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Atopic dermatitis: pathogenetic mechanisms
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Summary Atopic dermatitis (AD) is a chronic inflammatory skin disease with increasing
incidence and socio-economical relevance. The diagnosis is made on clinical grounds
and different diagnostic criteria sets have been established. The majority of all AD cases
is associated with a sensitization to environmental allergens and increased serum IgE
(so-called extrinsic AD), but about 10-30% of all cases suffer from the so-called intrinsic
AD, which obviously lacks any link to the classical atopic diathesis. The genetic
background of AD has been investigated by target gene approach by different groups
with mostly contradictory results for each of the genes under study. An imbalance in
the spectrum of Th1/Th2 responses, a disturbed prostaglandin metabolism, intrinsic
defects in keratinocyte function, delayed eosinophil apoptosis, IgE-mediated facilitated
antigen presentation by epidermal dendritic cells, a two phase model of the
inflammatory response and staphylococcal superantigen effects are among the
currently studied pathogenetical aspects of extrinsic AD, which are reviewed in this

paper.

form are still scarce,”> we will concentrate on the
classical extrinsic form of AD and expose some concepts
which may illustrate current knowledge of this fascinat-
ing skin disorder.

Introduction

Atopic dermatitis (AD) is a chronic inflammatory skin
disease that has shown as increasing incidence over the
past 20—-30 years. Thus, AD has become an increasing
socio-economical problem. Progress in the fields of
allergy and immunology research has lead to dramatic
improvement of our ability to dissect the complex
mechanisms underlying this condition. However, the

Atopic dermatitis: a genetically complex
disease

pathophysiological puzzle of AD is far from being
elucidated completely and its complexity has increased
since it became clear that at least two distinct forms of
AD can be delineated: (i) the so-called extrinsic AD
(accounting for 70-90% of cases) i.e. AD associated
with sensitization to environmental allergens and
increased serum IgE; and (ii) the so-called intrinsic AD
(accounting for the remaining 10—-30% of cases) i.e.
having no relationship to the classical atopic diathesis.’
Because data about the pathophysiology of the intrinsic
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Family history of atopy and numerous Scandinavian
sibling studies® have confirmed that AD must have a
distinct genetic background (reviewed in Coleman
et al.).* Recent progress in molecular biology and
reverse genetics has allowed the disclosure of a series
of candidate genes, most of which have been associated
either with the atopic diathesis as such or at least to
increased IgE. This is further supported by the observa-
tion of the transfer of ‘atopic status’ by allogenic bone
marrow transplantation to a previously nonatopic
individual.> Whether linkage analysis or association
analysis, both strategies have lead to the proposal of
some interesting genes as important candidates. While
the ‘beta adrenergic blockade theory of the atopic
abnormality’ of Szentivanyi® has recently found little
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genetic support,” other genes more related to immuno-
logical abnormalities have been suggested. Besides MHC
class II (HLA-DR),® the significance of a gene locus on
chromosome 5q encoding the interleukin (IL)-4 gene
cluster, remains a matter of debate.”'® Similarly, the
finding of a gene on 11q13, a region encoding the beta
chain of the high affinity IgE receptor FceRIB, remains
rather controversial'!™'> as does the involvement of a
gene for mast cell chymase that has been explored
mainly in Japan.'*"'® More recently, however, much
interest has been focused on the polymorphism of the
gene encoding the a-chain of the IL-4 receptor at
16p11.2-12.'7"% This is of particular importance as
this kind of polymorphism may be linked to abnormal-
ities in the IL-4-mediated signal transduction and, as a
consequence, in the regulation of IgE synthesis. The last
candidate gene proposed to be relevant for AD is that of
the chemokine RANTES for which abnormalities in the
promotor region have been suggested to be of functional
importance.20

The atopic diathesis: an imbalance in the
spectrum of Th1/Th2 responses

Based on the dichotomical concept of Th1 and Th2 cells
established in the mouse model, it has been proposed
that this subdivision may be applied to human T-cells.
Following antigen presentation by dendritic cells of
either the so-called DC1 or DC2 type,?'*? Th precursor
cells (Thp) are triggered to differentiate into Th1 or Th2
cells, characterized by the secretion of IL-2 and
interferon (IFN)-y, or IL-4 and IL-5, respectively. ThO
cells probably represent either a transitory state or an
intermediate cell type in the spectrum between Th1 and
Th2 cells. From a clinical point of view, the Th1 pattern
is associated with delayed type hypersensitivity reac-
tions such as the tuberculin reaction, while a Th2
pattern is associated with increased secretion of IgE and
IgE-mediated reactions such as allergic rhinitis.?> In this
regard, AD has a particular status: clinically it is a cell-
mediated hypersensivity reaction but kinetics studies in
the model of atopy patch test have shown that the initial
phase is characterized by a Th2 pattern and the
subsequent phase clearly has a Th1 profile.

Immunopharmacological aspects: the
phosphodiesterase and cAMP concept

It has been reported that patients with AD have
increased phosphodiesterase IV activity, particularly in
their monocytes. This would explain a decreased level of
cAMP and consequently a higher formation of the
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proinflammatory prostaglandin-E2 in patients.?**>

While prostaglandin-E2 is known to inhibit Thl
responses and to increase the IL-4 production of Th2
cells,?® it has also been postulated that this mediator
may be responsible for the maturation of dendritic cells
into the DC2 type which is assumed to trigger Th2 cells.
Whether these mechanisms are also of relevance to the
inflammatory response that occurs in the skin, and thus
may provide a valuable rationale for the therapeutic
effect of topical type IV phosphodiesterase inhibitors,?®
remains to be confirmed.

