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cent decades, many efforts have been made to elucidate 
the immunological mechanisms underlying AE  investi-
gate its genetic background. Scientifi c achievements in 
these fi elds have led to a better understanding of the un-
derlying pathophysiology and gave rise to a more precise 
defi nition of AE as refl ected by a very recently revised 
nomenclature for AE by the Nomenclature Review Com-
mittee of the World Allergy Organization. In this context, 
the term ‘atopic eczema’ is only used for skin reactions 
based on IgE sensitization as proven by allergen-specifi c 
IgE assays and/or skin tests  [1] . 

 Pathophysiology 

 Much progress has been achieved in recent years in 
understanding the pathophysiology of this chronic skin 
disorder. Genetic predisposition, immunological abnor-
malities and environmental factors represent important 
pieces  in the pathophysiological puzzle of AE. The natu-
ral course of AE fl ares shows an acute and a chronic phase, 
with different leading immunological processes resulting 
in diverse histological pictures. In acute eczematous skin 
lesions, spongiosis of the epidermis prevails, with large 
numbers of antigen-presenting cells (APC) binding IgE 
molecules on their surface. In addition, infi ltration of 
mostly CD4+ T cells in the dermal compartment is pres-
ent as well. In chronic skin lesions showing strong lichen-
ifi cation with an acanthotic epidermis and elongation of 
rete ridges, increased numbers of IgE-bearing APC are 
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 Abstract 
 Atopic eczema (AE) belongs to the group of atopic dis-
eases that have become increasingly prevalent over the 
last decades. The pathophysiology of AE has long re-
mained enigmatic, but much scientifi c effort has been 
invested in elucidating the genetic background and the 
immunological mechanisms underlying AE, leading to a 
better understanding of this complex disease and to new 
therapeutic strategies. This review provides an update 
on the scientifi c progress that has been achieved in clar-
ifying the pathophysiological mechanisms of AE. 

 Copyright © 2005 S. Karger AG, Basel 

 Introduction 

 Atopic eczema (AE) is a chronic infl ammatory pru-
ritic skin disease which usually emerges for the fi rst time 
during early infancy and may persist throughout adult-
hood. In some cases, initial lesions of AE may also arise 
later in adults. Over the last decade, AE has shown a ris-
ing prevalence and, together with allergic rhinitis and al-
lergic asthma, AE belongs to the group of atopic diseases 
which are characterized by an increased Th2 immune re-
sponse with a complex hereditary background  [1] . In re-
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present next to eosinophils that most likely contribute to 
the chronic infl ammation by the production and release 
of proinfl ammatory cytokines and degranulation of toxic 
cationic proteins provoking tissue damage  [1, 3] . 

