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Preface

Atopic dermatitis (AD) is a common disorder which
affects infants, children and adults throughout the
world with a high socio-economical impact and a
broad relevence on the quality of life of these patients.
Typical for AD is eczema, a superficial inflammation of
the skin. For dermatologists, AD is primarily a clinical
diagnosis, which is based on the features suggested by
Hanifin and Rajka. In this classification, patients who
have no signs of sensitization for environmental anti-
gens, and hence normal immunoglobulin E levels in the
serum, are included. New studies suggest that these
patients may include up to 50% of the patients with
AD, when population-based studies are performed. In
contrast, classification by allergologists suggest that
AD as a disease where sensitization and hence raised
IgE levels plays a central role.

Recent knowledge on common mutations of pro-
teins, especially those of the outer layer of the skin,
such as filaggrin, suggest that the skin barrier function
in AD can be impaired by both genetic defects in the
structure of the skin and the immunological inflamma-
tion of AD. Studies both in mouse and man suggest
that that a proper barrier function is important not
only for the skin but also for the airways. Moreover,
the function and regulation of the peripheral as well as
central nervous system has been demonstrated to be

altered in patients with AD. Thus, this book aims at
highlighting our recent advances in understanding the
complex interactions between the tissue barrier, the
immune and the nervous system.

Treatment of AD remains a challenge. While treat-
ment with topical corticosteroids still forms the pri-
mary treatment, long-term data of this treatment is still
not sufficient. Ultraviolet therapy and oral immuno-
suppressive treatment are needed especially in the more
severe cases of AD. These treatments are capable of
reducing but not replacing corticosteroid treatment.
Topical calcineurin inhibitors represent a new treat-
ment alternative which in many cases can totally sub-
stitute treatment with topical corticosteroids.

This book gives a broad and intense overview about
the clinical manifestations, the pathogenesis as well as
present and future treatment modalities of AD. It is
aimed to teach both the academic as well as practising
dermatologist. We want to thank the publisher for
their contribution in putting this book together. The
central role of Robert Peden is greatfully acknowl-
edged. We also gratetful for the expertise of all authors
who contributed to make this work possible.

Sakari Reitamo, Thomas Luger
and Martin Steinhoff
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The clinical manifestations

of atopic dermatitis

Anita Remitz and Sakari Reitamo

INTRODUCTION

Atopic dermatitis (AD) is a chronic, relapsing, inflamma-
tory skin disease related to other atopic symptoms like
allergic rhinitis, allergic conjunctivitis, and asthma. AD
usually starts before the age of 2 years and is the first of
the atopic symptoms that shows clinical signs. Patients
with AD have an increased risk of developing other
atopic symptoms later in life. Both endogenous and
exogenous factors interact in the development of clinical
signs of the disease. Hereditary factors are important, but
exogenous causes like the cold climate, stress and pollen
are usually necessary to develop clinical symptoms.

The term atopic dermatitis was introduced by Wise
and Sulzberger in 1933 as a skin disease characterized by
dry skin, pruritus, and chronic relapsing erythematous
lesions.! The name ‘atopy’ comes from the Greek mean-
ing ‘wrongly placed’. Coca et al had introduced the term
atopy to describe a hereditary disorder different from
anaphylaxis which was clinically characterized by hay
fever and bronchial asthma. The disorder was further
characterised by a tendency different from normal sub-
jects, i.e. to become sensitized to environmental factors.?
In 1967 Ishizaka et al® and Johansson* showed that IgE
antibodies were characteristic of the atopic condition.

The diagnosis of AD is purely clinical; there is no spe-
cific clinical symptom or laboratory test. Itch is the main
symptom of this disease and the localization of the eczema
is often typical (face, jugular, bend of the elbow, hollow
of the knee). However, the localization varies with age.

THE LOCALIZATION OF AD
AT DIFFERENT AGES

Infancy (0 to 1 year)

The disease often starts around the third month of age
and is located on the cheeks and scalp (Figure 1.1). The

skin is pruritic and erythematous patches can be seen
covered with crusts, which are often secondarily
infected (Figure 1.2). Because the rash is scaly and
crusted and resembles burnt milk the disease has also
been called milk scale. The rash can also develop on the
extensor surfaces of the extremities and on the trunk
(Figure 1.3). Children with AD often have troubles
with sleeping due to pruritus (Figure 1.4). Food aller-
gies are rather common (Figure 1.5).

Childhood (1 to 4 years)

In young children from 1 to 4 years the eczema can still
be located on the extensor sites of the extremities
(Figure 1.6), but also on the flexural areas (Figure 1.7).
It can also be located around the mouth, on the eyelids,

Figure 1.1 AD in an infant.
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Figure 1.2 Typical milkscale, also called prurigo Figure 1.5 AD exacerbated by insensitivity to milk
Besnier. and eggs in a 19-month-old-boy.

Figure 1.6 AD on extensor surfaces of the lower

Figure 1.3 AD of the extensor surfaces and trunk in o
extremities.

a 1-year-old boy.

Figure 1.4 Results of intensive pruritus and
scratching in a 1-year-old infant. Figure 1.7 AD of the flexures.



THE CLINICAL MANIFESTATIONS OF ATOPIC DERMATITIS 3

Figure 1.8 Widespread AD with mild scales in a
small child.

neck, and hands (Figure 1.8). The lips can be dry and
scaly. The lesions are usually symmetric erythematous
papules with excoriations, small crusts, and lichenifica-
tion (Figure 1.9). Food allergies are less common than
in infants.

Adolescents (4 to 16 years)

Children from 4 to 16 years usually develop symmet-
ric eczema on the flexural areas (Figure 1.10), on the
hands (Figure 1.11), and feet. The so-called horse-
back area on the back of the thighs can also be
affected (Figures 1.12-13). During the winter months
the children can develop eczema on their hands and
feet (atopic winter feet) due to wet gloves or socks
after playing outside. When the child comes closer to
puberty eczema can also be seen on the upper body
and face (Figures 1.14-15). Food allergies are
unusual.

Adults (over 16 years)

In adults the eczema lesions are typically on the face
(Figures 1.16-19), upper body (Figure 1.20), flexural
areas (Figures 1.21-22), and hands (Figure 1.23).
Sometimes the disease can develop into erythroder-
mia (Figure 1.24). Stress and climate are important
triggering factors.

Figure 1.10 Lichenified AD of the elbows in a child
of African origin.

DIAGNOSTIC CRITERIA OF AD

Although the diagnosis of AD is purely clinical, it is
not always easy to define the disease and therefore sev-
eral authors have suggested guidelines to help in mak-
ing the diagnosis. The diagnosis is based on medical
history (personal and/or family history) and typical
signs and symptoms. However, none of these clinical
features is diagnostic for AD. Hanifin et al® based their
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Figure 1.14  AD of the face with scales in a girl of
Japanese origin.

Figure 1.11 Lichenified AD of the hand in a child of
African origin.

Figure 1.15  Severe AD of the face in a white girl.

Figure 1.12 AD in the horse-back area in a white
young female.

Figure 1.13  AD in the horse-back area in a black Figure 1.16 AD with widespread erythema in a
young female. 25-year-old man.
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Figure 1.17  Severe AD with oedema but little Figure 1.20
erythema of the face in a 19-year-old female.

Nummular eczema with scars from
scratching in a 18-year-old female.

Figure 1.21 Lichenified eczema of the wrist with
signs of intense scratching in a 16-year-old female.

Figure 1.18 Severe AD with profound oedema and
erythema of the face in a 56-year-old man.

|
-
=il

Figure 1.19 Retroauricular eczema in a 20-year-old Figure 1.22  Severe lichenified eczema of the knees in
woman with AD. a 17-year-old male.



6 TEXTBOOK OF ATOPIC DERMATITIS

Figure 1.23 Typical irritant eczema of the hands in
AD in a 22-year-old female.

Figure 1.24  Severe erythrodermia in a 51-year-old
male with long-standing AD resistant to therapy.

diagnosis on 4 major criteria and several minor crite-
ria (Table 1.1). Williams et al® applied and simplified
Hanifin and Rajka’s criteria and suggested that the
patient must have itchy skin (obligatory) and then at
least three of the additional features (Table 1.2).
Several investigators have looked at the prevalence
of the minor criteria of Hanifin et al in atopic patients.
Bohme et al” studied 221 children 24 months of age or
younger, who were re-examined after 2 years. A con-
trol group of 99 children of the same age, with no his-
tory of eczema were examined in the same way. They
found 7 minor criteria that were met more in atopic
children: namely, xerosis (100%), course influenced by
environmental factors (87%), facial erythema (54%),
skin reactions provoked by ingested food (39%), itch
when sweating (34 %), positive skin prick tests (29%),

Table 1.1 Hanifin et al: diagnostic criteria. The
patient must have at least 3 of the

major characteristics and 3 of the minor
characteristics to have AD. (Hanifin JM, Rajka
G. Diagnostic features of atopic dermititis. Acta
Derm Venereol Suppl (Stockh) 1980; 92: 44-7.)

Major characteristics

Pruritus (excoriations can often be seen,
Figure 1.25)

Lichenification (flexural lichenification in adults and
older children, facial and extensor involvement
in infants, Figure 1.26)

Chronic or chronically relapsing course

Personal or family history of atopy (asthma,
allergic rhinoconjunctivitis, atopic dermatitis,
contact urticaria Figure 1.27)

Minor characteristics

Xerosis (dryness of skin)

Ichthyosis (especially with palmar hyperlinearity or
keratosis pilaris, Figure 1.28)

Immediate type | reactions to skin test allergens
(positive prick test reactions, Figure 1.29)

Elevated serum IgE (about 20% of atopic patients
have normal IgE levels)

Early age of onset

Cutaneous infections by Staphylococus aureus
(Figure 1.30), herpes simplex (Figure 1.31) and
other viral infections, warts (Figures 1.32-33),
or molluscum contagiosum (Figure 1.34)

Non-specific hand (and/or foot) dermatitis
(Figure 1.35)

Nipple eczema (Figure 1.36)

Cheilitis (Figure 1.37)

Recurrent conjunctivitis (Figure 1.38)

Dennie-Morgan infraorbital fold (Figures 1.39-40)

Keratoconus

Anterior subcapsular cataracts

Orbital darkening (Figure 1.41)

Facial pallor/erythema (Figures 1.42-43)

Anterior neck folds

Itch when sweating

Food intolerance

Course influenced by environmental or emotional
factors

Intolerance to wool and lipid solvents or any course
fabric or non-absorptive occlusive garment, and
wet working conditions

Perifollicular accentuation

White dermographism/delayed blanch (Figures
1.44-45)

and hand eczema (28%). Early age of onset was an
inclusion criteria for the study. Approximately half of
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Table 1.2 Williams et al: diagnostic criteria.
Williams et al suggested that the patients must
have itchy skin and then at least 3 of the additional
features. (Williams HC, Burney PG, Pembroke AC.
Br J Dermatol 1994; 131: 406-16.)

Basic feature (obligatory)
ltchy skin

Additional features (at least 3 of the following)

Skin symptoms in flexural regions such as knee and
elbow flexures, in front of the wrists
and neck (in cheeks in children under 10 years)

Asthma or allergic rhinitis (or atopic diseases in close
relatives in children under 4 years)

Dry skin during the last year

Visible eczema in flexural areas (or on cheeks and/or
forehead in children under 4 years)

Eczema starting before the age of 2

Figure 1.25 Lower extremities with signs of chronic
scratching due to intense pruritus in a 16-year-old
female patient with AD.

Figure 1.26  Flexural lichenification in a 20-year-old
female with AD.

Figure 1.28 Keratosis pilaris is a sign not restricted
to AD.

Figure 1.29 Positive prick test reactions to milk and
egg-white in a 17-month-old child with food allergy.

7
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Figure 1.32 Long-standing viral warts in a
36-year-old male with severe AD.

Figure 1.30 Folliculitis caused by Staphylococcus
aureus in a 54-year-old male with severe AD.

Figure 1.33  Viral warts of the face in the same male
as in Figure 1.33.

Figure 1.31 Herpes simplex infection at an unusual
site in a 15-year-old female with AD. Figure 1.34 Molluscae in a 4-year-old girl.
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Figure 1.35 Irritant hand eczema in a 25-year-old
female with AD.

Figure 1.39 Dennie-Morgan infraorbital fold in a
young girl.

Figure 1.36  Nipple eczema in 24-year-old female
with AD.

Figure 1.40 Dennie-Morgan fold in a young woman.

Figure 1.37  Cheilitis in a 17-year-old female
with AD.

Figure 1.38 Chronic conjunctivitis in a 41-year-old Figure 1.41 Orbital darkening in a 20-year-old
male with severe AD. female with mild AD.
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Figure 1.42  Facial pallor in a 20-year-old female
with AD.

Figure 1.43  Facial erythema in a 45-year-old female
with AD and a long-term use of corticosteroids.

Figure 1.44 White dermographism caused by
scratching in 22-year-old female with AD.

Figure 1.45 Delayed blanch in a 17-year-old male
with widespread AD.

the criteria occurred in 3% or fewer of the studied
patients and may be of minimal use in this age group.

In addition to age the clinical condition of the patient
seems to be of importance on several minor character-
istics. Therefore, effective treatment will have an effect
on the expression of several signs. The occurrence of
the Dennie-Morgan infraorbital fold was low in the
infant study by Bohme, but when Diepgen et al® stud-
ied the age group of 10 to 55 years, it had a prevalence
of 69%. As with many symptoms and signs of AD, the
Dennie-Morgan sign is clearly dependent on the clinical
condition of the patients (Figure 1.46). This applies
also to the anterior neck folds (Figure 1.47). The infra-
auricular fissure has often been proposed to be a diag-
nostic feature of AD. Kim et al” showed a prevalence of
55% and Tada et al'® of 82% in atopic patients up to
52 years.

As a conclusion, there are no specific criteria
that would occur only in atopic patients. They can,
however, help in the diagnosis of AD. The age of the
atopic patients seems to be of great importance in the
occurrence of the different minor criteria, and racial
differences can also be seen. Pruritus seems to be a
symptom which is quite resistant to treatment, and can
also be provoked by other diseases in patients with
AD (Figure 1.48).

Firooz et al'! studied the frequency of the main cri-
teria (Table 1.3). The most common symptoms were
itch, which was seen in 70%, and history of dry skin in
40% of patients.
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Figure 1.46 Dennie-Morgan infraorbital fold before
(a) and after (b) treatment with topical tacrolimus
ointment.

Figure 1.47  Anterior neck folds before (a) and after
(b) treatment with topical tacrolimus ointment.

Figure 1.48 Scars caused by intense pruritus and
scratching scratching during varicella infection.

Table 1.3 Frequency of the proposed diagnostic
criteria for AD in patients and controls. (Firooz A,
Davoudi SM, Farahmand AN et al. Validation of the
diagnostic criteria for atopic dermititis. Arch
Dermatol 1999; 135: 514-16.)
No. (%)
patients
Criteria with AD Controls
Itch 42 (70.0) 128 (36.0)
History of
involvement of
skin diseases 20 (33.3) 40 (11.2)
History of asthma
or hay fever 11 (18.3) 51 (13.3)
History of general
dry skin 24 (40.0) 35 (9.8)
Visible flexural
eczema 8(13.3) 9 (2.5)
Onset <2 years 3(5.0) 0

DIFFERENTIAL DIAGNOSIS

In infancy AD can be mixed with seborrhoeic dermati-
tis, which also can occur on the face and scalp. These
infants often suffer from diaper dermatitis and do not
have a family history of atopic diseases. Seborrhoeic
disease also subsides after a few weeks when the
stimulatory effect of maternal hormones disappears.
Ichthyosis vulgaris can be suspected in children with
very dry skin and with positive family history of
ichthyosis. The typical scaling is seen especially on the
extensor surfaces of the extremities after 2 months of
age. Scabies can be seen with severe itch and dermatitis.
Usually other family members also have symptoms,
and the finding of burrows, usually on the hands, and
the isolation of mites provide the diagnosis. Psoriasis
also sometimes starts in infancy although it is rare.
Then the lesions are more defined and can be present
with the typical white scale.

In childhood and adolescence the localization of
AD is usually on flexural areas and the disease has
usually started earlier in infancy. However, the atopic
winter foot can sometimes be misdiagnosed to tinea
pedis. Impetigo of the face can also sometimes be
misdiagnosed as AD. Psoriasis can also start in child-
hood, usually after streptococcal infections in the form
of psoriasis guttata. Pityriasis rosea usually starts with
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Table 1.4 Diseases associated with AD

Elevated IgE Hyper-IgE syndrome

Immunodeficiency ~ Wiskott-Aldrich syndrome
Ataxia-telangiectasia
Selective IgA deficiency

Genodermatoses  Phenylketonuria

Hypohidrotic ectodermal dysplasia
Biotin deficiency

Hartnup disease

Acrodermatitis enteropathica

Langerhans cell histiocytosis

Figure 1.49 A girl with Netherton syndrome

a larger primary lesion which is followed by smaller
scaly lesions on the trunk. The lesions subside in

approximately 6 weeks.

In adults hand eczema can be a sign of AD, but
possible contact allergies have to be excluded if
the eczema continues for several months in spite of
treatment.

There are also rare conditions where AD has been
described as a feature. However, the dermatitis which
has been described in these patients rarely fulfils the
criteria for AD. AD is also a common disease, so it
is possible that these patients have two diseases.
The diseases are listed in Table 4. The rare Netherton
syndrome is also associated with AD (Figure 1.49).
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Genetic dissection of eczema

Young-Ae Lee and Ulrich Wahn

INTRODUCTION

Eczema is a chronic inflammatory skin disease that is
characterized by intense pruritus. In the industrialized
countries the prevalence of eczema is approximately
15% with a steady increase over the last decades.!?
Along with asthma and allergic rhinitis, eczema is com-
monly associated with the state of atopy which is char-
acterized by the formation of allergy antibodies (IgE) to
environmental allergens.

Eczema is commonly the first clinical manifestation
of allergic disease. Onset of disease is observed during
the first year of life in 57% and during the first 5 years
in 87% of patients.? For the majority of affected chil-
dren eczema heralds a lifetime of allergic disease. The
development of atopic disease often follows an age-
dependent pattern that is known as the ‘atopic
march’.# A susceptible child commonly passes a char-
acteristic sequence of transient or persistent disease
stages that begins with eczema and food allergy in the
young infant and continues with the development of
respiratory airways disease later in childhood and
adulthood. The close familial and intra-individual
association of these disease entities strongly suggests
shared genetic determinants. However, additional epi-
demiological studies show that parental eczema con-
fers a higher risk of eczema to offspring than parental
asthma or allergic rhinitis,® indicating the presence of
eczema-specific genes.

A strong genetic component in atopy was recognized
almost a century ago. Cooke et al first reported that the
relatives of patients are at significantly increased risk of
developing allergic disease.® The initial report already
included the observation of non-Mendelian inheritance
of allergic disease and the positive correlation of
genetic risk with an earlier age of onset. The strongest
evidence for the importance of genetic factors in atopic
disease stems from twin studies. The concordance rate
for eczema among monozygotic twins of about 80%

far exceeds the concordance rate of 20% observed
among dizygotic twins.”»® These data clearly indicate
that the genetic contribution to the expression of
eczema is substantial. In addition, studies on the verti-
cal transmission of eczema and atopic disease show
that children are more likely to inherit these disorders
if the mother is affected (parent-of-origin effect).® The
predominance of maternal inheritance may be due to
environmental factors such as uterine milieu or breast
feeding, but may also arise due to genetic mechanisms
such as parent-specific gene expression (genomic
imprinting).'% Parent-of-origin effects should therefore
be taken into account in the search for eczema genes.