First evidence for an intrinsic defect in
keratinocytes of patients with AD

Clinically, AD is characterized by an impaired function
of the epidermal barrier as manifested by an increased
transepidermal water loss. It has long been a matter of
debate whether this represents the result of the under-
lying atopic disease or rather is a primum movens of this
disease, implying some kind of intrinsic defect in
keratinocyte biology in these patients.?”2° Recently,
the first evidence has been provided supporting the
latter hypothesis. An enhanced production of granulo-
cyte-macrophage colony stimulating factor by keratino-
cytes from AD patients has been shown in response to
IL-1 and IFN-y*° and the culture supernatants could
support phenotypic and functional maturation of
peripheral blood precursors into dendritic cells.>"
Whether this putative intrinsic defect is also responsible
for the other disturbances reported in the epidermal
biology in AD patients remains to be verified.

Role of eosinophils

Eosinophilic infiltration of AD lesions, as well as
increased eosinophil counts in the peripheral blood are
seen frequently in AD patients. In addition to basophils
and mast cells, eosinophils act as FceRI-expressing
effector cells of the IgE-mediated allergic inflamma-
tion.>! Consequently, serum levels of the eosinophil
cationic protein have been used successfully to monitor
the disease activity in AD.>* Delayed apoptosis and FAS
resistance of eosinophils have been described in certain
atopic diseases®® including both the extrinsic and
intrinsic type of Ap>* and may represent a molecular
basis for the observed eosinophilia. Interference with the
eosinophil recruiting and activation processes, e.g. with
chemokine receptor antagonists such as met-
RANTES,?> might provide the basis for novel therapeu-
tic concepts of AD.
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Evidence for an IgE-mediated delayed type
hypersensitivity reaction driven by FceRI
expressing antigen presenting cells

Because AD resembles a classical allergic contact
dermatitis from the clinical and immuno-histological
point of view, it has long been postulated that cell-
mediated immune reactions must play a critical role in
the pathomechanisms of these diseases. However, this
was hardly compatible with the atopic context with
increased IgE and IgE-mediated allergic reactions in
these patients. First evidence for the missing link was
provided 1986 by Bruijnzeel-Koomen et al. as they
described the presence of IgE molecules on epidermal
antigen presenting Langerhans cells,?® introducing a
new pathophysiological concept in which skin antigen
presenting cells bearing IgE may be able to trigger a cell-
mediated delayed type hypersensitivity reaction. In this
regard, monocytes and dendritic cells such as Langer-
hans cells or the recently described inflammatory
dendritic epidermal cells?” perform IgE-mediated anti-
gen focusing, i.e. they increase their presenting capacity
up to 100—-1000 fold in vitro.>83° Antigen focusing has
been shown to be effective in different cell systems.>®*!
Three different IgE-binding structures have been shown
to be expressed on epidermal antigen presenting
dendritic cells: (i) the low affinity IgE-receptor CD23/
FceRIL*? (ii) the high affinity IgE-receptor FceRI**™*°
and (iii) the IgE-binding protein Galectin3/eBP.*® Due to
its affinity, FceRI is obviously the most interesting and
relevant structure.*” Epidermal dendritic cell phenotyp-
ing, a recently standardized diagnostic procedure for the
identification of AD lesions,*® is based in part on the
significant upregulation of FceRI>? on lesional epider-
mal dendritic cells of AD.

T cell infiltrates in AD skin

As mentioned above, the model of atopy patch test*” has
revealed two distinct phases (initial Th2 and subsequent
Thl) in the inflammatory reaction elicited by the
application of aeroallergens on the skin of AD
patients.’® This implies that some cells locally induce
the switch by secreting IL-12. Two non-mutually
exclusive populations could be responsible for this
phenomenon: (i) eosinophils which have been shown
to be present during the first 24—48 h of the reaction
and then disappear morphologically®® and (ii) the
inflammatory dendritic epidermal cells and other
cutaneous dendritic cells armed with FceRI. Although
this switch has been shown in the model of atopy patch

test, and allergen-specific skin-infiltrating T cells of a
Th2 as well as Th1l type have also been identified in
chronic skin lesions of AD,? it remains to be verified
whether this two-phase model holds true for the
naturally occurring AD lesions.

Role of Staphylococcal superantigens

It is well accepted that the skin of AD patients is heavily
colonized by Staphylococcus aureus and that these
bacteria are responsible for some flare-ups or exacerba-
tion of AD. As S. aureus expresses a variety of so-called
superantigens,”>>* and superantigen-specific IgE has
been shown to be produced in some AD-patients,’” it
has been speculated that such structures could not only
activate T cells with distinct VB-chains locally but could
also contribute to the enhancement of IgE synthesis
specifically or unspecifically.’> Thus, oral antibiotics or
topical antiseptic strategies are often of clinical benefit
and not only help to control the outcome of the acute
skin lesions but could also influence the more central
immune mechanisms involved in the regulation of IgE
synthesis.

Conclusion

The continuous and successful research activities
undertaken by numerous investigators from around
the world have greatly enhanced our knowledge of
many aspects of this ever fascinating disease. However,
our present knowledge still resembles a large, partly
assembled puzzle with many single pieces, some
clusters, and a large fringe being assembled, indicating
that some of the pieces are still to be found and
connected.
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