 Genetics 
 The complex genetic basis of this hereditary skin dis-

ease is refl ected by the observed increased risk of new-
borns of developing AE whenever both parents are af-
fected. This increased risk is superior to the risk of devel-
oping AE if the parents suffer from another atopic disease 
such as allergic asthma or allergic rhinitis, leading to the 
assumption that specifi c genes are associated with AE  [2] . 
A great number of AE loci have been identifi ed, notably 
on chromosome 5q31–33 which contains genes for the 
Th2 cytokines interleukin (IL)-3, IL-4, IL-5, IL-13 and 
GM-CSF  [3] . Genetic studies identifi ed a connection be-
tween AE and variants of the IL-13 coding region, func-
tional mutations of the promotor region of RANTES 
(17q11) and gain-of-function polymorphisms in the  � -
subunit of the IL-4 receptor (16q12)  [4] . Polymorphisms 
in the IL-4 receptor region could also be linked to a vari-
ant of AE, formerly termed ‘intrinsic atopic eczema’ and 
now termed ‘eczema’: patients with eczema show all 
clinical signs of AE in the absence of increased serum 
IgE levels and IgE sensitization to common aeroaller-
gens  [5] . A connection of genes on chromosome 11q13 
encoding for the  � -chain of the high-affi nity receptor for 
IgE  (Fc � RI) has been controversially discussed  [6] . 
Genes on chromosome 3q21 encoding the costimula-
tory molecules CD80 and CD86 have been proposed to 
be associated with AE in a genome-wide linkage study 
 [7] , whereas another study linked psoriasis and AE to 
loci on chromosomes 1q21 and 17q25  [8] , proposing 
common candidate genes involved in skin infl amma-
tion. AE has also been associated with a low-producing 
transforming growth factor- � 1 (TGF- � 1) phenotype 
which might enhance skin infl ammation due to the lack-
ing anti-infl ammatory properties of TGF- � 1  [9] . In view 
of the hygiene hypothesis, it is assumed that early con-
tact with bacterial products might exert a protective ef-
fect against atopic diseases  [10] . In this context, poly-
morphisms of Toll-like receptors, the principal receptor 
for bacterial endotoxin recognition, have been investi-
gated. While some studies provide controversial results 
as to a connection between TLR4 polymorphisms and 
allergic asthma  [11, 12] , another recently published 
study linked a TLR2 R753Q polymorphism to a sub-
group of AE patients with a severe phenotype  [13] . 

 Immunological Abnormalities 
 Systemic Immune Response 
 AE patients show peripheral blood eosinophilia and 

elevated serum IgE levels refl ecting the predominant Th2 
immune response in this disease. Moreover, serum levels 
of interferon (IFN)- �  have been shown to be decreased in 
AE patients, which might be related to a defi cient produc-
tion of the IFN- �  cytokine IL-18 by AE patients  [14] . 
Furthermore, frequencies of allergen-specifi c T cells pro-
ducing IL-4, IL-5 and IL-13 but low IFN- �  are elevated 
in AE patients, further contributing to the Th2 predomi-
nance  [15] . In this context, the recently reported prefer-
ential apoptosis of circulating Th1 cells in AE patients 
might further accelerate this Th2 predominance  [16] . 
Since the Th2 cytokines IL-4 and IL-13 are critically in-
volved in inducing IgE isotype switching, they are of great 
importance. IL-5 plays a central role in the development 
and activation of eosinophils and also contributes to the 
prolonged survival of eosinophils in AE patients  [17] . 

 Cytokine Expression in Skin Lesions 
 Since it is well accepted that Th2 cytokines play a pre-

dominant role in systemic immune response in atopic 
individuals, many studies have analyzed their presence 
within AE skin lesions. In this context, comparative in-
vestigations of unaffected skin of AE patients versus skin 
of healthy nonatopic individuals could demonstrate in-
creased mRNA for IL-4 and IL-13 in AE patients  [18] . In 
acute skin lesions of AE patients, mRNA of the Th2 cy-
tokines IL-4, IL-5 and IL-13 was elevated compared with 
unaffected skin of AE patients. In acute AE skin lesions, 
mRNA for Th1 cytokine IFN- �  and IL-12 was not sig-
nifi cantly detectable, in contrast to chronic AE skin le-
sions where increased mRNA for IFN- �  and IL-12 but 
also IL-5 and GM-CSF could be demonstrated, leading 
to the assumption of a biphasic course of AE with a more 
marked Th2 profi le during acute AE, whereas Th1 pre-
dominance is found in the chronic phase of AE  [19] . An 
immunohistochemical study demonstrated elevated IL-
17 in acute AE lesional skin while IL-11 was detected in 
chronic lesions. Both cytokines play a central role in tis-
sue remodeling  [20] . Another comparative study demon-
strated decreased expression of IL-15 mRNA in acute and 
chronic AE skin lesions compared with psoriasis lesions. 
On IL-15, a Th1-like cytokine was shown to induce IFN- �  
production and to suppress IgE synthesis, leading to the 
assumption that decreased IL-15 in AE patients might 
further contribute to the Th2 predominance  [21] . Cyto-
kine production was also examined during the early gen-
esis of skin lesions using an atopy patch test (APT) con-
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sisting in the application of aeroallergens to the skin in 
order to provoke an eczematous reaction. In this context, 
provocation with house dust mite led to increased expres-
sion of the Th2 cytokine IL-4 in the initial phase, while 
after 24–48 h the Th1 cytokine IFN- �  was found  [22] , 
providing further evidence for a biphasic nature of AE. 