Eczema and atopic disorders are regarded as multi-
factorial conditions, the onset and severity of which are
influenced by both genetic and environmental factors.
The data are consistent with an immune etiology shared
by all atopic diseases and a congenital target organ
defect, the penetrance of which is modified by multiple
environmental factors during early childhood. Genetic
investigations of atopic disease may prove important in
dissecting the clinical entities of atopic disorders that
we currently recognize thus providing novel guidelines
for their classification. Identification of genes underly-
ing eczema and atopy has the capacity to define pri-
mary physiological mechanisms, thereby clarifying
disease pathogenesis, identifying pathways and targets
for therapeutic intervention, providing opportunity for
preclinical diagnosis, and allowing treatment tailored
to underlying abnormalities in individual patients.

APPROACHES TO THE GENETIC ANALYSIS
OF ECZEMA

Genetic complexity is present when there is no simple
correlation between genotype and phenotype. The
expression of the disease phenotype cannot be predicted
using Mendel’s laws of segregation.!! Typically, there is
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Strategies for disease gene discovery
in human atopic dermatitis

Candidate gene studies
association analysis

14qg mast cell chymase
5q IL-4

16p IL4-receptor

11q FceR1

179 RANTES

e Requires a priori knowlege of the
candidate gene and its function

Positional cloning
linkage analysis

e Genome wide linkage studies

e Linkage on chromosome
1921, 3q15-21, 13q14, 15q14,
17921-25, 18qg21, 20p

¢ Identification of chromosomal
regions containing disease genes

* Investigation of positional
candidate genes

Figure 2.1 Strategies for disease gene discovery in human eczema.

wide temporal and quantitative variability in the disease
expression with respect to age of onset, disease duration,
and severity. Moreover, disease allele carriers may them-
selves remain unaffected by disease (incomplete pene-
trance) because manifestation of the disease may require
or be facilitated by the interaction with other genetic or
environmental factors. The heritable component of
eczema can be regarded as the cumulative effect of mul-
tiple disease alleles. The number of genes that influence
the trait and the magnitude of the effect imparted by any
single locus remains a matter of conjecture. Furthermore,
the combination of disease-causing alleles is likely to
vary among and even within different ethnic groups
(genetic heterogeneity). To identify disease genes for
complex traits such as eczema by genetic approaches, the
investigation of hundreds to thousands of affected fami-
lies is required. Major strategies of disease gene identifi-
cation for eczema in man are summarised in Figure 2.1.

CANDIDATE GENE STUDIES

Several candidate gene studies for eczema have been
reported. In this approach candidate genes are selected
based on their known function in the pathophysiology
of eczema. Based on the hypothesis that variants in
these genes alter gene function or expression and may
confer susceptibility to the disease, the gene is then
screened for sequence variants and the frequency of
these variants is compared between groups of patients
and controls. Most of the candidate genes explored
were initially investigated for asthma and atopy.

Overall, there is substantial variance in the study
design, phenotype definition, and size of the study
population. As case-control studies may result in false
positive findings due to population substructure, some
authors have used family-based association tests, such as
the transmission disequilibrium test (TDT). The classical
TDT requires family triads consisting of a patient and
the parents. The transmission of a putative disease from
heterozygous parents to an affected offspring is
observed. At a locus that is unrelated to the disease the
marker alleles will be transmitted with equal probability,
whereas a true disease allele would be expected to be
transmitted more frequently to an affected child.
Modifications of this test for different family structures
and certain modes of inheritance have been developed.!?
A number of candidate genes for eczema have been
investigated. Those that have been explored in at least 2
independent studies have been summarised in Table 2.1.

Mast cell chymase

Mast cell chymase is a proinflammatory serine protease
that is abundantly expressed by dermal mast cells. The
expression of mast cell chymase is decreased in non-
lesional skin of eczema patients and further decreased in
lesional skin suggesting a role of mast cell chymase in
suppressing skin inflammation.'> The gene encoding
mast cell chymase (chromosome 14q11) was investigated
as a candidate gene for eczema. Two non-coding poly-
morphisms were studied in 4 Japanese patient groups
with eczema, atopic asthma, non-atopic asthma, and
allergic rhinitis, each comprising 100 individuals, as well
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as a group of 100 healthy controls. One of the polymor-
phisms (—=1903A/G) was associated with eczema, and
not allergic asthma or allergic rhinitis.'* In a pediatric
cohort, Mao et al divided the probands according to
total serum IgE levels. They reported that among chil-
dren with total IgE serum levels <500 1U/L, heterozy-
gotes for the —1903 polymorphism were significantly
more frequent among patients with eczema compared to
unaffected controls.’® The same polymorphism was
evaluated comparing Japanese patients with eczema
alone, and those with eczema and allergic airways dis-
ease. The association was confirmed in a small subgroup
of 47 patients with eczema alone and serum IgE levels of
<500TU/L.'e It was suggested that this variant may
predispose to non-atopic eczema. However, further
investigations failed to replicate the association in other
Japanese,!” Italian,!8 and Swedish!'® populations.

The cytokine gene cluster
and cytokine receptors

The chromosomal region 5q31-33 has repeatedly
shown evidence for linkage and association with atopic
disorders. This region contains a number of interesting
functional candidate genes for eczema and atopy
including the cytokine gene cluster with the interleukin
(IL)-4, IL-13, IL-9, and IL-5 genes, as well as the genes
encoding IL-12B, CD14, hepatitis A virus cellular
receptor 1, and GM-CSF.

The gene encoding IL-4 was one of the first candi-
date genes investigated. Evidence for linkage of total
serum IgE levels to a marker close to the IL-4 gene was
first demonstrated in 170 affected sib pairs originating
from 11 Amish families.?® The cytokine IL-4 plays a
key role in the regulation of humoral and allergic
responses. IL-4 controls the differentiation of naive T
helper cells into T helper 2 (Th2) effector cells. It
induces the expression of Th2 cytokines like IL-5, IL-6,
and IL-9, and class switching to IgE.

Suggestive evidence for linkage of genetic markers
flanking the IL-4 gene was detected in 88 Japanese
affected sib pair families with atopic dermatitis. The pro-
moter polymorphism in the IL-4 gene, —589C/T, was
investigated for association using the TDT. Significant
overtransmission of the T allele to affected children
(0.001) was observed.?! This association, however, was
not confirmed in a larger Japanese study comprising 302
eczema patients and 120 controls.??> The IL-4 gene was
subsequently investigated for linkage and association in a
Swedish sample: 308 genotyped individuals were avail-
able for a family-based association test of the 589C/T
promoter polymorphism. Two discrete phenotypes,
eczema per se and specific sensitization as well as the
semiquantitative trait ‘severity score of eczema’ were
studied. No linkage or association with the two discrete

phenotypes was observed; however, positive evidence for
linkage to the 589C/T promoter polymorphism was
detected (P<0.005). The authors concluded that this
chromosomal region influences the severity of eczema.??
Finally, promoter polymorphisms within the IL-4 gene
were investigated for association with childhood eczema
in an Australian cohort of 76 nuclear families and 25
trios. In addition to the —590C/T polymorphism (identi-
cal to —589C/T), a newly identified promoter polymor-
phism, —34C/T, was studied. In the initial analysis of each
single polymorphism no association was observed; how-
ever, combined to form haplotypes, an association of
the —590C/-34C haplotype with eczema was detected.
The authors point out that the association became
non-significant after correction for multiple testing. The
results remain difficult to interpret, as the suggestive asso-
ciation in this study was reported with the haplotype con-
taining the —590C allele rather than the T allele which
was associated in the initial Japanese report.2*

The effects of IL-4 are mediated by the IL-4 receptor, a
heterodimer consisting of an o-subunit (0IL4R) and either
a yc subunit (type 1 receptor) or an IL-13Ral unit (type 2
receptor). The gene encoding the o-subunit of the IL-4
receptor (0IL4R) is located on chromosome 16p. Linkage
studies in this region were reported for a Swedish and a
Danish study group. Soderhill et al typed two microsatel-
lite markers closely flanking the oIl 4R gene in 406 fami-
lies with at least 2 children with eczema. Linkage analysis
was conducted for the phenotypes eczema and specific
sensitisation and yielded negative results for both traits. In
fact, linkage to this chromosomal region was excluded for
a locus-specific effect of As=2 for eczema and As=3 for
specific sensitisation.2> Similarly, linkage analysis in 100
nuclear families of the Danish ITA cohort (Inheritance of
Type I Allergy) excluded the region of the oIL4R gene
with As=2 for atopy and eczema.

The ¢cDNA of olL4R was screened for sequence vari-
ants in 10 patients with severe eczema or hyper-IgE syn-
drome and a mutation was identified in position 1902 of
the gene leading to an amino acid exchange (Q576R) in
the cytoplasmic domain of the oIL4R protein. This muta-
tion was associated with enhanced expression of the low
affinity IgE receptor (CD 23) in vitro and a change
in the binding specificity of the adjacent tyrosine residue
at position 575 to signal-transducing molecules. A sig-
nificant association of this variant with atopy was
detected in a small case control study comprising 30
atopic individuals and 30 controls.?’ Qiso et al genotyped
6 known polymorphisms in the oIL4R gene in a very
small sample of 27 patients with eczema and 29 non-
atopic controls and reported a positive association of the
GIn551Arg polymorphism with eczema (P=0.01).2¢
However, this association was not confirmed in a larger
study group of the same ethnic origin.??> Recently, an
association study with promoter polymorphisms of the



oIL4R gene was performed. Six promoter polymor-
phisms were characterized, 5 of which were found to be
associated with eczema. The 4 proximal variants formed
three common haplotypes named o, B, and . The o hap-
lotype was significantly more frequent among 101
eczema patients compared to 75 controls. Promoter
assays revealed no significant difference in promoter
activity of the o and B haplotypes at baseline and after
stimulation in vitro. Therefore, the functional signifi-
cance of the association remains to be explored.?”

The IL-13 gene is located in the cytokine gene cluster on
chromosome 5q. Several previous investigations support
an important role of IL-13 in the pathogenesis of eczema.
Increased expression of IL-13 mRNA was observed in
acute eczema skin lesions.® IL-13 gene expression was
also significantly increased in peripheral blood mononu-
clear cells (PBMCs) of patients with eczema than in con-
trols?® and was shown to correlate with the severity of
eczema.’ Heinzmann et al characterized a mutation in
Exon 4 of the IL-13 gene at position 4257 bp. The A allele
of this variant results in an amino acid change with a pre-
dicted enhanced receptor binding and increased IL.-13 sig-
nalling.3! Liu et al performed an association study of this
variant for eczema in 187 affected children and 98 unaf-
fected controls from the German MAS-90 cohort. The
presence of the A allele was significantly associated with
eczema and elevated serum IgE.3? Tsunemi et al studied
three polymorphisms (A704C, C1103T, G4257A) in 185
adult patients with eczema and 102 controls. They con-
firmed the association of the A allele of the G4257A vari-
ant with eczema®® as did a Canadian study in a small
sample of 29 affected children.3*

The high affinity IgE receptor (FceRl)

The high affinity IgE receptor (FceRI) is expressed on
mast cells, basophils, and antigen-presenting cells and
mediates allergic reactions by crosslinking with IgE. In
humans, FceRI is expressed either as a trimer or a
tetramer. The B subunit functions as a amplifier of
FceRI surface expression and signalling. The gene
encoding the B subunit of FceRI was investigated as a
candidate gene for eczema, as polymorphisms within
the gene had previously been shown to be linked and
associated with asthma and atopy.

Two non-coding sequence variants in Intron 2 and
Exon 7, and a coding polymorphism in Exon 7 (E237G)
of the FceRI gene were examined in two independent
family cohorts of 60 and 88 families, respectively. Using
a family-based association test, a significant overtrans-
mission of the maternal allele was observed. This result
was confirmed in the second family set.3® The functional
significance of these polymorphisms is under investiga-
tion. In a study of 12 extended pedigrees from Germany,
positive evidence for linkage of eczema with an intragenic
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microsatellite marker was reported.>® Studying a large
sample of 361 nuclear families with siblings affected with
eczema, linkage on chromosome 11q was not confirmed,
but a positive association of one of the most common
alleles of the FceRI microsatellite marker was found.!”

RANTES

RANTES is a CC chemokine with chemoattractant prop-
erties for eosinophils, lymphocytes, monocytes, and
basophils. In view of its role in the mediation of allergic
inflammation, the RANTES gene was explored as a can-
didate gene for eczema. A functional variant in the pro-
moter region (—401G/A) of the RANTES gene was shown
to result in an additional consensus site for the GATA
transcription factor family and in increased transcrip-
tional activity of the promoter. This variant was associ-
ated with eczema in a case control study of 188 children
with eczema and 98 controls from Germany.?” Association
of 2 promoter polymorphisms, —401A and —28G, with
asthma was detected in an English?” and a Chinese?” study
group, respectively. In an attempt to replicate the associa-
tion with eczema in a paediatric population from
Hungary, these two and an additional promoter polymor-
phism in position —2518G were investigated in 128 chil-
dren with eczema, 102 allergic children without eczema,
and 303 age-matched children without allergic disorders.
No association of RANTES promoter polymorphisms
with eczema, total IgE levels, white blood cell count, or
eosinophil cell count was detected.®

The results of candidate gene studies have been
highly variable. As summarised in Table 2.1, the study
populations are often quite small and it is difficult to
assess whether positive associations represent true find-
ings or type I errors. The risk of a type I error increases
as the number of tests with marker alleles and pheno-
types increases. Only few studies address this problem
and correct for multiple testing. Commonly, associa-
tions found in one study are often not replicated in oth-
ers. In many cases, direct comparisons of results are not
possible due to different study designs, disease defini-
tions, patient recruitment strategies, ethnic back-
ground, and environment. Furthermore, the conflicting
results of the IL-4 promoter polymorphism make it dif-
ficult to draw conclusions about the significance of the
findings. The following standards have been proposed
for a good association study:

1. Positive associations should be based on large sam-
ple sizes and small P values.

2. The study design should include an initial study as
well as an independent replication, as well as both
family-based and population-based studies.

3. The putative disease allele should affect gene func-
tion in a disease-relevant way.3’



18 TEXTBOOK OF ATOPIC DERMATITIS

Since the evaluation of strong functional candidate
genes for a complex disease across the whole genome
may include as many as 5000 tests, a nominal P value
of 10~ (0.05/5000) was proposed to provide a low type
[ error rate. Even more stringent parameters were sug-
gested for genome-wide tests in the absence of convinc-
ing functional candidacy or prior evidence of linkage.*’

INVESTIGATION OF GENE-ENVIRONMENT
INTERACTIONS

Eczema and atopy arise in susceptible individuals after
interaction with environmental factors. The importance
of the environment in the development of allergic dis-
ease is clearly reflected by their increase in prevalence
over recent decades.'> The investigation of gene—
environment interactions in eczema remains a challenge
for the near future. Epidemiological studies have docu-
mented a correlation of a decline of childhood infec-
tions,*! as associated with a ‘western’ lifestyle,*? small
family size,*3 and improved hygiene with the emergence
of allergic disease. To address a possible influence of
childhood infection on the expression of eczema in car-
riers of the IL-4 receptor (oIL4R) polymorphism
QS5351R, Callard et al studied 992 children from the
ALSPAC cohort. The documented use of antibiotics
was used as a surrogate marker for infection. This study
revealed a positive association of the 551R allele with
eczema during the first 6 months of life (P=0.02) only
in the group of children that had not received antibi-
otics. In contrast, no difference in the allelic distribution
of this marker was observed among children who had
used antibiotics. This association was not present at the
age of 60 months. The authors conclude that the influ-
ence of infection on the immune system of a genetically
susceptible individual may be limited to a critical time
interval during the first few months of life. The study
demonstrates that some genetic determinants may only
be detectable if environmental factors are taken into
account.*! The results also demonstrate that studies of
gene—environment interaction in humans require much
larger study populations in which clinical and environ-
mental data are available.

MENDELIAN DISEASES

An alternative candidate gene approach has been the
investigation of rare Mendelian forms of atopic disease
in which mutations in single genes impart large effects
on phenotype expression. This approach may be par-
ticularly well suited to eczema and atopy, as the func-
tional consequences of single gene disorders are easier

to explore and may define fundamental pathways
which, when altered, also affect more common forms
of atopic disease.

The first Mendelian disorder investigated was the
hyper-IgE syndrome. This disorder is characterized by
extremely high serum IgE levels, eosinophilia, chronic
eczema, recurrent staphylococcal and fungal infections,
as well as pneumonia. Additional features may include
coarse facial features, osteoporosis, hyperextensible
joints, and delayed shedding of primary teeth. Segregation
analysis suggests an autosomal dominant mode of inher-
itance with variable expression of the phenotype. Linkage
analysis in 19 affected families revealed significant evi-
dence for linkage on chromosome 4q21.** This region
also showed linkage to specific sensitization against
house dust mites in 66 affected sib pairs from Germany.*

The chromosomal region containing the gene mutated
in Wiskott-Aldrich syndrome (WAS) was investigated as
a candidate gene for eczema. WAS is a rare X-linked
recessive immunodeficiency disorder characterized by
severe eczema, thrombocytopenia, recurrent infections,
and susceptibility to autoimmune disease and lym-
phoreticular malignancies. The eczema observed in WAS
usually presents within the first few months of life and is
clinically indistinguishable from eczema. Mutations in
the gene encoding Wiskott-Aldrich syndrome protein
(WASp) on chromosome Xp23 have been shown to
cause WAS.* Four polymorphic microsatellite markers
flanking the WAS gene were typed in a Swedish study
group comprising 406 affected sib pair families with
eczema. Three phenotypic traits were investigated:
eczema, severity score of eczema, and atopy defined as
raised allergen-specific IgE. Modest evidence for linkage
was reported at marker MAOB with a maximum
lod score of 1.68 (P<0.05) to the severity score of
eczema. Association of genetic markers in this region
could not be seen with eczema nor with elevated allergen-
specific serum IgE antibodies. These results provide
some evidence that either the WAS gene or another gene
in the area contributes to the severity of eczema.*”

Recently, the gene underlying the Mendelian disorder
Netherton syndrome has been explored for atopic dis-
orders.*8 Netherton syndrome is a rare autosomal reces-
sive disease characterized by congenital erythroderma
and ichthyosis, sparse brittle hair with a specific hair
shaft defect (trichorrhexis invaginata), and atopic
manifestations, including high levels of serum IgE,
eczematous rashes, asthma, hay fever, angioedema, and
eosinophilia. Netherton syndrome was mapped to chro-
mosome 5q32 distal of the cytokine gene cluster.*’ The
underlying disease gene was identified to be SPINKS.
The coding sequence consisting of 33 exons was rese-
quenced and six coding polymorphisms were identified,
four of which were genotyped in a panel of 148 families



recruited through a child with eczema. Using the TDT
test significant overtransmission of the maternal allele
of two polymorphisms, Asn368Ser in Exon 13 and
Glu420Lys in Exon 14, was observed for the pheno-
types eczema, specific sensitisation, and elevated total
serum IgE. The association with the Glu420Lys poly-
morphism was replicated for the phenotypes eczema,
specific sensitisation, elevated total serum IgE, and
asthma in a second group of 73 families. An independ-
ent replication was attempted in a Japanese study of
124 patients with eczema and 110 healthy controls.
Two polymorphisms in Intron 12, three polymorphisms
in Exons 13, and one polymorphism in Exon 14 were
genotyped. Association analysis of the Asn368Ser and
Glu420Lys polymorphisms did not show an association
with the putative disease allele suggested by the original
study. For the two intronic polymorphisms a weak
association with eczema was detected. The disparate
results of the studies may reflect differences of the study
populations in terms of ethnic origin, age, and the study
design. Parent-of-origin effects could not be investi-
gated in the Japanese study. The authors concluded that
they may not represent general susceptibility factors for
eczema in caucasian populations.’

