Strauss Syndrome (CSS) also known as eosinophilic granulomatosis with polyanngiitis. 

Similar to WAS, CSS patients show elevated serum IgE levels as well as elevated numbers 

of eosinophils in blood and tissue, most commonly in the lung. In patients with CSS, 

asthma and vasculitis are concurrent symptoms (EUSTACE et al. 1999). The asthma is 

frequently severe and associated with eosinophilia typically seen in bronchial asthma and 

most of these patients have no family history of atopy (EUSTACE et al. 1999). Therefore, 

both diseases would be good candidates to investigate if IgE has an auto-reactive character 

 

To further understand the mechanism of auto-IgE reactivity in adults and its association in 

atopic eczema and allergic asthma, an experimental mouse model of passive sensitization 

needs to be established. To further address the question if auto-IgE manifests or 

aggravates atopic eczema or asthma, The intention of this animal model is to passively 

sensitize mice by transferring syngeneic IgE specific to ovalbumin into animals that 

express membrane-bound (mOVA) or soluble ovalbumin (sOVA) as a model self-antigen 

under the control of the K14-promotor (SHIBAKI et al. 2004). Our intention was to 

accomplish OVA sensitization in C57BL/6 wild type mice, since mOVA and sOVA 

transgenic mice are based on the C57BL/6 background knowledge. C57BL/6 mice can be 

immunized against OVA but this mouse strain is considered to generate only small 

amounts of IgE (HERZ et al. 1998; ZHANG et al. 1997) as it has been shown in a former 

study (BECK 2012). As the IgE concentrations were not sufficient for passive 

immunization, we decided to isolate OVA-specific IgE from sera of BALB/c mice that were 

sensitized in our laboratory for a previous study. To reduce any reaction due to the two 

different mouse strains’ background and the concurrent presence of OVA-specific IgG 
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antibodies, we extracted albumin and the entire IgG compound. A pilot study was 

performed but the analysis was not completed when this dissertation was written.  
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