 Antigen-Presenting Cells 
 Signifi cant numbers of IgE-bearing Langerhans cells 

(LC) and infl ammatory dendritic epidermal cells (IDEC) 
which express Fc � RI are present in the lesional skin of 
AE patients  [23, 24] . Both cell types belong to the group 
of myeloid dendritic cells (DC) and play a central role in 
the uptake and presentation of antigens or allergens to 
Th1 and Th2 cells  [25] . In terms of antigen-focusing, al-
lergens can be internalized via Fc � RI and further pro-
cessed for antigen presentation to T cells. Neither Fc � RI+ 
IDEC nor Fc � RI+ LC can be found in healthy skin  [24] . 
Fc � RI expression on LC and IDEC might result from high 
serum IgE levels, but could also be connected with a low 
TGF- � -producing phenotype as we could show recently 
that both conditions are capable of stabilizing Fc � RI on 
LC and IDEC in vitro  [26, 27] . Moreover, recent data 
provide evidence that Fc � RI expression on DC in the skin 
might mirror a systemic immunological response to atop-
ic disease as it could be shown that Fc � RI+ LC are also 
present in unaffected skin of patients suffering from al-
lergic rhinitis, allergic asthma and AE during the active 
phase of the disease  [28] . Recent data provide evidence 
that LC and IDEC contribute differently to the develop-
ment of AE. In this context, it has been shown that Fc � RI+ 
LC are critical in the initiation of an eczematous skin re-
action during atopic skin testing, which suggests that 
Fc � RI+ LC play a central role in the initial phase of AE 
 [25] . 

 The clinical relevance of Fc � RI+ LC is refl ected by the 
observation that their presence is necessary to provoke 
an eczematous reaction after application of aeroallergens 
in the APT  [29] . Further on we could show in vitro that 
Fc � RI-activated LC-like DC release chemotactic signals 
and increase the migratory capacity of precursor cells of 
IDECs and naive T cells. Furthermore, Fc � RI-activated 
IDEC-like DCs produce high amounts of proinfl amma-
tory cytokines as well as chemokines such as IL-1 and 
TNF- �  and might thereby amplify the infl ammatory im-
mune reaction in AE patients. In addition, Fc � RI-acti-
vated IDEC-like DC prime naive T cells into IFN- �  pro-
ducing T cells and release IL-12 and IL-18, leading to the 
assumption that IDEC might be critically involved in the 
switch of Th2 to Th1 immune responses  [25] . 

 It has been suggested very recently that a second pop-
ulation of DC, the so-called plasmacytoid DC (pDC), are 
involved in pathophysiological mechanisms underlying 
AE. Upon activation, pDC are able to produce type-I in-
terferons and are known to play a central role in viral 
defense. A recent publication reports that in contrast to 
other infl ammatory skin diseases only very few pDC 
could be detected in AE lesions  [30] . This might result 
from decreased expression of skin-homing molecules 
such as the cutaneous lymphocyte antigen (CLA) and the 
L-selectin CD62L which are both expressed in lower lev-
els on pDC of AE patients  [31] . Furthermore, pDC of AE 
patients expressed high levels of Fc � RI and its aggrega-
tion impaired the surface expression of MHC molecules, 
induced the production of IL-10 and enhanced the apop-
tosis of pDC. Importantly, Fc � RI-preactivated pDC pro-
duce less type-I interferons after stimulation with CpG 
motifs  [31] . Thereby pDC might contribute to the en-
hanced susceptibility of patients with AE to viral infec-
tions  (fi g. 1) . 