A third study was conducted in a Caucasian popula-
tion from Germany. Association of the coding variants
Asn368Ser, Asp386Asn, and Glu420Lys with eczema
was tested for using both a case control study including
201 patients and 368 controls and a family-based study
on 308 patient-parents trios. The latter approach allowed
the authors to investigate maternal overtransmission.
Both studies showed no association of the polymor-
phisms with eczema. The authors concluded that they
may not represent general susceptibility factors for
eczema in Caucasian populations.” The recent finding of
a major eczema susceptibility gene originated from the
investigation of families with autosomal dominant
ichthyosis vulgaris (IV). IV is a disorder of keratinisation
that is characterized by hyperlinearity of the palms and
fine scaling of the skin. Loss-of-function mutations in the
gene encoding filaggrin (FLG) have been identified as a
common genetic causes.’! FLG is located within the epi-
dermal differentiation complex (EDC) on human chro-
mosome 1q21. Filaggrin is a key protein of the epidermis
which plays a key role in the formation of the protective
skin barrier. In the outer granular layer of the epidermis,
filaggrin is associated with keratin intermediate filaments
and aids their packing into bundles. In terminally differ-
entiated keratinocytes, filaggrin is crosslinked to the
cornified cell envelope which constitutes an insoluble
barrier in the stratum corneum, protecting the organism
against environmental agents and preventing epidermal
water-loss.’? Palmer et al reported that the same loss-of-
function mutations in FLG predispose to eczema and
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asthma that occurs in association with eczema.’? This
study demonstrated that a primary defect in the skin bar-
rier plays an important role in the etiology of eczema and
provided a molecular link with the epidermal barrier dys-
function that is clinically observed in eczema patients.
Unlike most of the previously reported genetic associa-
tions, a strong association of FLG null mutations with
eczema has repeatedly been replicated. Subsequent stud-
ies have demonstrated a reduced penetrance of 42% and
have estimated that FLG mutations account for about
11% of eczema cases in a population based cohort from
Germany.>*

GENOME-WIDE LINKAGE STUDIES AND
POSITIONAL CLONING

Positional cloning of eczema genes relies on chromoso-
mal mapping/localisation by linkage analysis, subse-
quent narrowing of the candidate region by linkage
disequilibrium mapping, and finally characterization of
sequence variants and their effect on gene function and
disease pathogenesis. Genome-wide linkage studies are
the first step in the attempt to identify disease genes by
positional cloning. This approach exploits the inheri-
tance of the disease in multiply-affected families and
identifies chromosomal regions that have been inherited
by affected individuals. It therefore allows the identification
of disease genes without prior knowledge of putative
disease mechanisms and carries the potential to unravel
novel genes and molecular pathways that are important
in the disease pathogenesis.

In a genetic linkage study, many families, usually
hundreds, are investigated in which the phenotype of
interest, eczema, segregates. To scan the genome, every
proband is genotyped using several hundred genetic
markers evenly spaced along all chromosomes. Usually,
highly informative genetic markers are used that allow
one to trace the inheritance of each chromosomal seg-
ment from parents to offspring. One would expect a
chromosomal segment containing an eczema gene to be
shared among affected family members more often
than regions that have no effect on disease susceptibil-
ity. The significance of the excess sharing can be
expressed in lod scores.’?

Ten previous genome scans focussing on asthma and
elevated IgE levels have been conducted in different
ethnic groups and have revealed numerous linkage
findings in different chromosomal regions throughout
the genome. The major overlapping linkage findings on
asthma, were located on chromosomes 1p, 4q, 5p, 5q
near the cytokine gene cluster, 6p near the major histo-
compatibility complex, 7p, 11q near the B chain of the
high affinity IgE receptor, 12q, 13q, and 16q.%°
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The localisation and identification of susceptibility
genes of complex diseases has been facilitated by includ-
ing families with an early age of onset in the analysis.
This approach has been successful in disease gene iden-
tification in breast cancer’® and chronic inflammatory
bowel disease.’? The first genome scan for eczema was
designed to enhance the contribution of genetic factors
in the family set. Therefore, only families with at least
two children with eczema with an early age of onset
(before the second birthday) and severe disease expres-
sion were included: 199 complete nuclear families from
Germany, Italy, Sweden, and the Netherlands, were
included in the study.’! Highly significant evidence for
linkage was detected in a single chromosomal region on
chromosome 3q21. This locus was distinct from any
previous linkage reports for asthma or atopy pheno-
types. The finding therefore suggested that distinct
genetic factors predispose to eczema. Further analysis
on chromosome 3q21 revealed that a large estimated
proportion of 40% of the families contributed to the
linkage score. As epidemiological studies suggested an
increased risk of allergic disease transmitted by the
mother rather than the father, an additional analysis
was conducted to assess whether there was an excess of
maternal allele sharing (parent-of-origin effect). This
investigation revealed significant evidence for a mater-
nal effect at this locus. Subsequently, the underlying
disease causing gene has been identified as a novel epi-
dermal collagen gene, collagen 29A1 (COL29A1).%7
Collagens are the most abundant extracelluar matrix
(ECM) proteins in vertebrates and play a crucial role in
maintaining tissue integrity. Their importance for tis-
sue function has been highlighted by the wide spectrum
of human diseases caused by mutations in collagen
genes.’® COL29A1 was located in a two-staged inves-
tigation consisting of systematic linkage and associa-
tion. Scanning of the candidate region and subsequent
confirmation of the association in a large independent
replication data set. An association with a maternal
transmission pattern was detected within a subregion
of 1.70 kilobase, which included a single gene,
COL29A1. Involvement of COL29A1 in eczema was
further supported by its tissue-and cell-specific expres-
sion pattern. Highest COL29A1 expression was
observed in the epidermis, but also in other epithelial
tissues including the lung, small intestine, and colon
which are the main manifestation sites of allergic disor-
ders, including asthma and food allergy. This gene
expression pattern indicated a potential role of collagen
XXIX in a wider spectrum of allergic diseases and sug-
gested a molecular link between eczema, respiratory
airways disease, and food allergies which are epidermi-
ologically closely associated.’®-¢9 Comparative expres-
sion analysis if COL29A1 in skin biopsies if eczema,

patients revealed a distinct lack of COL29A1 mRNA
and protein in the outer viable layers of the epidermis.
This finding indicated that a defective ECM may give
rise to the disease, proposing a new disease mechanism
in the etiology of eczema.’”

The second genome-wide scan was conducted in the
UK and included 148 families recruited through a child
with active eczema.’® The linkage result on chromo-
some 3q was not replicated. Instead, additional link-
ages for eczema on chromosomes 1q21 and 17q25, and
for eczema with asthma on chromosome 20p were
reported. Notably, all three loci as well as the one pre-
viously described on chromosome 3q closely overlap
with linkage findings for another chronic inflammatory
skin disease, psoriasis. This finding further supported
the notion that skin-specific susceptibility factors exist.
While eczema and psoriasis are distinct clinical entities
that show no epidemiological association, the newly
identified candidate regions may contain genetic vari-
ants specific to skin barrier function and immunity and
may thus facilitate the identification of the underlying
disease genes. The candidate region on chromosome
1921 contains the epidermal differentiation complex
and that on chromosome 17q the keratin type I gene
cluster. Mutations in a number of genes located in
either region have been demonstrated to cause different
monogenic disorders of epidermal differentiation and
function.**

A third genome-wide linkage study for eczema sus-
ceptibility genes was conducted in a Swedish study
group. Of a total of 406 affected sib pair families, 109
were selected for the genome scan.>® Similar to the pre-
vious studies, 367 microsatellite markers were used
and linkage analysis was carried out for three qualita-
tive phenotypes, eczema, extrinsic eczema, and severe
eczema, as well as one semi-quantitative phenotype,
severity of eczema. Suggestive evidence for linkage was
reported for eczema on chromosome 3p24-22, and for
eczema combined with elevated allergen-specific IgE
levels (atopic eczema) as well as for severe eczema on
chromosome 18q21. For the semi-quantitative pheno-
type severity score of eczema, suggestive evidence for
linkage was found in an additional four regions on
chromosomes 3q14, 13q14, 15q14-15, and 17q21.
The results of the published genome scans are sum-
marised in Table 2.2. Taken together, two chromoso-
mal regions on chromosomes 3q and 17q emerge
which are supported by replication and confirmation
in the third study. All three studies demonstrate that
multiple disease genes predispose to eczema. There is
only partial overlap with linkage findings for asthma
confirming epidemiological data that suggested the
existence of shared genetic susceptibility for all atopic
diseases and organ-specific genetic susceptibility.
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MOUSE MODELS

Gene mapping by linkage analysis in animal models offers
several advantages over the human setting such as reduced
genetic heterogeneity in inbred strains and the possibility
to generate large numbers of offspring in short generation
times. This is particularly useful in the process of disease
gene identification in a linked chromosomal segment as
key recombinants in a candidate region can more easily be
generated by breeding. In addition, the mouse offers a dif-
ferent approach to disease gene identification based on
gene targeting by knockout and transgenic techniques.
Furthermore, inbred animal strains provide an ideal set-
ting for the investigation of gene—environment interac-
tions as animal experiments can be conducted under
conditions of tight environmental control.

Inbred mouse models with susceptibility to eczema
like disease and atopy have been used in backcrosses
with disease-resistant strains for gene mapping. The
NOA (Naruto Research Institute Otsuka Atrichia)
shows an ulcerating dermatitis with accumulation of
mast cells and increased serum IgE. A susceptibility
locus for dermatitis was mapped to a region on mouse
chromosome 145¢ that is syntenic to human chromo-
some 13q14 where linkage of total serum IgE levels
and asthma has been reported.’”*® Two additional
modifier loci on mouse chromosomes 7 and 13 have
been identified.® The respective syntenic regions on
human chromosomes 11q13 and 5q13 have repeatedly
been linked to atopic phenotypes.>® Using a positional
cloning approach in human populations, the underly-
ing disease gene on chromosome 13q14 has been
identified as PHF11. Variants in this gene were found
to be associated with specific sensitization and severe
asthma,’® as well as eczema.’® While the function of
PHF11 remains to be elucidated, its expression in cells
of the immune system and domain architecture suggest
a role in transcriptional regulation.

Another inbred model, the NC/Nga mouse (NC) has
been investigated. This mouse is characterized by severe
dermatitis with epidermal hyperplasia and increased
numbers of mast cells and eosinophils, as well as ele-
vated serum IgE. A locus for the eczema skin-like lesions
was located on mouse chromosome 9 in a region
syntenic to human chromosomes 11q22-23 and
15q21-25.%0 The latter region has shown linkage to the
severity score of eczema in Swedish families.>S Fine map-
ping of the proposed eczema loci in the mouse and dis-
ease gene identification is pending. Gene discovery by
positional cloning in mouse models is facilitated by the
availability of breeding strategies such as congenic sub-
stitution mapping.®! The orthologues of genes within a
defined mouse chromosome interval are strong candi-
dates for human disease loci and are expected to reveal
disease-relevant pathways that can be explored further

in human populations. Likewise genes identified in man
can be analysed functionally using mouse models.

SUMMARY

Eczema and atopy are multifactorial disorders with a
strong genetic basis. Improved methods of genetic analy-
sis and the availability of the sequence of the human
genome have led to remarkable progress in identifying
chromosomal regions and candidate genes linked to
eczema. Recent genetic findings highlight the importance
of the epidermis and its role in maintaining the physical
and immunological barrier in the pathogenesis of eczema
and allergic disease. Functional evaluation of novel dis-
ease variants including their predictive value in human
populations and possible interactions with environmen-
tal factors will require the examination of large numbers
of clinically well-characterized patients and families.

The genetic constitution provides the basis for immune
responses to environmental stimuli and autoantigens. It is
possible that many gene variants that predispose to eczema
and atopy have evolved as determinants of natural host
resistance to infectious disease. The overlapping linkage
findings for eczema and other chronic inflammatory skin
conditions favor genes that determine skin-specific disease
mechanisms. Future analysis of complex diseases like
eczema will benefit from the development and application
of analytical methods that have the ability to systematically
evaluate the contribution of genes operating in heteroge-
neous environments. Comprehensive analysis of the
genetic components of different pathway(s) that are essen-
tial for the development of eczema will be an important
tool, since it seems very likely from our current knowledge
that many molecular variants acting in concert may be
required to induce and maintain expression of the disease.
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The pathogenesis of atopic dermatitis

Natalija Novak and Thomas Bieber

INTRODUCTION

The skin is much more than just a protective coat and
encounters a high number of antigens at the interface
between the body and the surrounding environment.!»?
Atopic dermatitis (AD) is a chronic inflammatory skin
disease, clinically and histologically very similar to con-
tact dermatitis. AD can occur at any age and has a high
prevalence in children. In past years, the rising interest
in this disease has been forced by its increasing preva-
lence in Western societies and its contribution to the
worsening of health care costs.> AD offers a wide clini-
cal spectrum ranging from minor forms presented by a
few dry eczematous patches to major forms with erythe-
matous rash.* Cardinal features of AD are erythema-
tous eczematous skin lesions, flexural lichenifications or
papules which go along with an intense pruritus and
cutaneous hyperreactivity.>>® Various names, such as
atopic eczema, neurodermitis constitutionalis, endoge-
nous eczema, eczema flexurarum, Besnier’s prurigo,
asthma eczema, or hay fever eczema have been created
for this disease and indicate that still no precise clinical
definition of AD exists.” Additionally, the exact patho-
physiosiological mechanisms leading to AD are still elu-
sive and various studies have tried to unravel the key
factors leading to this disease.®

Since Prausnitz et al described the existence of a
human serum factor that reacts with allergens in 1921,
much effort has been made to characterize the effector
molecules of human immunity in depth. Today we
know that the antibody called immunoglobulin E (IgE)
which was discovered in 1967 by Ishizaka® is com-
posed of 2 identical heavy and 2 identical light chains.
These chains form the antigen-binding and the con-
stant Fc domain, through which the IgE molecule binds
to its cell surface receptors. Most individuals react with
an increase of serum IgE levels as a defensive response
to parasitic infections. IgE-mediated hypersensitivity
reactions are largely regulated by T lymphocytes and it

is generally accepted that the increased prevalence of
atopic diseases in recent years is due to a disturbed bal-
ance of Th1 cells and Th2 cells with a clear predomi-
nance of Th2 cells.!? The latter preferentially produce
interleukin (IL)-4, IL-5, IL-10, and IL-13, which induce
IgE production and activation of eosinophils, thereby
facilitating the typical features of allergic diseases. The
exact reasons for this disturbance are unknown but are
generally attributed to the Western lifestyle.!!

In regard to AD, two types have been identified:
the allergic form, which affects about 70-80% of the
patients and occurs in the context of sensitizations
towards environmental allergens and elevated serum
IgE level, and the intrinsic, non-allergic form, affecting
a minority of 20-30% of the patients, occurring with
low IgE serum levels and the absence of any detectable
sensitizations.!? This suggests that elevated allergen
specific IgE levels are not a prerequisite in the patho-
genesis of AD. In recent times the concept of a ‘pure’
type of AD without any previous or actual associated
respiratory diseases is distinguished from the ‘mixed’
counterpart associated with sensitizations against
aero-allergens or food allergens, implying that elevated
IgE serum levels can be associated with this disease but
are not an obligate parameter for defining the disease.

PREDISPOSING FACTORS

The hygiene hypothesis

The generally held belief is that human foetal lympho-
cytes are skewed towards a Th2 profile as a conse-
quence of intrauterine priming by placental cytokines,
hormones, and possibly by transplacental allergen
exposure.!3 During the postnatal period, in non-atopic
individuals the Th2 profile switches into a Th1 profile,
probably in consequence of stimulation by different
infectious agents. In contrast, in atopic individuals this
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reversal does not take place during the first month of
life and gives rise to immunological reactions of the
Th2 type. Additionally, factors of the modern lifestyle,
such as the use of antibiotics, the reduction of the fam-
ily size, and the increase of hygienic strategies, lead to a
reduction of bacterial stimulations and support this
development.!#

Other risk factors include low birth weight, maternal
smoking, early infection with respiratory syncytial
virus, vaccination against Bordetella pertussis, and
early allergen contacts.!®

Recently, an effective prevention of early atopic dis-
eases in children at risk from Lactobacillus GG has
been described.!® In this study, perinatal administra-
tion of probiotics halved the development of AD during
the first 2 years of life.

Other primary prevention strategies constitute in
main part of the avoidance of early allergen exposures,
i.e. food and inhalation or breast-feeding, which is con-
sidered as the first choice for atopic infants. As another
strategy, it has been found that the administration of
antihistamines over a time period of 12-24 months was
able to delay/prevent the development of asthma in AD
children later in their lives.!”

Genetic mechanisms

The early age of onset, the familial occurrence of the
disease and the high concordance rate of 77% in
monozygotic twins and 15% in dizygotic twins suggest
that AD represents a genetically complex disease, which
develops against a background of gene—gene and gene—
environment interactions.'® A number of candidate
genes have been proposed by several research groups
and have sometimes provided contradictory results about
numerous linkages to various chromosomal regions. The
genetic studies on AD may be classified into two different
approaches: linkage gene analysis studies and the studies
of candidate genes. The first strategy is aimed at detecting
an association of the AD phenotype with any of the
chromosome regions. Meanwhile candidate gene studies
investigate the association of polymorphisms of a specific
gene with the atopic phenotype and are restricted to a
single, already known gene locus.

Several chromosomes contain candidate genes, espe-
cially on chromosome 5q31-33 containing the Th2
cytokine genes IL-3, IL-4, IL-5, IL-13 and GM-CSF."?
In 1998, linkage analysis showed a gene encoded at
16p11.2-12 to be linked to the total serum IgE level .20
This gene region is the location of the IL-4 receptor
alpha gene (IL-4Ra). It was suspected that mutations
leading to an increased IL-4 receptor reactivity such as
QS576R could be responsible for elevated IgE secre-
tion.?! Further on, polymorphisms affecting at least
4 different amino acids in the cytoplasmic domain of

IL-4Ro may significantly influence the outcome of IL-4
receptor signalling and consequently IgE secretion.!?

Additionally, a linkage of high total IgE with 12q21-
1q24.1, where the genes for interferon-y (IFN-y) and
stem cells factor (KIT-ligand/mast-cell growth factor)
are located, was detected.??

Cookson et al found that the gene locus 11q13,
which represents the region for the B-chain of the high
affinity receptor for IgE, has been linked to the AD phe-
notype and provided the first evidence for an effect of
maternal imprinting on atopy,? as he revealed a signif-
icant sharing of maternally inherited alleles in region
11q13 in sib pairs with atopic IgE responsiveness.?2 AD
has also been associated with a low-producer trans-
forming-growth factor phenotype.?* Similarly, variants
of the IL-13 coding region,?’ functional mutations of
the proximal promoter of the RANTES gene and the
linkage of AD to chromosome 3q21, a region encoding
the costimulatory molecules CD80 and CD86, have
been identified as susceptible loci for AD.2¢

The disturbance of skin function

Intense pruritus and scratching in combination with a
cutaneous hyperreactivity and reduced threshold for
pruritus underlie the vicious circle of the continuous
mechanical stimulation and the dysregulated cytokine
release by keratinocytes.

As a basic defect of AD, the altered lipid composition
of the stratum corneum is responsible for the xerotic
aspect of the skin and determines a higher permeability
to allergens and irritants, which could be typically
found in AD patients.?” Ceramides serve as the major
water-holding molecules in the extracellular space of
the cornified envelope, and the barrier function of these
complex structures is provided by a matrix of struc-
tural proteins bound to ceramides.?® A reduced content
of ceramides has been reported in the cornified enve-
lope of healthy and diseased epidermis in AD patients.
This abnormal expression of ceramides leads to an
abnormal expression of sphingomyelin deacylase-like
enzymes. Even non-involved skin of AD patients is
characterized by an severe dryness and an impairment
of the barrier function of the stratum corneum, indi-
cated by an increased transepidermal water loss. As an
additional factor, ceramidase, which breaks down
ceramide into sphingosine and fatty acid, is secreted
significantly more from the bacterial flora obtained
from lesional and non-lesional skin of AD patients. In
the active phase of the disease, pH values shift towards
alkalinity at both eczematous and uninvolved skin
sites.?? Altogether the susceptibility to irritants in AD
can be described as a primary, continuous defect of
epidermal differentiation and functions in the presence
of subclinical inflammation-induced skin damage in
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Figure 3.1  Staphylococcus aureus-derived enterotoxins (SEA/SEB) amplify the proliferation of T cells and
trigger the proinflammatory immune response in AD in this way.

combination with a further impairment of the skin
barrier during the active phase of the disease.

PROVOCATION FACTORS

Food and aeroallergens

Food allergies have a pathogenetic role in a subset of
AD patients, particularly in infants, and contribute to
the severity of the disease by the induction of skin
lesions. In most of the cases, these food allergens are
derived from egg, wheat, milk, soy, and peanut. Food-
allergen specific T cells have been cloned from the
lesional and non-lesional skin of AD patients.3°
Intranasal or bronchial inhalation challenge with
aeroallergens such as house dust mite or animal dander
can lead to the development or worsening of AD skin
lesions and the degree of IgE sensitizations to aeroaller-
gens is directly associated with the severity of the dis-
ease, while the reduction of exposures to some
common allergens such as house dust mite is associated
with a significant improvement of AD in some cases.>!
As a proof of concept the successful application of
aeroallergens such as cat dander in the atopy patch test
(APT) shows that it is possible to elicit eczematous skin
lesions solely by external application of aeroallergens to
the skin.3? The APT is assumed to evaluate the clinical
relevance of IgE-mediated sensitization in AD patients.
The intermittent or continuous flow of aeroallergens
and autoantigens in the process of facilitated antigen

presentation may define the pathophysiological basis of
the recurrent and self-perpetuating course of AD.33

Microbes

Pityrosporum ovale is a lipophilic yeast commonly found
on the head and neck area and is thought to elicit imme-
diate and late-phase reactions in these patients. In over
60% of the AD patients even IgE to Pityrosporum ovale
can be detected in the peripheral blood supporting the
hypothesis of the importance of this organisms in AD.>*

Staphylococcus aureus is found in over 90% of
patients with chronic AD skin lesions, reaching a density
of approximately 1 million per cm?2.35 Acute exudative
skin lesions can contain over 10 million of this organism
per cm? and increased numbers have been found even in
normal skin and the nasal vestibula or intertriginous
areas of AD patients.>® In contrast, only 5% of normal
subjects harbour this organism on their skin surface.

Scratching is an important factor, enhancing the
binding of the bacteria by disturbing the skin barrier
and exposing extracellular matrix molecules known to
act as adhesions to Staphylococcus aureus (such as
fibronectin, collagens, fibrinogen, elastin, laminin). In
addition, bacterial binding seems to be higher at skin
sites with Th2-mediated inflammation by the induction
of an enhanced production of these adhesins. S. aureus
is capable of secreting toxins, such as enterotoxin A
(SEA) and B (SEB) or toxic shock syndrome toxin-1 at
the skin surface, which serve as so-called ‘superantigens™”
(Figure 3.1).
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Figure 3.2 As an additional factor, autoallergens amplify the immunologic reactions in AD patients.

S. aureus superantigens are presented as ‘ordinary’
antigens in the peptide-presenting groove of the major
histocompatibility complex MHC to the respective
antigen-specific T cell. On the other hand, the intact
proteins are capable of bridging the MHC complex to
all T cells with the same B-chain family, irrespective of
their antigen specificity.

An analysis of the peripheral blood skin homing
CLA+ T cells from these patients and T cells in their
skin lesions shows that they have undergone a T-cell
receptor Vb expansion consistent with superantigenic
stimulation.?® Superantigens augment the synthesis of
allergen-specific IgE and induce glucocorticoid resistance
in these patients.? In most of the AD patients specific
IgE antibodies against staphylococcal superantigens
could be found, which correlate with disease severity.
AD skin is also deficient in antimicrobial peptides
needed for host defence against bacteria, fungi and
viruses. Together, the higher colonisation with micro-
bial hosts in combination with an inadequate host
defence might perpetuate the course of disease.

Autoallergens

Immunoglobulin E autoreactivity has been implicated
as an immunopathogenetic factor in AD. In addition,
molecular analysis of allergens has revealed striking sim-
ilarities between environmental allergens and human
proteins, leading to the hypothesis that autoimmune
reactions might also play a role.*? Recently, IgE-reactive
autoantigens directed against human proteins have been
cloned from human epithelial copy DNA (cDNA) expres-
sion libraries and have been found to represent primarily
intracellular proteins.*! Autoantigens characterized for

AD are Hom s 1-5 and DSF70.** These autoantigens
seem to act as adjuvants to the immunological mecha-
nisms in AD patients with elevated IgE levels, as they
have been detected in IgE-immune complexes of AD sera
and the release of autoallergens from the damaged tissue,
putatively triggered by mechanical factors such as
scratching, could trigger responses mediated by mast
cells, T cells, and IgE (Figure 3.2). This notion is sup-
ported by the observation that IgE autoallergen levels
decrease in consequence of successful treatment. Together
these finding imply that immune responses initiated by
environmental allergens might be maintained by human
endogenous antigens.

Contact allergens

Possible contact allergens, which can penetrate the epi-
dermal skin barrier in AD patients more easily due to
its impairment, include nickel, latex, vehicle of external
preparations, and fragrances. Furthermore, irritative
agents such as wool or disinfectants might lead to some
exacerbation of the disease. Therefore, avoidance or
even reduction of these factors in the environment
should be one of the basic principles in the manage-
ment of the disease.!$

Neuroimmunological factors

One important provocation factor of AD, which can
lead to the exacerbation of the disease, is stress. Even
though the exact mechanisms of the interaction of the
skin immune system and the nervous system have not
yet been identified, it is believed that this phenomenon
might be mediated by neuroimmunological factors such



as neuropeptides, which can be found within the
epidermal nerve fibres in close association with epider-
mal Langerhans cells (LCs).*> Some of these neuroim-
munological mediators, such as calcitonin gene-related
peptide (CGRP), are able to exert an inhibitory effect on
the antigen presenting capacity of LCs. In addition, acti-
vated keratinocytes are able to produce the neuropep-
tide proopiomelanocortin-derived hormones (a-MSH),
which in turn seem to promote IL-10 secretion in order
to induce negative feedback signals for the down-
regulation of the inflammatory reactions in the skin.**
Mast cell tryptase and proteinase-activated receptor-2
as well as IL-31 have been observed to be up-regulated
in patients with AD, mediators which may not only be
involved in inflammation but also pruritus. Thus, vari-
ous neuroimmunological mechanism in the skin of AD
patients may contribute to new therapeutical interven-
tion strategies in the future.*

IMMUNOPATHOGENIC FACTORS

Monocytes

Increased cyclic adenosine monophosphate (cAMP)
hydrolysis by genetically determined overactive phos-
phodiesterase in monocytes leads to an increased pro-
duction of mediators such as prostaglandin E and
IL-10.#¢ This mechanism turns to inhibit Th2 responses
and accentuates IL-4 secretion by Th2 cells and it
appears that in addition to prostaglandin E2, IL-10 acts
to regulate the balance between Th1 and Th2 functional
responses, accounting for many atopic features, includ-
ing IL-4, IL-5, and IL-6 production by T cells, increased
IgE synthesis, decreased interferon-y production and
impaired cell-mediated immune responses.*” The ques-
tion of a defect at the level of monocytes has been an
issue for a long time. It has been suggested that mono-
cytes from atopic individuals display enhanced survival
and release distinct soluble mediators. Monocytes of
patients with allergic AD display enhanced surface
expression of the high and low affinity receptor for IgE
(FceRI and FceRII) and the IL-4Ro chain and in this
way can be distinguished from monocytes in patients
with non-allergic AD, in which the expression of these
surface markers is low.'? Additionally, the composition
of different monocyte subsets,*® which have been identi-
fied in the peripheral blood recently, is distinct in the
acute phase of the disease.

Eosinophils

The common presence of peripheral blood eosinophilia
and elevated serum levels of eosinophil granule proteins
suggests that eosinophil degranulation plays a major
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role in AD. Increased serum levels of eosinophils with
enhanced survival have been detected and especially on
eosinophils from allergic AD patients, the functional
CD137 receptor,* which stimulates T-cell activation
and differentiation, could be detected. The granular
protein elevations found in the peripheral blood corre-
late with the disease activity. In the skin, Th2 cytokines,
together with chemokines such as eotaxin and mono-
cyte chemoattractant protein 4, promote the influx of
activated eosinophils into the skin of AD patients.’?
Extensive eosinophil major basic protein deposition has
been demonstrated in the lesional skin.’!

Keratinocytes

Dysregulated signal transduction in epithelial cells
could favour an exaggerated response to inflammatory
stimuli. Altered cytokine synthesis by skin cells is pro-
posed to increase the expression of TNF-o, IL-1, and
IL-12 mRNA in the skin of AD patients after contact
with detergents or aeroallergens.”? An intrinsic defect
of keratinocytes found in AD leads to an enhanced
secretion of GM-CSF, IL-1 and TNF-o. and might
result in main part from the altered transcriptional con-
trol or activation of the signal transduction cascade.

T cells

One of the most prominent features of AD is the pro-
nounced skin infiltration with activated CD4+ T cells
in skin lesions. Immunohistological investigations
have shown that the dermal infiltrate in the skin
lesions is mainly composed of CD4+ and CD8+ cells
with a CD4:CDS8 ratio similar to that found in the
peripheral blood. It is well known that the human
immune system harbours a powerful army of cuta-
neous T cells, which seem to be highly activated and
bear the cutaneous lymphocyte antigen (CLA) on their
surface, which enables them to be immediately
recruited into the skin on invasion of foreign anti-
gens.’> Homing of T cells to the skin is determined
by the interaction of CLA with vascular cell surface
antigens expressed on dermal blood vessels, such as
E-selectin. Other important co-factors in this homing
process are alpha-6 integrin, VCAM-1, ICAM-1, and
IL-8 which are found in higher levels in the peripheral
blood of AD patients.’* Following antigen presenta-
tion by DC, ThO precursors are triggered to differenti-
ate into Th1 or Th2 cells. While the Th1 response is
associated with delayed-type hypersensitivity reactions
(DTH) and the predominance of interferon-y and IL-2
secretion, the Th2 pattern is associated with an
increased secretion of IgE and IgE-mediated reactions
as even as the predominance of IL-4, IL-5, and IL-
13.55 In this regard, AD has a particular status, since it
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is clinically a cell-mediated hypersensitivity reaction.
Analyses of biopsy samples from unaffected skin of
AD patients have an increased number of Th2 cells
expressing mRNA of IL-4 and IL-13. While acute AD
lesions do not contain significant numbers of cells
expressing mRNA of IL-5, IL-12, GM-CSF, or 1L-12,
the mRNA amount of these cytokines increases in the
chronic phase while the mRNA level of IL-4 and IL-13
expressing cells decreases. Together with kinetic stud-
ies from lesional skin of APT reactions a biphasic
course of AD is suggested, in which the initial phase is
characterized by a Th2 pattern. This phase switches
into the chronic phase, predominated by a clear Th1
profile.¢ This switch is probably started by local pro-
duction of IL-12 from infiltrating eosinophils or
inflammatory dendritic epidermal cells, or both.

Inflammatory cytokines and
chemokines in the skin

The paradoxical reduction in cell-mediated immunity
in AD is a result of the increased production of
immunosuppressive cytokines such as IL-10 and TGF-
B that have been observed in AD. Further on, the
chemoattractant for CD4+ T cells, as even as the
chemokines T cells expressed and secreted (RANTES),
macophage-derived chemokine (MDC) and thymus
and activation-regulated chemokine (TARC) could be
found in AD.%”

Persistent skin inflammation in chronic skin lesions
could be induced by mediators which enhance the sur-
vival of eosinophils, monocytes/macrophages and DC
such as IL-5 or GM-CSF, which can be found in high
numbers in chronic AD skin.’8

CONCLUSIONS AND FUTURE
PERSPECTIVES

The pathophysiology of AD is rather heterogeneous.
First, antigen-presenting cells are located at the interface
between the environment and the skin. DC in tissues are
highly specialised for capturing and processing foreign or
autologous antigens or haptens. Uptake of high-molecular-
weight antigens by DC may occur through macropinocy-
tosis or more specifically through a number of mem-
brane receptors such as FceRII or FceRlI, the high affinity
receptor for IgE.’° Inflammatory dendritic epidermal
cells (IDEC)® have been reported as FceRI bearing DC.

Thus, epidermal LC and IDEC in the skin lesions of
AD patients express the high affinity receptor for IgE
(FceRI), indicating a crucial role in antigen presentation
as well as hyperreactivity.

Furthermore, DCs expressing high receptor densities
probably induce the synthesis and release of mediators,

which help to enhance the subsequent antigen presenta-
tion. Hence antigen uptake and aggregation of FceRI
on DC may lead to the de novo synthesis and release of
mediators capable of directing T cells towards a defined
phenotype and function of Th1 or Th2 cells.

In general various cells such as LCs, IDEC, macro-
phages, T cells, B cells, keratinocytes, endotheltial cells,
eosinophils, and mast cells orchestrate the pathophy-
iology of AD with different dominance at various
stages. These cells communicate with each other in
cylokines, predominantly Th2-dominated, as well as
chemokines, prostanoid, proteases, and reactive oxygen
species products. Undoubtedly, the high affinity IgE recep-
tor plays a crucial role in this context. Dissecting these
interactions at the cellular and molecular level will lead to
a deeper understanding of the pathophysiology of AD.

Hyperstimulatory cells of the DCc lineage.®! However,
it was the combination of immunomorphological and
ultrastructural characterizations which led to the delin-
eation of two different epidermal DC populations in this
disease: Langerhans cells (LC) and inflammatory den-
dritic epidermal cells (IDEC).62-¢* Classical epidermal
LC are characterized by their tennis racket shaped cyto-
plasmic Birbeck granules and their CD1la+, Langerin
(CD207)+% phenotype. In contrast, IDEC lack the typi-
cal Birbeck granules but express the mannose receptor
(CD206), which mediates the uptake of bacterial com-
ponents by endocytotic processes.®%:¢¢72 A hallmark of
both epidermal LC and IDEC in the skin lesions of AD
patients is the elevated expression of the high affinity
receptor for IgE (FceRI) and their putative role in antigen
focusing.”?

Indeed the receptor is not constitutively expressed on
DC but seems to be regulated by signals of the inflam-
matory surrounding micromilieu such as local IgE, a
reducing microenvironment or TGF-f levels. The high-
est expression of FceRI is displayed on LC and IDEC
from lesional skin of AD and correlated positively
with the IgE serum level. Recent concepts support the
hypothesis that IDEC, which are assumed to be of a
rather monocytic origin, are recruited in the acute phase
of AD into the epidermis by signals mediated from cells
of the inflammatory micromilieu. Interestingly, after
successful topical treatment of the AD lesions, the num-
ber of IDEC in the epidermis decreases below the detect-
ing level, indicating that this cell type is strongly related
to the state of inflammation of the skin.

FceRI-bearing DC play a crucial role in the patho-
physiology of AD, since they may represent the missing
link between aeroallergens penetrating the epidermis
due to the reduced skin barrier and antigen-specific
cells infiltrating the skin lesions. This concept is
strongly supported by the observation that the presence
of FceRI-expressing, LC-bearing IgE molecules is a pre-
requisite for producing eczematous skin lesions by the
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Figure 3.3  Allergens invading the epidermis due to the reduced skin barrier in AD patients are taken up
by FceRI-bearing dendritic cells such as Langerhans cells (LC), processed and presented to allergen-specific
T cells. This leads to an increased proliferation of allergen-specific T cells of the Th2 type. In addition,
keratinocytes (KC) release proinflammatory cytokines which contribute to the inflammation of the skin.
Inflammatory dendritic epidermal cells (IDEC), which are recruited from monocytes of the peripheral
blood (Mo) and eosinophils (Eo) might release IL-12 and promote the switch into an immune response

of the Th1 type in which IFN-y producing T cells predominate.

application of aeroallergens to the skin of AD patients
in the atopy patch test.

Multimeric ligands, which have been shown to be taken
up by FceRI-mediated endocytosis are channelled into
MHC class IT compartments and peptide loading of newly
synthesized MHC class II molecules leads to an optimal
antigen presentation to CD4+ T cells. DC expressing high
receptor densities will display full activation upon FceRI
receptor ligation, most probably inducing the synthesis
and release of mediators, which might help to enhance the
subsequent antigen presentation (Figure 3.3).

It is possible, that FceRI-expressing DC armed with
specific IgE can boost the secondary immune response
and further trigger the IgE synthesis by recruiting and
activating more antigen-specific Th2 cells or IDEC
from the peripheral blood into the skin. DC are the
most potent stimulators of naive T cells, i.e. they are com-
mitted to initiate primary immune responses. It cannot
be excluded that even complex allergenic structures
efficiently captured via FceRI on DC are processed by
these cells in a way leading to the unmasking and pres-
entation of cryptic peptides/epitopes, the T cell never
met before. This would initiate a primary reaction against
these unhidden antigens, thereby helping to increase
the variety of the IgE specificities. Antigen uptake and
aggregation of FceRI on DC could lead to the de novo

synthesis and release of mediators capable of directing
T cells toward a defined phenotype and function of
Th1 or Th2 cells.
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INTRODUCTION

Atopic dermatitis (AD) is a chronic inflammatory skin
disease associated with cutaneous hyper-reactivity to
environmental triggers that are innocuous to normal,
non-atopic individuals.! Major contributors to this
hyperactivity are the many changes in the cutaneous
and systemic immune responses in individuals with
AD.? One example is the production of raised levels of
total serum immunoglobulin IgE and specific IgE to
common allergens.> However, the link between AD
and allergen-specific IgE remains hotly debated.* A
recent systematic review revealed that the association
with raised IgE was much lower in children with mild
to moderate AD than in children with severe disease.?
It has been postulated that the non-allergic, intrinsic
dermatitis could be a pure, transitional form of AD.’
This raises the question: is there a genetic and environ-
mental basis for primary intrinsic, non-allergic der-
matitis? A logical place to look is the skin barrier, given
its role in protecting against environmental stimuli.