 Infi ltration of Infl ammatory Cells 
 Soluble factors predominate the cellular infi ltrate in 

AE lesions. Increased expression of IL-16 attracting 
CD4+ T cells has been demonstrated in acute lesions  [32] . 
Further on, the CC cytokine RANTES, MCP4 and eo-
taxin have been demonstrated in lesional skin of AE pa-
tients. Most likely they contribute to the chemotaxis of 
CCR3+ eosinophils as well as Th2 T cells  [33, 34] . Kera-
tinocytes of AE patients are capable of producing in-
creased amounts of the chemokines TSLP as well as MDC 
and thereby contribute to the activating CD11c+ DC. 
These DC in turn produce large amounts of the chemo-
kines MDC and TARC thereby favoring the selective re-
cruitment of CCR4+   Th2 cells to the skin  [20, 35, 36] . 
Very recently it has been reported that in AE, CCL18 is 
the most highly expressed chemokine among all known 
chemokines and that topical exposure to relevant allergen 
as well as to superantigens results in signifi cant induction 
of CCL18 in AE  [37] . During persisting infl ammation, as 
seen in chronic skin lesions, increased levels of IL-5 and 
GM-CSF have been detected  [38] . Both cytokines pro-
long the survival of eosinophils, macrophages, monocytes 
and LC  [17] . Mechanical traumata of the skin, e.g. by 
scratching, lead to the release of many proinfl ammatory 
cytokines such as TNF- �  and keratinocytes of AE patients 
produce increased quantities of RANTES in response to 
TNF- �   [39] . 
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 Environmental Factors 
 Within various environmental factors foods, allergens 

and  Staphylococcus aureus  are well-known immunologi-
cal triggers which can lead to the exacerbation and/or ag-
gravation of AE. 

 Foods 
 Food allergens represent the cause in approximately 

40% of skin rashes seen in children with moderate to se-
vere AE. Infants and young children with food allergies 

show positive prick tests to food allergens and/or have 
detectable specifi c IgE, most frequently to peanuts, eggs, 
milk, wheat and soja. Moreover, specifi c T-cell clones 
against food allergens have been isolated from skin le-
sions of AE patients, suggesting a connection between 
food allergens and skin infl ammation. In an AE mouse 
model, oral sensitization of affected mice with food al-
lergens led to eczematous skin lesions after oral reexpo-
sure to the sensitizing food allergen  [2] . 

  Fig. 1.  1. LC internalize allergens via Fc � RI, resulting in priming of Th2 cells. 2.  S.aureus  enterotoxin can be in-
ternalized via Fc � RI or can act as a superantigen by overbridging the MHC/T cell receptor complex to directly 
stimulate T cells in an antigen independent manner. 3. Upon activation, LC produce chemokines attracting IDEC 
precursors to the skin. 4. Upon Fc � RI cross-linking, IDEC induce Th1 cells as well as infl ammatory cytokines. 
5. pDC undergo apoptosis after Fc � RI cross-linking. Migration of pDC into the skin is reduced by downregulated 
skin-homing molecules. 6. Enhanced apoptosis of Th1 cells contributes to Th2 predominance which in turn pro-
duces IL-4 and IL-5. 
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 Aeroallergens 
 It has been shown that bronchial or intranasal challenge 

with aeroallergens can lead to pruritus and eczematous 
skin lesions in AE patients and to the corresponding al-
lergen-specifi c IgE. Moreover, epicutaneous application of 
aeroallergens (e.g. house dust mites, weeds, animal dander 
and moulds) via the APT on nonlesional skin of AE pa-
tients provokes an eczematous reaction in 30–50% of the 
cases. A very recently published multicenter study showed 
that from a clinical point of view, the APT was more spe-
cifi c than skin prick testing or detection of specifi c IgE. 
Nevertheless, APT is usually negative in healthy volun-
teers or patients with allergic respiratory diseases  [40] . 