Another area of AD research that points us to the
skin barrier and the influence of the environment is the
rising prevalence of AD and concomitant rise in expo-
sure to environmental agents. The prevalence of AD
has been rising progressively in developed countries
since the 1940s.1> How can the prevalence of AD
have increased so dramatically if it is only determined
genetically? This rise in prevalence suggests that envi-
ronmental factors must be crucial in the expression of
the disease.’

AD is a multifactorial, heterogenous genetic disease
arising as a result of the interaction of many genes with
environmental factors. The most likely model for the
development of AD is a gene dosage and environmen-
tal dosage effect. For example, if an individual has a

mutation in 5 major genes for AD, then the environ-
mental factors required to develop the disease may be
minimal. If the mutations are only present in 2 of the
genes, then a much greater environmental exposure
may be required to develop the disease.!3

Several environmental factors have been associated
with AD, including washing with soap and detergents,
washing with hard water, and exposure to house dust
mites.!422 However, there are few formal longitudinal
studies that indicate how the home environment has
changed over the past 50 years. We have reviewed data
regarding exposure to soap and detergents, frequency
of washing, and exposure to house dust mites.?> An
example of these changes is the increased use of soap
and detergent personal wash products between 1981
and 2001 in the United Kingdom, where the sales rose
(inflation adjusted) from £76 million to £453 million,
while the population only rose from 56.3 million to
59.1 million.?* The frequency of personal washing has
also changed over the past 40 years. In 1961 the aver-
age use of water for personal washing was 11 litres per
person per day, rising to 51 litres per person per day in
1997/98.%3 In the United Kingdom, there have also
been changes in the heating, ventilation, insulation,
and floor coverings of houses over the past 40 years,
which have created an increasingly optimal environ-
ment for the house dust mite.?3 All these environmental
agents damage the skin barrier directly, and, coupled
with the increasing prevalence of AD, also suggest that
breakdown of the skin barrier may be a very important
event in the development of the disease.

From an immunological perspective it has been suggested
that barrier breakdown in AD is a secondary consequence
of the inflammatory response to irritants and allergens, the
‘inside-outside hypothesis’.>* Alternatively, it has been
hypothesized that the xerosis,> the permeability barrier
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abnormality,2%?” or both, could drive the activity of
AD, the ‘outside-inside hypothesis’.2’28 Which is the
correct hypothesis? Barrier function appears to fluctu-
ate in relation to disease activity, suggesting that
changes in barrier function may drive disease activity.?$
In addition, barrier damage induced, for example, by
surfactants (sodium lauryl sulphate) or skin stripping
causes the release and production of cytokines such as
interleukin (IL)-1c, IL-B, tumor necrosis factor (TNF)-o
and granulocyte-macrophage colony-stimulating fac-
tor,23% indicating that barrier disruption alone leads
to cytokine production, inflammation, and a flare of
dermatitis.?” AD has a very wide spectrum of disease
severity. At the mild end, the dermatitis is usually
intrinsic, with no elevation of specific or non-specific
IgE, and this immunological state may be maintained
for the duration of the disease. This can usually be con-
trolled for most of the time with a complete emollient
regimen and intermittent use of calcineurin inhibitors
and mild to moderate topical corticosteroids.>!32 At
the other end of the disease severity spectrum, in very
severe AD, the total IgE level may be >10 000 units and
multiple specific IgEs are above the top of the scale.
This very severe dermatitis may only be controlled with
systemic agents such as cyclosporin and mycopheno-
late.?3 Are mild AD and very severe AD the same dis-
ease? Are the contributions of the ‘inside-outside’ and
‘outside-inside’ hypothesis mechanisms different in AD
of different severities?

If a disturbance in epidermal barrier function repre-
sents one of the primary events in the development of
AD, the genes that regulate barrier function are a log-
ical place to look for changes/variants that predispose
to the disease. This is not a new idea: in 1999 Alain
Taieb proposed that a genetic predisposition to a
defective skin barrier was a primary event in the
development of AD allowing allergen penetration and
enhanced T,,2 responses.>* Three groups®~3% have
identified variants/changes in genes regulating the
integrity of the epidermal barrier and have shown that
they are strongly associated or linked with AD. The
likely functional consequence of these genetic changes
is a premature breakdown of the skin barrier, result-
ing in a thin skin barrier. A thin, defective epidermal
barrier could enhance the penetration of irritants and
allergens into and through the skin barrier. This could
activate the immune response by facilitating interac-
tion between antigens and the immune effector cells
present in the skin (Figure 4.1).2 Increased penetra-
tion of allergens through the epidermis could also
promote the initiation of an inflammatory response
within the stratum corneum/stratum granulosum by
inducing the release of pro-inflammatory cytokines
from keratinocytes.2”

Intra-individual variations in epidermal
barrier structure and function

Although AD can affect any area of the body, it prefer-
entially affects the flexures and the face. In babies aged
less than 6 months, the face and scalp are the most
common sites affected.?® In older children, the most
common sites affected are the antecubital and popliteal
fossae.*%#! In addition to the classical patterns of AD,
there are several site-specific variants.*? Eyelid eczema
is common in adolescents, affecting up to 21% of these
individuals,* and has been associated with hay fever
and exposure to other aeroallergens such as house dust
mites.*> The infra-auricular and retro-auricular sites
are particularly prone to fissuring, probably as a reac-
tion to repeated minor trauma.*0:4445

Many factors could explain the areas of predisposi-
tion to AD, including the thickness of the stratum
corneum and the variation in exposure to irritants and
allergens at different body sites. Hanifin*® commented
that the stratum corneum over the eyelids is extremely
thin and that these areas are vulnerable to the irritants
and allergens entering in contact with the periorbital
areas because these zones are rubbed and scratched
unconsciously. Only three studies*”*° have evaluated
epidermal thickness in multiple body sites and have
shown that it is thinnest in the eyelid*” and genitals.*’
The next thinnest sites are the flexor forearm and pos-
terior auricular areas*” (Figure 4.2). Interestingly, these
are two of the areas of predisposition to AD indicated
above. The thickness of the epidermis in the antecubital
fossae was not recorded.

The epidermal barrier to the penetration of
exogenous substances, such as irritants, allergens, and
drugs, is located in the deeper part of the stratum
corneum.’%! It is, therefore, expected that the percuta-
neous penetration of exogenous substances varies in
different body areas according to differences in the
thickness of the stratum corneum. The most detailed
studies on the regional variation of the percutaneous
penetration of an exogenous substance have been made
using topical corticosteroids. In some studies, where
the percutaneous penetration of corticosteroids was
measured in vitro using cadaver skin from different
body sites,>? the greatest percutaneous penetration was
observed for scrotal and posterior auricular skin and
the lowest for plantar skin. The definitive study on in
vivo regional variation in percutaneous penetration of
topical corticosteroids was performed in human male
volunteers with normal skin.’3 Feldman et al applied
Hcarbon-labelled hydrocortisone to different body
areas and measured the penetration of hydrocorti-
sone by recording'# carbon activity in the urine over
the subsequent 5 days. They observed the greatest
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Figure 4.1 There is a defective skin barrier in the stratum corneum in individuals with AD. This arises due to
changes in several protease, protease inhibitor and filaggrin genes. The result of these changes is to increase the
protease activity within the stratum corneum, which leads to the premature breakdown of the skin barrier.
Proteases are also produced by environmental agents such as house dust mites and Staphylococcus aureus, and
these further damage the skin barrier. The damaged skin barrier then permits the penetration of allergens, which
can then induce Ty;1 to T};2 switching. The defective skin barrier is therefore the initial event in the development

of AD.

percutaneous penetration of hydrocortisone in the
skin of the face, eyelid, and scrotum, and the lowest
penetration in plantar skin. There was a 300-fold
greater penetration of hydrocortisone through the eye-
lid compared to plantar skin. These differences cannot
be explained by differences in blood flow.55

The percutaneous penetration of topically applied
drugs in different body areas shows the same pattern
of variation as the thickness of the stratum corneum,

with the highest penetration through the thinnest
stratum corneum.*® Although regional differences in
the percutaneous penetration of irritants and allergens
have not been investigated, it seems reasonable to spec-
ulate that the pattern might be similar to that observed
for the penetration of a topically applied drug, such as
hydrocortisone.

Regional variations in epidermal thickness and drug
penetration*”3 indicate that the eyelids, posterior
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Figure 4.2  The thickness of the epidermis in skin
samples from different body sites (Lee & Huang,
2002%). The epidermis is thinnest in skin from the
plantar aspect of the foot.

auricular areas, other parts of the face, and flexures
have a thin epidermal barrier with decreased barrier
function (Figure 4.2). These skin sites can be visualized
as having ‘low epidermal barrier reserve’, that is, they
are more vulnerable to any exogenous agent that could
further decrease the thickness and functional integrity
of the epidermal barrier.

Although AD can involve any body site, the eyelids,
posterior auricular areas, and flexures are the earliest
sites of involvement in infants, the sites where the dis-
ease persists longer3” and with ‘low epidermal barrier
reserve’. It is probable that these body sites are the most
vulnerable to penetration of irritants and allergens*
and, therefore, represent the first and most persistent
sites of disease involvement.

INTER-INDIVIDUAL VARIATION IN
SKIN BARRIER FUNCTION

Although there are intra-individual variations in skin
barrier thickness and function, which correlate with the
earliest and most persistent sites of AD, not all children
develop the disease. In addition to intra-individual vari-
ations in epidermal barrier function, there are also
inter-individual variations.*® The variability between
different measurements at the same site and for the
same individual has been estimated to be 8% by site
and 21% by day-to-day. The variation between indi-
viduals is larger, ranging from 35 to 48%.°7-% On the
basis of the trans-epidermal water loss (TEWL) meas-
urements, there appears to be a 20-40% difference in
the skin barrier function at a given regional site
between individuals.’” There is also a wide range for
the percutaneous absorption of topically applied drugs,

which may vary by up to 30—-fold between individuals
on the forearm.’® Between—subject differences in the
absorption of drugs in different body sites are not com-
pletely explainable by variations in the thickness of the
stratum corneum and corneocyte size. In certain indi-
viduals, a defect in epidermal barrier function may only
become apparent when the skin is stressed. An example
is the skin of aged people in which baseline TEWL
measurements are similar to younger adults. However,
if the barrier is damaged, recovery to normal is much
slower than in a younger adult.®® It has been suggested
that this decreased ability to repair the epidermal bar-
rier after an environmental insult may not only explain
inter-individual variation in barrier function but also
the increased susceptibility of some individuals to irri-
tant contact dermatitis.®! The inter-individual variation
in skin permeability to drugs in the ‘normal population’
suggests that there could be genetic variants associated
with increased barrier permeability to drugs in some
individuals. The ‘normal population’, from which adult
‘normal’ skin samples are obtained, may include indi-
viduals who had AD as a child or those who may have
suffered previously from irritant contact dermatitis or
sensitive skin but are apparently ‘normal’ at the time of
testing. These individuals could be those who show
increased skin permeability to topically applied drugs.
In support of this hypothesis there are data indicating
that epidermal barrier function in non-lesional skin
from patients with AD is different from that of subjects
who never suffered from this disease.®%* In one
study,®? the average thickness of the stratum corneum
was 12.2 um in non-lesional skin from individuals with
AD and 19.7 um in controls who had not had AD. In
other studies,®>¢* TEWL measurements were also
much higher in non-lesional skin from individuals with
AD than in the skin of those with no history of AD.

HOW ATOPIC IS ATOPIC DERMATITIS?

Two types of AD have been defined.®5-¢¢ The extrinsic
form of the disease is associated with increased levels of
total serum IgE and increased levels of specific IgE to
environmental allergens,® while the intrinsic form is
associated with total serum IgE within the age-adjusted
normal range and no elevation of specific IgEs to envi-
ronmental allergens.®® The link between AD and aller-
gen-specific IgE remains, however, uncertain and
controversial.>*¢70 A recent systematic review> asked
the question, ‘how atopic is AD?’. This is the first work
that compared results of population-based studies with
those of hospital-based studies. The comparison is
important because hospital-based studies include a large
proportion of patients with severe dermatitis while the
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majority of patients included in population-based studies
have mild or moderate disease. It was found that in hos-
pital-based studies the percentage of children with
extrinsic, ‘atopic’ dermatitis ranged between 47 and
75%. In contrast, in population-based studies the per-
centage of children with extrinsic, ‘atopic’ dermatitis
ranged from 7.4 to 78%.3 Up to 66% of patients with
dermatitis did not have measurable allergen-specific IgE
in the serum at the time of measurement. The same work
also showed that high levels of specific IgE antibodies
and/or total serum IgE levels were significantly associ-
ated with the severity of dermatitis.

A major gap in the literature is the absence of longitu-
dinal studies on IgE measurements.> These studies could
help determine if, in some subjects, elevation of total
serum IgE and allergen-specific IgE occurs transiently
and may remain undetected when measurements are
performed only on one occasion. In a study where chil-
dren with AD were followed during the development of
respiratory allergic disease,”! subjects who were initially
negative to the skin prick test became positive over the
next 10 years. It has been postulated that non-allergic,
intrinsic dermatitis might be considered as the pure, pri-
mary, transitional form of AD.”%72 Could the genetic
basis of the pure, primary, intrinsic, transitional form of
AD?7? be represented by genetic variants that predispose
to a defective epidermal barrier?

THE SKIN BARRIER

The epithelium serves as a first line of defence between
the body and the environment (Figure 4.3). Disturbance
of the epidermal barrier can favour the penetration of
microbes and allergens. Enhanced penetration of agents
with antigenic properties increases the risk of sensitiza-
tion because it allows interaction between allergens and
allergen-presenting cells in the skin, and triggers the
onset of inflammation once sensitization has occurred
(Figure 4.1). Increased penetration of irritants through
the skin facilitates the occurrence of non-allergic inflam-
matory reactions. The skin barrier is, therefore, an
important shield against environmental injury.

The barrier to the penetration of irritants and allergens is
located in the lower part of the stratum corneum (Figures
4.3,4.4). The structural integrity of the stratum corneum is
maintained by the presence of modified desmosomes,
called corneodesmosomes. Corneodesmosomes lock the
corneocytes together and provide tensile strength for the
stratum corneum to resist shearing forces (Figures 4.3, 4.4).
Elias”? visualized the stratum corneum as being similar to a
brick wall, with the corneocytes analogous to bricks and
the lipid lamellae acting as cement. Extending this model,
the corneodesmosomes may be thought of as analogous to

Allergens o

Cell Cell

CYSTATIN A
High levels of
protease inhibitors

SCCE: Low levels of proteases

Figure 4.3 In normal skin, there are low levels of
proteases such as stratum corneum chymotryptic
enzyme (SCCE) and high levels of protease inhibitors
such as cystatin A and LEKTL. This results in
breakdown of the corneodesmosomes (yellow oval)
only in the uppermost layers of the stratum corneum.
Thereby, the thickness of the stratum corneum is
maintained at a constant. This provides a resilient skin
barrier that prevents the penetration of allergens
through the stratum corneum.

iron rods that pass down though holes in the bricks to give
the wall its tensile strength.”

Corneocytes are flattened cells that represent the
final differentiation stages of the outermost keratinocytes
of the granular layer, when these cells lose their sub-
cellular organelles and nuclei and become densely
packed with keratin fibres.”> In humans, the stratum
corneum has an average of 20 corneocyte layers, each
corneocyte being approximately 30 um in diameter.”®
The thickness of the stratum corneum can vary in dif-
ferent body regions to increase the level of protection to
areas that experience greater friction, such as the soles
of the feet, and palms of the hands.*® During the forma-
tion of corneocytes, the granular cells spill out their
lamellar granule contents into the extracellular space to
form the lipid lamellae matrix, which encases the cor-
neocytes like cement.”” The lipid lamellae help prevent
internal water loss and penetration of water-soluble
materials (Figure 4.4). They also give flexibility to the
barrier and ensure that it is as tight as possible. The
lipid lamellae matrix is a crystalline substance com-
posed of ceramides, cholesterol, fatty acids, and choles-
terol esters,’8 and is believed to exist as a single and
coherent lamellar gel.”?

Disturbed maturation of the lamellar bodies has been
demonstrated in atopic skin,”® consisting of a decreased
release of the acid, lipid, and enzyme constituents of the
stratum corneum, leading to a defective barrier function.
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Intact
lipid lamellae
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High levels of
protease inhibitors:
e.g. CYSTATIN A Filaggrin
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Low levels of
proteases: e.g. SCCE Pro-filaggrin

Figure 4.4 The integrity of the skin barrier involves several components, including the regulation of proteolysis
of corneodesmosomes (see Figure 4.3), the lipid lamellae, and generation of natural moisturising factor (NMF).
The lipid lamellae provide a water resistant layer around the corneocytes, which helps prevent water loss from
the corneocytes. NMF is generated from the breakdown products of the structural protein: filaggrin. NMF
attracts water and retains it within the corneocytes causing them to swell. The swollen corneocytes prevent
gaps/cracks from developing between them and therefore help to make the stratum corneum resistant to the

penetration of allergens.

A disturbance in the extruding mechanism of lamellar
lipids, resulting in decreased lipid contents of the stratum
corneum, has also been described in eczematous skin.!8
Other reported alterations in AD have included a consid-
erable deficiency in the main barrier lipid components®
and an increase in sphingomyelin deacylase activity,
resulting in decreased ceramide production.®!

Corneodesmosomes are specialised desmosomes,
which bind the corneocytes together in the stratum
corneum®? and are incorporated into the corneocyte
envelope. They consist of the cadherin family of extra-
cellular transmembrane glycoproteins, desmoglein and
desmocollin (reviewed by Rawlings).”® Within the
corneocytes, desmoglein and desmocollin are linked
to keratin filaments via corneodesmosomal plaque
proteins, including plakoglobin, desmoplakin, and
plakophillin. Desmoglein and desmocollin pass from
the corneocyte envelope into the lipid lamellae between
the corneocytes and bind to the same proteins on adja-
cent cells.®3 Corneodesmosin is a 52kDa protein specif-
ically expressed in keratinizing epithelia.8?:84:85 Following
secretion into the extracellular space, corneodesmosin is
translocated to the transition zone between the stratum
granulosum and the stratum corneum®® and incorporated
into the desmosomes. This marks the transition from
desmosome to corneodesmosome.

Desquamation is the process by which the epidermal
barrier is maintained at a constant thickness. The cor-
neocytes that are shed from the skin surface are contin-
ually replaced from underneath by keratinocytes
undergoing terminal differentiation. Thus, there is a
fine balance between basal cell proliferation and cor-
neocyte desquamation involved in maintaining an
epithelium of constant thickness.®” Desquamation also
treads a fine balance between breaking the barrier
down enough to allow a continual renewal of epider-
mal cells, and leaving it intact enough to prevent aller-
gens and irritants from penetrating through to the
deeper layers of the skin. The current model of the
processes involved in desquamation has been provided
by Caubet et al.8% The model describes a network of
degradatory proteases, regulated by protease inhibitors,
which breaks down the extracellular corneodesmoso-
mal adhesion proteins that bind the corneocytes
together, and in doing so allows the corneocytes to
shed from the skin surface (Figures 4.3, 4.4). A cocktail
of serine, cysteine, and aspartic proteases are secreted
into the extracellular spaces of the stratum corneum
during desquamation to facilitate the breakdown of the
corneodesmosomes.???1 According to the model of
desquamation proposed by Caubet et al,®® inactive pro-
tease precursors are activated by tryptic cleavage, and



EPIDERMAL BARRIER DYSFUNCTION IN ATOPIC DERMATITIS 41

regulated by a complementary cocktail of protease
inhibitors. Cleavage of the extracellular corneodesmo-
somal proteins by the proteases leads to a weakening of
the bonds between the corneocytes and a reduction in
corneocyte cohesion.

Among the proteases involved in the process of
desquamation are the stratum corneum chymotryptic
enzyme (SCCE) and the stratum corneum tryptic
enzyme (SCTE) 879295 (Figures 4.3, 4.4). These are ser-
ine proteases that are expressed in granular ker-
atinocytes and present within the extracellular spaces
of the stratum corneum.”>>*¢ SCCE has been shown to
hydrolyze corneodesmosin and desmocollin 1, whilst
SCTE is also capable of cleaving desmoglein1.8% Both
SCCE and SCTE are produced as inactive precursors.
Removal of pro-peptides by trypsin digestion leads to
the formation of the proteolytically active enzymes.®>%4
Studies have shown that SCTE is capable of activating
SCCE,®® in addition to itself,87*4%5 suggesting that
SCTE may serve as a regulator of SCCE activity. Other
enzymes capable of degrading corneodesmosomal
adhesion proteins include the cysteine proteases
cathepsin L2/stratum corneum thiol protease and stra-
tum corneum L-like enzyme; 17 the aspartic protease
cathepsin D;%% and several glycosidases.”®

The activities of the proteases involved in desquama-
tion are regulated by several protease inhibitors co-
expressed to balance the rate of corneodesmosome
cleavage. SCCE activity is inhibited by the serine leuko-
protease inhibitor (SLPI),” which can itself be inacti-
vated by members of the cathepsin family.!?® SCCE
is also inhibited by elafin, also known as skin-derived
antileukoprotease (SKALP), which has been shown to
covalently bind to corneocytes.'?! Lymphoepithelial
Kazal-type 5 serine protease inhibitor (LEKTI),
encoded by the SPINKS gene, may also have anti-
SCCE activity. It is expressed in similar areas to SCCE
and has been linked to Netherton syndrome,'%? a skin
condition involving severe barrier dysfunction. Human
epidermis also expresses the cystatin protease
inhibitors oo and M/E, which are specific for cysteine
proteases (Figures 4.3, 4.4).103

GENETIC REGULATION OF SKIN BARRIER
FUNCTION

There is an increasing body of evidence that a geneti-
cally determined primary defect in the skin barrier may
be central to the development of AD. It has been
demonstrated that transgenic mice over-expressing
human SCCE develop changes in their skin similar to
those seen in chronic AD.*? Over-expression of SCCE
in those mice might have led to a premature breakdown

of the corneodesmosomes, with increasing corneocyte
desquamation and thinning of the skin barrier. The
resulting impairment of skin barrier function may have
favoured the penetration of irritants and allergens and
consequent development of dermatitis (Table 4.1).

In order to evaluate the possibility that genetic varia-
tions within the SCCE gene are indeed associated with
dysregulation of SCCE activity in humans, leading to a
thin skin barrier, the SCCE gene was screened for varia-
tions, and an associations study was performed in
children with AD and in normal controls.3¢ A 4 base-pair
insertion was identified in the 3’-untranslated region of
the kallikrein 7 gene, encoding SCCE (Figure 4.5). The
common allele was AACC and the rare allele was AAC-
CAACC. A significant genetic association was found
between the rare AACCAACC variant of the SCCE
gene and AD. The patients with AD were then stratified
into those who did not have high levels of serum IgE
(intrinsic AD) and those who did (extrinsic AD). The
highest association between the rare variant of the
SCCE gene and AD was observed in the subgroup of
patients who did not have elevated IgE levels (odds
ratio: 4.47; 95% confidence interval: 1.49-13.38; P =
0.0039). The association was not significant in the sub-
group of patients with high levels of serum IgE.

It is known that determinants of mRNA stability are
frequently positioned in the 3’-untranslated region of
the genes and that any mutation in this region can alter
expression levels of the encoded protein.!%4-10¢ Thus,
the AACC insertion could increase the half life of SCCE
mRNA, leading to an increased production of the
enzyme in the skin of individuals with intrinsic AD.
The over-expression of SCCE would cause a premature
lysis of the corneodesmosomal proteins. The conse-
quent enhancement in corneocyte desquamation would
produce a thin defective epidermal barrier that would
allow penetration of irritants, thereby favouring the
development of an inflammatory response (Figure 4.5).

Genetic mutations have also been identified in genes
encoding members of the protease inhibitors involved in
desquamation. Mutations in the SPINKS gene, which
encodes LEKTI, have been linked to Netherton syn-
drome.3%102:107.108 [ndividuals with this disorder display
marked barrier dysfunction, involving altered desqua-
mation and impaired keratinization.'”” Ultrastructural
analyses of skin from patients with Netherton syndrome
show that there is a marked increase in corneodesmo-
some cleavage and a reduction in inter-corneocyte cohe-
sion.!%? Transgenic studies using SPINKS (—/~) mice
have demonstrated that LEKTI deficiency results in
abnormal desmosome cleavage in the upper granular
layer of the epidermis, which is caused by increased
SCCE and SCTE activity.!10 Increased protease activity
in the skin of SPINKS (—/-) mice leads to increased
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Allergens

Cell Cell

CYSTATIN A
High levels of
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SCCE: High levels of proteases

Figure 4.5 In children with AD, who have the
AACC3’UTR repeat variant in their KLK7 (SCCE)
gene, increased levels of proteases are produced,3®
which results in excessive breakdown of the
corneodesmosomes (yellow ovals) and causes a
defective skin barrier. This then allows the penetration
of allergens that can trigger a flare of AD. This occurs
in the presence of normal levels of protease inhibitors
such as cystatin A and LEKTIL.

1110 111

breakdown of desmoglein and corneodesmosin,
which is consistent with the premature cleavage of cor-
neodesmosomes observed in the skin of patients with
Netherton syndrome. Several studies have also linked
mutations in the SPINKS gene with AD.3%112.113

Cystatins are cysteine protease inhibitors expressed
within the epidermis. Several studies have shown that
the cystatins might afford protection from proteolysis
by bacterial and viral proteases.!'* Transgenic mice
carrying a null mutation in the gene encoding cystatin
M/E display severe barrier abnormalities and die
shortly after birth.'93 Mice lacking cystatin M/E have
abnormalities in cornification and desquamation with
hyperkeratosis'®3 (Table 4.1).

Cystatin A is a protease inhibitor that is expressed
in the stratum corneum and stratum granulosum.
Decreased expression of cystatin A has been found in the
skin of patients with AD. 'S The cystatin A gene maps to
chromosome 3q21, which has been identified as a major
susceptibility locus for AD. 116 Normally there are high
levels of the cystatin A protease inhibitor within the stra-
tum corneum, which, with other protease inhibitors such
as LEKTI, inhibit the activity of endogenous proteases
produced within the skin (Figures 4.3, 4.4). Cystatin A is
also secreted in sweat and forms a layer over the surface
of the skin that protects the skin from exogenous pro-
teases such as those produced by house dust mites and
Staphylococcus aureus'!” (Figure 4.6).

We have identified a +344c variant in the Cystatin A
gene and found a significant association with AD.38
This variant results in decreased mRNA stability and
therefore decreased levels of the cystatin A protease
inhibitor, both within the skin and in the sweat3$
(Figures 4.7, 4.8, 4.9). The decreased levels of cystatin
A in sweat are not able to inhibit the activity of exoge-
nous proteases, such as those from house dust mites
(Figure 4.8). This results in increased deterioration of
the corneodesmosomes, breaking down of the stratum
corneum and allows the penetration of allergens
(Figure 4.9).38 The integrity of the epidermal barrier is
maintained by a balance between the levels of both
endogenous and exogenous proteases and protease
inhibitors. Cystatin A is a potent inhibitor of the
endogenous cathepsins (B, H and L) within the epider-
mis, and exogenous (Der p1 and Der f1) proteases from
house dust mites. The Der p1 and Der f1 proteases can
also induce Ty;1/T};2 switching. 1811 The cystatin
A +344c variant may therefore represent an important
contribution to both the defective epidermal barrier
and T2 switching.?

Transgenic knockout mice studies have revealed
the importance of several adhesion proteins for the
assembly of functional desmosomes and maintenance
of a functional skin barrier (Table 4.1). Desmoglein
37~ mice develop traumatized skin that displays a
marked separation of desmosomes under electron
microscopy.'?? Mice lacking desmocollin 1 have been
shown to have flaky and fragile epidermis, with acan-
thyosis in the granular layer.!?! Desmoplakin is also
important in epidermal sheet formation'?? (Table 4.1).
Mice lacking desmoplakin have few desmosomes and a
marked reduction in barrier integrity.!?3 It could be
hypothesized that mutations within genes encoding
adhesion proteins, which alter the ability of these pro-
teins to preserve skin barrier integrity, might also play
a role in the development of AD.

Changes in both protease and protease inhibitor genes
could be combined in some patients to produce even
more severe breakdown of the skin barrier (Figure 4.10).

Filaggrin is a structural protein incorporated into the
cornified cell envelope. The majority of filaggrin does
not persist beyond the two deepest layers of stratum
corneum.'?4125 Filaggrin is extensively deaminated
through the actions of the enzyme peptidyl-deiminase.
It is subsequently degraded into small peptides and
then free amino acids. The free amino acids are then
catabolised into the constituents of natural moisturiz-
ing factor (NMF) such as pyrolidine carboxylic acid
and urolaic acid.'?

NMEF is essential for the retention of water within cor-
neocytes, and results in their optimal hydration and
swelling. This prevents the development of gaps between
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Figure 4.6

In normal skin, the protease inhibitor, cystatin A, is secreted in sweat and flows out onto the surface

of the stratum corneum forming a protective layer. Exogenous proteases from, for example, house dust mites
(Der p1) are inhibited by the protective layer of the cystatin A protease inhibitor and, as a result, cannot break
down the corneodesmosomes. The protective layer of protease inhibitor on the surface of normal skin provides

another mechanism to maintain a resilient skin barrier.

Allergens

Cell Cell

CYSTATIN A
Low levels of
protease inhibitors

SCCE: Low levels of proteases

Figure 4.7 In children with AD who have the +344
cystatin A variant,3¢ the messenger RNA for cystatin
A is less stable, consequently there is less cystatin A
protein within the stratum corneum. This change
means that even with a normal quantity of proteases
within the stratum corneum, its activity is increased
and produces excessive breakdown of the
corneodesmosomes. This allows the penetration of
allergens that can then trigger flares of AD.

the corneocytes, enhancing the integrity of the stratum
corneum and making it resistant to the penetration of
irritants and allergens (Figure 4.4).

There are decreased levels of both filaggrin and NMF
in the skin of patients with AD.'1%125 Loss of function

variants in the filaggrin gene have been shown to be
linked with AD.3” This provides an explanation for
both the decreased levels of filaggrin and NMF within
the stratum corneum of patients with AD. This may, in
turn, lead to a decreased ability of the corneocytes to
retain water, resulting in their shrinkage. As corneocytes
shrink, this results in gaps developing between them, cre-
ating a defective epidermal barrier, which is then vulner-
able to the penetration of irritants and allergens.

The different genetic variants that contribute to a
defective epidermal barrier are illustrated in Figure 4.11.
These include increased levels of proteases such as
SCCE,?¢ and decreased levels of protease inhibitors such
as LEKTI'0 and cystatin A.3% Loss of function variants
in the filaggrin gene may result in decreased generation
of NMF and a decreased ability of the corneocytes to
hold water. These genetic variants may occur on their
own but could also be combined to produce more severe
breakdown of the epidermal barrier.

SECONDARY PROTEASES

When endogenous proteases, such as SCCE, are pro-
duced in excessive quantities, the corneocytes desqua-
mate prematurely, producing a thin skin barrier. This
then facilitates the penetration of irritants and aller-
gens, which can trigger a flare of the AD. Cells within
the inflammatory infiltrate can produce proteases that
further damage the skin barrier. These proteases can be
considered as a product of the inflammatory response
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@ CYSTATIN A: Reduced levels in sweat

In a child with AD who has the +344 cystatin A variant,33 there is less cystatin A protease inhibitor

secreted in the sweat. Therefore, the layer of cystatin A protease inhibitor over the surface of the skin can be
visualised as incomplete and is insufficient to provide protection against exogenous proteases such as Der p1.
The exogenous proteases can, therefore, break down the corneodesmosomes, leading to a defective skin barrier.

Allergens
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CYSTATIN A: Reduced levels in sweat
and low levels of protease inhibitors

Figure 4.9

In a child with AD, with the +344 cystatin A variant,3® the incomplete protective layer of protease

inhibitor on the surface of the skin allows exogenous proteases (i.e. Der p1) to break down the
corneodesmosomes. This results in a reduced integrity of the stratum corneum barrier and allergens can penetrate

through to trigger a flare of AD. The proteases from house dust mites (Der p1, Der 1) not only break down the
skin barrier, but can also act as allergens themselves, triggering a flare of AD.

(secondary proteases), and their levels will be propor-
tional to the severity of a flare of AD. Mast cell chy-
mase (MCC) is a chymotrypsin-like serine protease
primarily stored in secretory mast cell granules. In one
study,!?¢ the number of MCC—positive cells was signif-
icantly increased in the lesional skin of patients with
AD, in comparison with non-lesional skin. However,

there was no significant difference in the number of
MCC-positive cells between the non-lesional skin of
patients with AD and the skin of normal controls, sug-
gesting that increased MCC activity may be associated
with active dermatitis. In another study in mice,'?”
injection of MCC into the normal skin induced an
inflammatory response similar to that observed in AD.
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Figure 4.10  Genetic variants that determine a
defective skin barrier can occur in isolation, as
illustrated for the protease KLK7 (SCCE) in
Figure 4.5 and for the protease inhibitor,
cystatin A, in Figures 4.7 & 4.8.

It is also possible that genetic variants could be
combined in some individuals with AD: for example,
a change in the protease gene, KLK7 & (SCCE),3¢
might be combined with a change in the protease
inhibitor gene, cystatin A.3® This would result in both
an increased level of proteases (SCCE), and decreased
levels of protease inhibitor (cystatin A), resulting in a
more severe breakdown of the skin barrier than if the
individual changes were present on their own.

There is also evidence that MCC may participate in the
development of chronic dermatitis by inducing
eosinophil infiltration.!?® Variants within the MCC
gene have been associated with AD in children.'?® The
association was strongest in individuals with low levels
of total serum IgE.!?° Instead, in adults with AD, a
polymorphism in the promoter region of the MCC gene
has been associated with high levels of total serum
IgE.130

EXOGENOUS PROTEASES

House dust mites are a source of over 30 different pro-
teins that can induce IgE-mediated responses.'3! Some
of these proteins are cysteine and serine proteases.!3?
Some of these proteins have been shown to cleave adhe-
sion proteins and to increase the permeability of lung
epithelium.!33 Patch tests have demonstrated that two
proteins with proteolytic activity derived from house
dust mites, Der p1 and Der p2, can elicit irritative or
immune reactions that are not linked to raised levels
of IgE against house dust mites, suggesting that these
proteins cause skin irritation or immune activation
through a direct proteolytic activity.!3*

As reviewed by Storck,'3’ Staphylococcus aureus has
been implicated as an environmental factor in the pathogen-
esis of AD since the nineteenth century. Staphylococcus

Defective
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Figure 4.11 The changes in protease and protease inhibitor genes may also be combined with changes in the
lipid lamellae and NMF levels. Changes in the lipid lamellae may result from primary changes in genes that

regulate their synthesis and/or be secondary to increased protease activity.

167

Changes in the filaggrin gene®” may result in decreased levels of NMF and a raising of the pH within the
stratum corneum. The decreased levels of NMF would result in a decreased ability to retain water within the
corneocytes. This would allow gaps/cracks to open between the corneocytes, further exacerbating the defective
skin barrier. A rise in the pH within the stratum corneum could result in enhanced protease activity!¢” further

contributing to a defective skin barrier in AD.
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aureus is not a member of the normal microflora colonizing
the skin, apart from carriage in the nasal and perineal areas.
In contrast, in the skin of patients with AD, up to 14 x 10°
organisms per cm? are present in eczematous lesions.!3¢
Staphylococcus aureus may play a role in the chronicity and
severity of AD through its release of superantigenic exotox-
ins.’3” In addition to their immunological effects, these tox-
ins may also directly damage the skin barrier. Staphylococci
produce proteinases that could break down corneodesmo-
somes by a mechanism similar to that described above for
SCCE. 138 In addition, Staphylococcus aureus secretes sphin-
gosine deacylase and glycerophospholipids that may inter-
fere with the formation of the lipid lamellae.’? Thus,
exogenous proteases and lipases produced by house dust
mites and Staphylococcus aureus may contribute to the
breakdown of the skin barrier in AD (Figure 4.1).

GENE-ENVIRONMENT INTERACTIONS:
pH AND DETERGENTS

The skin has long been known to have an acidic pH
(the acid mantle) that contributes to the optimal barrier
function of this tissue.'? The average surface pH of the
forearm of a healthy male is around 5.4 to 5.9.14! In
humans, the skin surface pH at birth is near—neutral
(pH 6.5) compared with children and adults.!#>-144 In
newborn rats, the stratum corneum reaches adult pH
levels during the first few days after birth,!4%146
whereas similar changes take a few weeks to occur in
human newborns. 144147

Although the acid mantle of the stratum corneum was
initially thought to originate from exogenous sources
(microbial metabolites, free fatty acids of pilo—sebaceous
origin, and eccrine gland-derived products, such as amino
and lactic acids),'*3-150 recent studies have demonstrated
that endogenous pathways (generation of by-products of
keratinization, synthesis of free fatty acids from phospho-
lipid hydrolysis by the secretory phospholipase A2, and
the non-energy-dependent sodium—proton exchanger) are
additional sources.!31-153 The acid mantle has multiple
effects on the skin. Firstly, it has a strong antimicrobial
effect,*155 decreases skin colonization by pathogenic
bacteria, 49154156 and favours the adhesion of non-
pathogenic bacteria to the stratum corneum.'” Secondly,
several lines of evidence indicate a role for skin surface pH
on desquamation, permeability barrier homeostasis, and
stratum corneum integrity/cohesion. A delay in epidermal
barrier recovery occurs when the skin is immersed in
neutral pH buffers.”® Moreover, epidermal barrier
abnormalities are noticed when the skin pH is increased
by blocking either the secretory phospholipase A2 or the
non-energy dependent sodium-proton exchanger, and
these abnormalities are corrected by co-exposure of
inhibitor-treated areas to an acidic buffer,!53:1%

Skin pH variations have been clearly documented in
some skin diseases. Anderson'®? found a total body pH
elevation in seborrheic dermatitis, AD, and xeroderma.
Others'®! demonstrated a significantly higher skin sur-
face pH in a group of school children with AD com-
pared to controls. In AD patients, skin pH was reported
to be 0.5 units higher than in control subjects.!¢?
Similar studies'®'163 documented that skin pH is higher
in AD patients than in healthy controls even on unin-
volved skin. Seidenari et al'®® also demonstrated that
skin pH values are higher in patients with active lesions
than in asymptomatic patients.