 It has been shown that avoidance of house dust mite 
allergens results in a signifi cant improvement of AE. A 
connection between the degree IgE sensitization to aero-
allergens and the severity of AE could also be demon-
strated. Furthermore, allergen-specifi c T cells to house 
dust mites isolated from lesional skin or APT sites of AE 
patients provide further evidence for the importance and 
relevance of aeroallergens in AE  [2, 41] . 

 Autoallergens 
 Specifi c IgE against human proteins are detectable in 

the serum of most AE patients  [42] . Although the autoan-
tigens characterized to date are intracellular proteins they 
have been detected in IgE immune complexes suggesting 
that autoallergens are released through mechanical trau-
ma, e.g. scratching resulting in IgE sensitization and sub-
sequently to a T-cell- and IgE-mediated immune response 
 [43, 44] . This concept is further supported by the detect-
able decrease of specifi c IgE towards autoallergens after 
successful therapy of AE with cyclosporine  [44, 45] . 

 Colonization by  Staphylococcus aureus  
 The skin of AE patients is colonized by  S. aureus  in 

over 90% of the cases. This phenomenon may be attrib-
uted to the recently reported reduced production of  � -de-
fensines in the skin of patients with AE. It is well accept-
ed that these peptides produced by keratinocytes have 
high antibiotic properties. Further evidence for the im-
portance of  S. aureus  is provided by the observation that 
in AE patients suffering from secondary infections, a 
combination therapy consisting of an antibiotic and a 
topical steroid is superior to a monotherapy with a steroid 
only  [2] . 

 Certain strains of  S. aureus  are known to produce en-
terotoxins, e.g.  S. aureus  enterotoxin A, B, C, D, E, G, 
and toxic shock syndrome toxin-1 (TSST-1). They can act 
as superantigens in an antigen-nonspecifi c manner, lead-

ing to substantial proliferation of T cells and may thereby 
contribute to amplifi cation of the infl ammatory reaction 
 [46] . Moreover, specifi c IgE against these superantigens 
was detected in AE patients, leading to the suggestion of 
an antigen-specifi c reaction which might also be involved 
or further amplify skin infl ammation  [47] . Interestingly, 
in patients showing clinically all features of AE but dis-
playing normal serum IgE levels and lacking any sensiti-
zation to common aeroallergens, signifi cant amounts of 
specifi c IgE against  S. aureus  enterotoxin A, B, C, D, E, 
G, and TSST-1 could be detected  [48] . Besides, specifi c 
IgE molecules against superantigens on mast cells can 
lead to the release of histamines in the skin  [48] . Further-
more, it has been shown very recently that superantigens 
have a great impact on functional properties of CD4+/
CD25+ T regulatory cells in AE patients. Thus, after stim-
ulation with  S. aureus  enterotoxin B, CD4+/CD25+ T 
regulatory cells lose their suppressive properties. Fur-
thermore, when T regulatory cells were mixed with 
CD4+CD25– cells and stimulated with  S. aureus  entero-
toxin B, the suppressive function of T regulatory cells was 
reversed, leading to the assumption that superantigens 
may be involved in breaking tolerance and thereby con-
tributing to infl ammatory processes triggered by  S. au-
reus  enterotoxins  [49] . 

 Conclusion 

 Although much progress has been made in under-
standing AE, its pathophysiology remains enigmatic. 
However, AE is certainly a complex disease, resulting 
from multiple interactions between genes and environ-
mental factors. Moreover, modern techniques of genetic 
investigation combined with a better defi nition of clinical 
phenotype will hopefully lead to the identifi cation of 
genes responsible for the various forms of AE. Such new 
fi ndings will have an important impact on our under-
standing of the immunological mechanisms underlying 
AE and on the development of more specifi c new thera-
peutic strategies. 
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