Many enzymes involved in skin barrier homeostasis
and restoration have been shown to be pH-dependent.!¢*
The skin protease SCCE exhibits a neutral pH opti-
mum.”® A change in pH from 7.5 to 5.5 reduces SCCE
activity by 50%.%%165 The thiol cystein protein (cathepsin
LZ) and the aspartate protease (cathepsin D) have an acid
pH optimum and probably mediate desquamation in the
upper layers of normal skin.$%?7-16¢ The SCCE/SCTE
proteases could initiate the degradation of corneodesmo-
somes in the lower layers of the stratum corneum in
normal skin and in all layers of the stratum corneum in
diseased skin, where the neutral pH (pH 7.0) predomi-
nates.'®® The importance of pH to the activity of
skin proteases was demonstrated in hairless mice treated
with ‘superbases’ that neutralize skin surface pH.'®” This
caused rapid activation of serine proteases, with conse-
quent degradation of corneodesmosomes. The resulting
decrease in skin barrier cohesion/integrity was detectable
with the skin stripping/TEWL assay.

Stratum corneum pH is also important for the
generation and degradation of the lipid lamellae. The
lipid-generating enzymes, B-glucocerebrosidase and
sphingomyelinase, also exhibit low acid pH opti-
mum,64168-170° Application of ‘superbases’ to hairless
mouse skin has been demonstrated to decrease gluco-
cerebrosidase activity, which has been shown to gener-
ate incompletely processed lipid lamellae membranes,
as assessed by electron microscopy.'¢” Raising the pH
of the stratum corneum surface can, therefore, cause
enhanced desquamation of corneocytes by increasing
the activity of serine proteases such as SCCE and also
by interfering with the normal lipid processing required
for the formation of the lipid lamellae.

In an individual with a genetic predisposition to
increased skin protease activity, for example due to the
rare AACCAACC variant of the SCCE gene,3° there
will be constantly high levels of SCCE protein in the
stratum corneum. If the pH of the skin is then raised
from the pH of normal skin (5.5) to 7.0 or higher, the
SCCE protease activity will be further increased, with
further enhancement of corneocyte desquamation and
thinning of the stratum corneum (Figure 4.12). The
most common environmental agents that can raise the
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Allergens @

CYSTATIN A
High levels of
protease inhibitors

High pH

SCCE: High levels of proteases

Figure 4.12  Soap and detergents are very important environmental triggers in AD. The use of soap and
detergents raises the pH of the skin from the normal of 5.5, up to 7.5, and sometimes higher, to 10.6%

Proteases, such as SCCE, are pH sensitive and they have enhanced activity at neutral pH.!'¢” Washing with
soap and detergents provides an important environmental trigger that directly interacts with changes in protease
genes (e.g. SCCE), leading to exacerbated skin barrier breakdown in AD.

pH of the skin surface are soap and other detergents.
Washing the skin with soap causes an increase of the
pH on the palms by 3 units for more than 90 min-
utes.!”! White et al®?> measured the thickness of the stra-
tum corneum in normal skin and in non-lesional
eczematous skin before and after washing with soap.
Prior to washing, the stratum corneum was thicker in
normal skin (19.7 um) than in non-lesional eczematous
skin (13.7 um). Washing with soap caused further thin-
ning of the stratum corneum in both the normal and
the non-lesional eczematous skin, which is consistent
with an increased activity of skin proteases such as
SCCE, resulting in premature breakdown of the cor-
neodesmosomes. The observed differences between
normal skin and non-lesional eczematous skin could be
explained by differences in the level of SCCE expres-
sion in the skin determined by genetic variants in the
SCCE gene.*® This is an excellent example of a
gene—environment interaction, producing the AD clini-
cal phenotype (Figure 4.12).172

Detergents are widely used in cleaning human skin.
They work by emulsifying the skin surface lipids (both
foreign and natural), which can then be washed off by
water. Surfactants can damage the skin, provoking
scaling, dryness, tightness and roughness, erythema
and swelling.'73-176 The use of soap and detergents is
one of the most common causes of irritant contact der-
matitis of the hands and can trigger flares of AD.!77

The detergent sodium lauryl sulphate is used as the
standard test of skin susceptibility to irritation. The neg-
ative effects of surfactants on skin barrier function are

demonstrated by an increased TEWL, which is more
severe in subjects with AD than in normal controls.!”®
Surfactants can solubilize lipids, and it has been postulated
that this could be the mechanism by which they increase
TEWL.!7%17% However, measurements of lipid solubiliza-
tion by sodium lauryl sulphate suggest that, at concentra-
tions ranging between 0.1% and 2%, it removes very small
amounts of free fatty acids, cholesterol, and esters.!”
The acute irritant effects of soap and detergents could be
partially explained by the release of pro-inflammatory
cytokines from corneocytes.??30 However, enhanced
desquamation and thinning of the stratum corneum
associated with changes in skin pH may probably
explain the negative effects of many detergents on skin
barrier function. The potential negative effects of surfac-
tants on the skin barrier of people with AD should be
taken into account when choosing topical products. For
example, aqueous cream is a generic emollient soap sub-
stitute, designed to be used instead of soap in people
with AD and related disease and contains sodium lauryl
sulphate at 1% concentration. The use of aqueous cream
as a leave-on emollient rather than as a wash-off soap
substitute has been associated with irritant reactions and
exacerbations of AD,3! probably occurring as a result of
the irritative effects of sodium lauryl sulphate described
above. This illustrates the importance of understanding
that topical pharmaceutical and cosmetic products can
have both positive and negative effects on the skin bar-
rier. If used incorrectly, these products can damage the
skin barrier and as a result exacerbate, rather than
improve, the control of AD.



50 TEXTBOOK OF ATOPIC DERMATITIS

GENE-ENVIRONMENT INTERACTIONS:
TOPICAL CORTICOSTEROIDS

The positive anti-inflammatory effects of topical corti-
costeroids have to be balanced with their potential to
induce cutaneous atrophy as a result of the inhibition of
the synthesis of collagen and glycosaminoglycans,80-182
and also against their effects on the integrity of the epi-
dermal barrier.!83-185 A significant increase in TEWL
has been observed in patients following the long-term
application of topical corticosteroids.!3¢-187 Short-term
application of topical corticosteroids (3 weeks) has also
been associated with a significant increase in TEWL
from normal skin.'84 It appears, therefore, that within
3 weeks, topical corticosteroids can cause significant
disruption of the epidermal barrier. These findings
should not surprise, considering that even a single
supra-physiological dose of endogenous glucocorticoids
induced by stress has been shown to impair epidermal
barrier homeostasis.>>188

Sheu et al'83 performed biopsies on the facial skin of
patients previously treated with topical corticosteroids on
their faces for 4 months to 4 years. The skin of patients
treated with topical corticosteroids differed from that of
control subjects in that it showed up to a 70% reduction
in the thickness of the stratum corneum by light
microscopy, a marked decrease in the number of intercel-
lular lipid lamellae, and a marked reduction in the number
of membrane-coated granules at the stratum granulo-
sum/stratum corneum interface by electron microscopy.
The reduction in the number of cell layers in the stratum
corneum and reduced lipid lamellae was reflected in an
increased TEWL in the topical corticosteroid-treated
patients (21.3+11.8 g/m? per hour) compared with nor-
mal controls (6.7+1.29 g/m? per hour).183:187

Kao et al'$’ investigated the effects of short-term (3
days) application of very potent topical corticosteroids
(clobetasol propionate 0.05%) in normal human volun-
teers. The baseline TEWL was not changed after this
treatment compared to controls. However, when the
skin was tape-stripped, the TEWL was much higher
from the clobetasol-treated skin than from that treated
with vehicle. Similar results were obtained in murine
skin treated with clobetasol propionate 0.05%.1%5
Measurements of the amount of proteins on the tape
strips removed from the mouse skin revealed larger
quantities from the clobetasol-treated site than from
sites treated with vehicle.!8® This indicates that tape
stripping removed more corneocytes from the skin
treated with clobetasol than from the skin treated with
vehicle. The ability of the stratum corneum to resist tape
stripping is imparted by the corneodesmosomes, which
lock the corneocytes together. As increasing numbers of
corneodesmosomes are cleaved, more corneocytes will

be removed with successive tape strips. The more cor-
neocytes that are removed per tape strip the greater the
disruption to the skin barrier and the higher the TEWL.
In the study by Kao et al,!8% the number of corneocytes
lost by tape stripping and the TEWL increased in a
dose-dependent manner. Electron micrographs of the
skin of these mice revealed a 35% reduction in the num-
ber of corneodesmosomes in the lower part of the stra-
tum corneum in mice treated with clobetasol compared
with those treated with vehicle, which explains why
tape stripping removed significantly more corneocytes
from clobetasol-treated skin than from vehicle-treated
skin. Kao et al'® also found changes in the lipid lamel-
lae similar to those reported by Sheu et al.!83:188 Thus,
short-term treatment (3 days) with very potent topical
corticosteroids appears to cause disruption of both
the corneodesmosomes and lipid lamellae, resulting in
a decrease in the functional integrity of the epidermal
barrier.

Corticosteroids bind to glucocorticoid nuclear recep-
tors, which in turn bind to corticosteroid-responsible
elements in the promoter region of multiple genes.!8’
At concentrations as low as 10710 molar, corticos-
teroids have been shown to up-regulate SCCE gene
expression in vitro.!”® An increased production of
SCCE protein following topical application of corticos-
teroids would help explain the degradation of cor-
neodesmosomes observed after 3 days’ application of
clobetasol propionate to the skin of mice.!8’

We have shown that application of clobetasol propi-
onate, one finger-tip unit twice daily for 4 days, to nor-
mal human skin, induces the expression of the mRNA
for SCCE™! and may, therefore, have a detrimental
effect on epidermal barrier function by promoting cor-
neodesmosome breakdown. The application of potent
topical corticosteroids for 2 weeks and moderately
potent topical corticosteroids (twice per day) for 4
weeks can also lead to significant damage to the stratum
corneum;!'9%193 however, topical corticosteroids are an
extremely effective treatment for severe flares of AD.
How is this compatible with the negative effects of top-
ical corticosteroids on the skin barrier as a result of
increased SCCE protease production? The most likely
explanation is that during a severe flare of AD there are
several other sources of proteases, including inflamma-
tory cells (secondary proteases), and Staphylococcus
aureus. The anti-inflammatory actions of topical corti-
costeroids can decrease production of all these sources
of proteases and the overall effects of topical corticos-
teroids in the middle of a flare on the skin barrier will,
therefore, be positive, improving barrier function.
Before development of a severe flare of AD or after
resolution of the flare, the main sources of proteases
in the stratum corneum are endogenous proteases such
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as SCCE. The levels of SCCE will be increased in non-
lesional eczematous skin as a result of the variation in
the SCCE gene associated with AD.3¢ Further increase
in the levels of SCCE induced by topical corticosteroids
will worsen the epidermal barrier dysfunction. The dis-
ruption of the stratum corneum barrier observed after
even short-term exposure to topical corticosteroids!'s’
supports this hypothesis. Outside a flare of AD, the
overall effects of topical corticosteroids on the skin bar-
rier may, therefore, be negative as these drugs may
enhance its breakdown. This helps explain why short-
term treatment of a flare of AD with topical corticos-
teroids is very effective while their long-term use can
lead to problems such as flare rebound and steroid
addiction.

Rebound flare after the discontinuation of topical
corticosteroids is not uncommon. It occurs both in the
context of an underlying skin disease, such as AD, and
also in normal skin after prolonged application of topi-
cal corticosteroids.**1%5 Rebound flare was observed in
all of the patients studied by Sheu et al.'%3 The rebound
flare following discontinuation of topical corticos-
teroids has similarities to that observed following other
forms of barrier disruption. Barrier disruption results in
the initiation of cytokine cascade, followed by an
inflammatory response.?’3%1%¢ Several of the cytokines
released following barrier disruption can induce tran-
scription from the protease genes and lead to further
barrier breakdown.!”” An extreme form of rebound
flare following the discontinuation of topical corticos-
teroids is ‘the red burning skin syndrome’.!$ In all the
reported cases, patients had used topical corticosteroids
for prolonged periods on delicate skin sites, such as the
face and genitals. Patients initially developed pruritus
followed by burning and erythema. Further application
of topical corticosteroids led to an exacerbation of the
condition, described as corticosteroid addiction. A pos-
sible mechanism is that as the potent TCS cause a thin-
ning of the naturally thin stratum corneum on the face
this allows more allergens to penetrate, inducing persist-
ent flares of the AD. As a result the patient uses more
TCS to treat the flare, but this causes further thinning of
the stratum corneum and, consequently, greater aller-
gen penetration, causing more flares.!83185 A vicious
circle is therefore established. Thus, an understanding
of the kinetics of protease production around a flare of
AD helps us understand how to use treatments such as
topical corticosteroids more safely.

CONCLUSIONS

‘Inside-outside’?* or ‘outside-inside’?” hypothesis: which

is correct? We suggest that both may be important at

different times in the evolution of AD, in intrinsic and
extrinsic AD, and in ADs of different severities. Intrinsic
AD, without an elevated level of non-specific or specific
IgE, is common (up to 66% of cases) in children with
mild or moderate AD recruited from the community. It
has been postulated that non-allergenic, intrinsic AD
can be considered as a pure, transitional form of the dis-
ease.”? In a proportion of children with intrinsic AD, the
disease will remain intrinsic, while in others, the allergic
nature of the disease will manifest with time.”!

In children with intrinsic AD there is a strong associ-
ation with an insertion in the 3’-untranslated region of
the gene encoding the protease SCCE.3®

In mild, intrinsic AD the use of an irritant such as soap
in patients with the genetic predisposition to a skin bar-
rier breakdown related to the variant of the SCCE gene
may be sufficient on its own to produce barrier disrup-
tion. This stimulates the production of inflammatory
cytokines?%30 and leads to the development and persist-
ence of eczematous lesions. These would be eczematous
lesions produced according to the ‘outside-inside’
hypothesis. AD is an example of a gene dosage and envi-
ronmental dosage effect disease. At one end of the spec-
trum, a single change in one skin barrier gene may
predispose to AD but require exposure to an environ-
mental agent such as soap and detergents for the disease
to be expressed. At the other end of the spectrum a com-
bination of changes in several skin barrier genes could,
on their own, lead to severe skin barrier breakdown and
development of more severe AD. Environmental factors
such as soap, detergents, and exogenous proteases
derived from house dust mites and Staphylococcus
aureus would further exacerbate the barrier breakdown
and AD. At the severe end of the spectrum, other genetic
changes may also be important, for example, changes in
the genes that regulate the production of IgE.

The hypothesis that non-allergenic intrinsic AD
might be considered as a pure transitional form of the
disease”” is compatible with the skin barrier genetic
data. The SCCE variant is strongly associated with
intrinsic but not extrinsic AD.3¢ A proportion of the
patients with intrinsic AD will never develop increased
levels of serum IgE. In some infants, the disease may
start as the intrinsic, non-allergenic form of AD, with a
defective epidermal barrier. The alterations in epider-
mal barrier integrity and function allow the penetration
of allergens through the skin, facilitating the interac-
tion of these allergens with the local antigen-presenting
cells and immune effector cells. During the first 6
months of a baby’s life, the Ty;1 cells are most vulnera-
ble to switching to T};2, resulting in increased produc-
tion of IL-4 and IL-5 and increased production of
IgE.'®? By this chain of events, the intrinsic AD of
some young children may become extrinsic AD. In very
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mild, permanently intrinsic AD the ‘outside-inside
hypothesis’®” may explain the entire disease process. In
AD that starts as intrinsic but then switches to extrin-
sic, both the ‘outside-inside hypothesis’ 27 and the
‘inside-outside hypothesis’®* may probably explain dif-
ferent aspects of the disease process at different points
in time of the disease development. The genetic predis-
position to a defective skin barrier could be considered
as a starting point in the atopic march. The number and
functional significance of changes in skin barrier genes
could help determine the severity of barrier breakdown
and allergen penetration. In addition, an understanding
of the kinetics of protease production in the skin of AD
patients could help treatments such as topical corticos-
teroids to be used more safely and effectively. The envi-
ronmental exposure to irritants and allergens would
also be very important in unmasking/exacerbating
defective skin barrier function. This, in turn, could
influence Tp;1/T};2 switching and the change from
intrinsic, non-allergic AD to extrinsic, allergic AD.

CLINICAL IMPLICATIONS OF SKIN BARRIER
DYSFUNCTION IN ATOPIC DERMATITIS

Our increasing awareness that epidermal barrier dysfunc-
tion is an extremely important component of the patho-
physiology of AD should focus our attention on
everything that comes into contact with the skin. This
includes environmental agents such as soap, detergents,
bacterial infection and inhalant allergens such as house
dust mites, and the topical formulations used to treat AD.
Exposure to soap and detergents has been recognized as
an exacerbating environmental factor in AD for more
than 40 years. The detrimental effects were thought to
arise through damage to the lipid lamellae. It now appears
that the rise in skin pH produced by soap and detergents
is also very important in enhancing the activity of skin
proteases. Ensuring that the washing regimen of people
with AD is completely free from any type of soap or deter-
gent wash product is, therefore, very important. Soap and
detergent wash products can be replaced with emollient
wash products.? For some products, such as shampoos,
it is not possible to eliminate all detergents. However, it is
possible to reduce the chance that they will damage the
skin barrier by using the mildest surfactants in the lowest
concentrations. As shampoos inevitably flow onto the
face, the careful selection of these products is important.
There are now emollient wash products designed for the
shower, bath, and hand washing, such as Aveeno cream
and wash; Balneum Plus cream and wash; E45 cream,
bath, and wash; Hydromol cream and bath; Lipobase
cream; and Oilatum cream and bath. Emollient bath,
shower, and wash products should be combined with

emollient creams and ointments to improve skin barrier
function. In view of the damaging effect of detergents it is
important to select appropriately formulated products.
Emollient creams containing high concentrations of sur-
factants have been shown to induce irritant reactions in
the majority of children attending a paediatric AD
clinic.?0" The ideal approach is to let the patients select
which product(s) they find most suitable for their skin.
Environmental agents such as house dust mites pro-
duce cysteine proteases that enhance T};2 responses and
the production of specific IgFs.!'811° However, the same
proteases can also break down corneodesmosomes and
lead to an increased barrier dysfunction. Measures to
reduce exposure to house dust mites may, therefore, be
important in all patients with AD.> Staphylococcus
aureus is also a source of exogenous proteases, which
could break down the skin barrier. These proteases are
probably very important in secondarily infected lesions
of AD, but their negative effects on the skin barrier may
also be important in non-lesional eczematous skin.
Topical corticosteroids are an important short-term
treatment for severe flares of AD. However, if topical cor-
ticosteroids are used for prolonged periods and particu-
larly on delicate skin sites, they can cause cutaneous
atrophy!83:201-204 and damage the stratum corneum.
Prolonged use of topical corticosteroids may damage the
skin barrier on delicate skin sites enough to enhance the
penetration of irritants and allergens. This may provide
the explanation for the phenomenon of post-topical
steroid rebound and steroid addiction.’® One way to
reduce the chronic use of topical corticosteroids is to
introduce calcineurin inhibitors, such as pimecrolimus
and tacrolimus, into treatment regimens. Mild to moder-
ate flares of AD can be treated with pimecrolimus, which
does not damage the skin barrier.32203-206 In patients
with recurrent flares of severe AD who require large
quantities of potent topical corticosteroids, tacrolimus
can be used as an alternative, or it can be rotated with the
potent topical corticosteroid.?” The key message is to
control everything that comes into contact with the skin
in order to reduce the damage to the skin barrier and the
number of flares of AD. Our new understanding of the
breakdown of the skin barrier in AD also provides oppor-
tunities to produce new treatments which can more effec-
tively repair the skin barrier than existing emollients.
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Staphylococcus aureus in atopic dermatitis

DonaldYM Leung

INTRODUCTION

Atopic dermatitis (AD) is a chronic inflammatory skin
disease commonly seen in patients with a history of
asthma or allergic rhinitis.! Intensely pruritic skin
lesions evolve as the result of complex interactions
between IgE bearing antigen-presenting cells, T cell
activation, mast cell degranulation, keratinocytes,
eosinophils, and a combination of immediate and cel-
lular immune responses (see Chapter 3). A number of
factors can trigger this inflammatory skin cascade
including irritants, foods, aeroallergens, and infection
(see Chapter 13).

The current chapter will examine the role of
Staphylococcus aureus in the pathogenesis of AD act-
ing not only as a trigger but also having skin disease-
sustaining effects resulting from its proinflammatory
properties.” These effects are, in part, due to the
potent toxins, e.g. superantigens, they produce. An
understanding of the mechanisms underlying enhanced
S. aureus colonization and infection in AD and identi-
fication of the molecules involved in triggering atopic
skin inflammation has important implications in our
current approach to the management of AD and the
development of new therapies for patients with this
common skin condition.

PREVALENCE OF STAPHYLOCOCCUS
AUREUS IN ATOPIC DERMATITIS

S. aureus colonizes the skin of most patients with active
AD.3 In contrast, the skin of less than 5% of normal
subjects is colonized by this bacterium. Furthermore,
when present on normal skin, S. aureus is usually low
in number and is mainly confined to the intertriginous
areas. Notably, the presence of S. aureus on atopic skin
depends on the skin lesion: S. aureus can be isolated

from 55-75% of clinically unaffected atopic skin
lesions, 85-91% of chronic lichenified lesions and
80-100% of acute exudative skin lesions.*

The density of S. aureus on acutely inflamed AD
lesions is generally more than 1000-fold higher than
on nonlesional AD skin. Clinical superinfection with
S. aureus can reach 107 organisms per cm? on acute
exudative AD skin lesions. Thus, atopic skin provides a
favourable environment for the colonization and pro-
liferation of S. aureus. These patients can have a sud-
den exacerbation of skin disease due to S. aureus
infection. Secondarily infected patients show greater
clinical improvement to combined treatment with anti-
staphylococcal antibiotics and topical corticosteroids,
as compared to topical corticosteroids alone, support-
ing the concept that S. aureus contributes to atopic skin
inflammation in AD.5-®

MECHANISM(S) FOR ENHANCED
STAPHYLOCOCCUS AUREUS
COLONIZATION

The mechanism(s) leading to increased S. aureus colo-
nization in AD are poorly understood. It is likely to
result from a combination of processes which include
defective skin barrier function, loss of certain innate
antibacterial activities from changes in antimicrobial
peptide levels, or reduced immune responses necessary
for eradication and defence against bacteria, as well as
changes in skin surface pH values toward alkalinity.”
There has also been much interest in the potential role
of lipid deficiencies in atopic skin since lipids have
antimicrobial effects and reduced lipid content in
atopic skin may lead to increased transepidermal water
loss contributing to the dryness and cracked, brittle
skin which predisposes to S. aureus colonization.’
These factors are not mutually exclusive. All are likely
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to play a role in S. aureus colonization of AD skin vary-
ing according to the patient’s genetic predisposition
and environment.

Increased S. aureus adherence

The initial step in colonization or infection requires
attachment of S. aureus to skin surfaces. The skin of
patients with AD has been demonstrated to have
increased adherence for S. aureus.'® The reason for
increased binding of S. aureus to AD skin is not com-
pletely understood but is thought to be due to the
underlying skin inflammation. This concept is sup-
ported by the following studies:

1. Acute AD skin lesions are colonized with greater
numbers of S. aureus than chronic skin lesions,
unaffected atopic skin or normal non-atopic.3*
Scratching probably enhances S. aureus binding by
disturbing the skin barrier and releasing proinflam-
matory cytokines which upregulate extracellular
matrix molecules known to act as adhesins for
S. aureus."' Furthermore, cracks in the epidermal
layer from scratching or skin dryness can expose
underlying extracellular matrix molecules which
can serve as an anchor for attachment of S. aureus
to the skin.

2. Tt has been found that treatment with anti-inflam-
matory medications such as topical corticosteroids
or tacrolimus significantly reduces the numbers of
S. aureus found on atopic skin.!%!3 Corticosteroids
have no direct antimicrobial effects. Thus, it is very
likely that atopic skin inflammation leads to the
expression of attachment sites which promote colo-
nization of S. aureus. Please see Table 5.1.

3. We have studied S. aureus binding to skin lesions in
mice undergoing Th1-or Th2-mediated inflamma-
tory responses.# Bacterial binding to frozen skin sec-
tions was found to be significantly greater at skin
sites with Th2-mediated inflammation than skin sites
with Th1-mediated inflammation. Importantly this
increased bacterial binding did not occur in
IL-4 gene knockout mice suggesting that IL-4 plays a
critical role in the enhancement of S. aureus binding
to skin. Conversely when normal mouse skin was
incubated in vitro with IL-4, as compared to inter-
feron-gamma, increased S. aureus binding occurred
only to skin explants treated with IL-4.

Recently, several staphylococcal cell surface mole-
cules, termed ‘adhesins’ (aside from protein A), have
been identified which are responsible for the initial
interactions between S. aureus and extracellular matrix
proteins in the skin. These include fibronectin-binding

Table 5.1 Factors contributing to S. aureus
colonization/infection in atopic dermatitis

¢ Impaired skin barrier function

* Reduced skin lipid content in atopic dermatitis

¢ Skin surface pH toward alkalinity

* Increased skin adherence to S. aureus due to
increased fibronectin and fibrinogen

¢ Decreased production of endogenous antimicrobial
peptides (beta defensins, LL-37) by keratinocytes

proteins A and B, clumping factors A and B which are
fibrinogen-binding proteins, and collagen adhesins.!!
Relevant to atopic inflammation, IL-4, but not inter-
feron-gamma, is known to induce fibronectin produc-
tion by skin fibroblasts.!

Recently, we found that fibronectin and fibrinogen,
but not collagen, are involved in the binding of
S. aureus to Th2-induced inflammatory skin lesions.
This is supported by the following observations:

1. S. aureus mutants that were selectively deficient
in fibronectin- or fibrinogen-binding proteins, as
compared to their corresponding wild-type parent
strains, demonstrated reduced binding to allergen-
sensitised/challenged Th2, but not Th1, skin reac-
tions in mice.* Consistent with these studies,
S. aureus mutants deficient in fibronectin- or fib-
rinogen-binding proteins demonstrated reduced
binding to human AD skin but not psoriatic skin or
normal skin.'® In contrast, a S. aureus collagen
adhesin-negative mutant did not show decreased
binding to Th2-mediated inflamed skin.

2. When S. awureus was pre-incubated with either
human serum albumin, fibronectin, collagen, or fib-
rinogen in an attempt to block the S. aureus binding
proteins, only fibronectin and fibrinogen signifi-
cantly reduced the level of S. aureus binding to Th2-
induced skin inflammation sites. Interestingly, the
S. aureus binding sites were primarily confined to
the stratum corneum.

Overall these data suggest a selective mechanism by
which Th2, as compared to Th1, responses can enhance
S. aureus binding to the skin. Thus, IL-4 induced
fibronectin synthesis, in combination with plasma exuda-
tion of fibrinogen, could provide a mechanism by which
the atopic/inflammatory environment mediates enhanced
S. aureus attachment to the skin. Interestingly, the S.
aureus fibronectin-binding  MSCRAMM FnbpA s
a bifunctional protein that also binds to fibrinogen.!”
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This observation is consistent with our observations
suggesting that blocking the binding of S. awureus to
fibrinogen and fibronectin may be an important thera-
peutic target for reduction of S. aureus colonization in
atopic skin.

Decreased innate immune response

Using electron microscopy, Morishita et al'® found
colonies of S. aureus distributed on the surface of the
epidermis as well as growing between layers of ker-
atinocytes. This study suggests that an exponential
increase in S. aureus could result from failure of the
innate immune response to restrict the growth of
microorganisms. Indeed, a direct comparison of AD
and psoriasis showed that about 30% of AD patients
suffered from infections whereas only 6.7% of psori-
asis patients had this complication,'® despite the fact
that both skin diseases have defective skin barrier
function.?? It has been speculated that the reduced
prevalence of infections in psoriasis may be associ-
ated with the increased production of antimicrobial
peptides.?!

Two major classes of antimicrobial peptides have
been found in mammalian skin: beta-defensins?»>% and
cathelicidins.?*2’ They have been shown to have antimi-
crobial activities against bacterial, fungal, and viral
pathogens.?>?’ In the skin, keratinocytes are the pri-
mary producer of these peptides. The mechanism of
action for these cationic antimicrobial peptides involves
disruption of the microbial membrane to interfere with
intracellular functions.?” Expression of some of these
peptides is constitutive (e.g. human-beta-defensin 1
(HBD-1)),2! whereas others (HBD-2 and LL-37, a
cathelicidin) are accumulated following skin injury or
inflammation. Animal models have shown that the
expression of antimicrobial peptides is essential for the
ability of skin to resist bacterial infection.?8:2%

Recently, we compared the expression of antimicro-
bial peptides in these two skin diseases to determine if
the increased susceptibility to infection in AD is due to a
deficiency in antimicrobial peptides.? In this study, we
compared the expression of HBD-2 and LL-37 in AD
skin lesions to psoriatic lesions and normal skin using
immunohistochemical staining, Western and immuno-
dot blotting, and quantitative real-time reverse transcrip-
tase-polymerase chain reaction (real-time RT-PCR). By
immunohistochemistry and immuno-dot blot, we con-
firmed that there was abundant LL-37 and HBD-2 in the
skin of all patients with psoriasis. Immunostaining of
LL-37 and HBD-2, however, was significantly decreased
in AD lesions. Real-time RT-PCR showed significantly
lower expression of HBD-2 and LL-37 mRNA in AD
lesions than in psoriasis lesions.

The importance of expression of both antimicrobial
peptides was studied by evaluating the combined
antimicrobial effects of LL-37 and HBD-2 on S. aureus.>°
The combination of LL-37 and HBD-2 showed syner-
gistic antimicrobial activity by effectively killing S.
aureus more than either antimicrobial peptide alone.
Thus, a deficiency in antimicrobial peptide expression
could account for the ability of S. aureus to readily col-
onize and infect skin from patients with AD.

Since acute AD skin lesions are associated with
marked overexpression of IL-4 and IL-13, we then
studied the effects of IL-4 and IL-13 on TNF-beta
induced HBD-2 expression in a human keratinocyte
cell line. IL-4 alone or in combination with IL-13 sig-
nificantly suppressed TNF-beta-induced expression of
HBD-2 in keratinocytes. These data suggest that the
low expression of antimicrobial peptide expression in
atopic dermatitis may be acquired as the result of aller-
gic immune responses.

IMMUNE RESPONSE TO
STAPHYLOCOCCUS AUREUS

The exact mechanisms by which S. aureus induces
skin inflammatory responses in AD are unknown.
However, a number of staphylococcal products, such
as protein A, lipoteichoic acid, and various toxins
have been observed to induce activation of cells
involved in the pathogenesis of AD including mast cells, T
cells, keratinocytes, and macrophages.* Unlike hyperim-
muno-globulinaemia E syndrome, patients with AD
rarely make IgE against constituents of the S. aureus
cell wall. However, AD has been associated with the
production of high level IgE against superantigens.3! As
such there has been a great deal of interest in mecha-
nisms by which superantigens could contribute to the
skin inflammation of AD.

Superantigens

An important strategy by which S. aureus exacerbates
or maintains skin inflammation in AD is by secreting a
group of toxins known as superantigens (Figure 5.1).
Superantigens bind directly without antigen processing
to constitutively expressed HLA-DR molecules on profes-
sional antigen-presenting cells such as macrophages or
dendritic cells, and to gamma interferon-induced HLA-
DR molecules on non-professional antigen-presenting
cells such as keratinocytes.3? This results in the release of
proinflammatory cytokines by these HLA-DR+ cells, or
via the subsequent activation of T cells. The stimulation
of T cells by superantigens results in the activation of
lymphocytes expressing specific T cell receptor V-beta
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Figure 5.1 Immune actions of staphylococcal superantigens. (Reprinted with permission from
Leung DY. Atopic dermatitis: new insights and opportunities for therapeutic intervention.

J Allergy Clin Immunol 2000; 105: 860-76.)

regions. While all bacterial superantigens cause marked
stimulation of T cells, they frequently cause the
expansion of different portions of the T cell repertoire.
Identification of specific T cell receptor V-beta expansions
can be useful in supporting the concept that tissue inflam-
mation is mediated by superantigens.>>

A variety of observations support a role for super-
antigens in the pathogenesis of AD (Table 5.2).

1. The majority of AD patients have S. aureus cultured
from their skin that secrete superantigens such as
enterotoxins A, B, and toxic shock syndrome toxin-
1 (TSST-1).3L3%35 An analysis of the peripheral
blood skin homing T cells expressing cutaneous
lymphoid antigen (CLA) from these patients as well
as their skin lesions reveals that they have under-
gone a T cell receptor V-beta expansion within both
their CD4+ T cells and their CD8+ T cells indicative
of superantigen stimulation.3¢:37 TCR V-beta skew-
ing was not present within the CLA™ T cell subsets
of patients with plaque psoriasis or normal con-
trols. TCR BV genes from the presumptively super-
antigen-expanded populations of skin homing T cells
were cloned and sequenced from AD subjects, and
consistent with a superantigen-driven effect, were
found to be polyclonal.

2. Most AD patients make specific IgE antibodies
directed against the superantigens found on their
skin.3*35 Basophils from patients with IgE to super-
antigens release histamine on exposure to the

Table 5.2 Role of staphylococcal
superantigens in atopic dermatitis

* AD severity correlates with presence of IgE to
superantigens

* Superantigens augment allergen-induced skin
inflammation by activating infiltrating mononuclear
cells and inducing mast cell degranulation

* Superantigens induce dermatitis on application to
skin by patch testing

» Patients recovering from toxic shock syndrome
develop chronic eczema

* Superantigens induce the skin homing receptor
onT cells

e Peripheral blood mononuclear cells from AD, as
compared to normal controls, have higher
proliferative responses to superantigens

relevant superantigen, but not in response to
superantigens to which they make no specific IgE.>!
These data suggest that superantigens induce specific
IgE in AD patients and chronic mast cell degranula-
tion in vivo when the superantigens penetrate their
impaired skin barrier. This promotes the itch-
scratch cycle, thereby contributing to the evolution
of skin rashes in AD.



STAPHYLOCOCCUS AUREUS IN ATOPIC DERMATITIS 63

3. A correlation has been found between the presence
of IgE to superantigens and severity of AD.3*3%
Colonization with superantigen-producing S. aureus
is greatest in patients with IgE to staphylococcal
superantigens. Of note, in one study there was no
difference in skin severity between patients with or
without superantigen-producing S. aureus unless
patients made an IgE response to the superantigen
present on their skin.3’ Patients with superantigen-
producing S. aureus on their skin have increased IgE
levels to specific allergens. This is consistent with in
vitro studies demonstrating superantigens augment
allergen-specific IgE synthesis by binding to HLA-DR
on B cells.?® Utilizing a human-SCID mouse model of
skin inflammation, S. aureus superantigens have been
reported to enhance allergen-induced skin inflamma-
tion.3? Skin homing peripheral blood T cells have also
been shown to respond to superantigen and con-
tribute to eosinophilia and IgE production in AD.*0:41

4. Epicutaneous application of SEB to normal skin or
unaffected AD skin induces skin erythema and
induration.*? In one study, half of the AD patients
experienced a flare of their skin disease in the elbow
flexure ipsilaterally to where the SEB was applied.
These observations provide direct evidence that
superantigens can exacerbate and sustain skin
inflammation with AD. It has also been found that
the T cells infiltrating into skin patch test sites
stimulated with SEB are selectively expanded with
a T cell repertoire (increased expression of T cell
receptor V-beta 3, 12, and 17) consistent with SEB
stimulation.*> Furthermore, in a prospective study,
14 of 68 patients recovering from toxic shock
syndrome (TSS) developed chronic eczematoid
dermatitis, whereas no patients recovering from
gram-negative sepsis developed eczema.** These
investigators concluded that superantigens may
induce an atopic eczematoid process in the skin.
Kawasaki syndrome, a multi-system vasculitis
thought to be caused by superantigens, has also
been associated with a 10-fold higher prevalence
of AD than disease controls.*3:4¢

A number of factors probably contribute to skin
inflammation induced by superantigens. In vitro,
superantigens can cause marked activation of Th2 cells.
Mouse Th2 cells expanded by superantigen induce IL-4
dependent skin inflammation when injected into the
skin of mice.*” Saloga et al*$* also found that epicuta-
neous application and intracutaneous injection of SEB
elicits a strong inflammatory skin response in wild-type
BALB/c mice, but not T cell deficient SCID mice sug-
gesting that superantigen-induced skin inflammation is
T cell dependent.

Importantly, superantigens have been demonstrated
to induce T cell expression of the CLA skin homing
receptor via stimulation of IL-12 production.’® As shown
in Figure 5.1, staphylococcal superantigens secreted
at the skin surface can penetrate the skin to stimulate
epidermal macrophages or Langerhans cells (LCs) to
produce IL-1 and tumour necrosis factor-alpha. Local
production of IL-1 and TNF induces the expression
of E-selectin on vascular endothelium,’! allowing an
initial influx of CLA* Th2 memory/effector cells. IL-12
secreted by superantigen-stimulated LCs which migrate
to skin-associated lymph nodes can upregulate the
expression of CLA on T cells. These actions result in the
formation of additional skin-homing memory T cells
which can promote skin inflammation.

Chronic AD is frequently associated with coloniza-
tion by superantigen-producing S. aureus and increased
infiltration of monocyte/macrophages.! To examine a
potential role for microbial superantigens in the pro-
longation of monocyte-macrophage survival, Bratton
et al°2 incubated peripheral blood monocytes from AD
subjects with TSS toxin-1 (TSST-1), a superantigen,
and examined its effects on monocyte apoptosis. TSST-1,
in a concentration dependent manner, significantly
inhibited monocyte apoptosis and stimulated produc-
tion of the prosurvival cytokines GM-CSF, IL-1, and
tumour necrosis factor-alpha. Their data also showed
that GM-CSF production was the primary cytokine
responsible for inhibition of apoptosis creating condi-
tions favouring persistent tissue inflammation and skin
colonization with S. aureus.

Alpha toxin

Aside from superantigens, staphylococci can express
other toxins which contribute to skin inflammation.
Ezepchuk et al*® found that AD S. aureus isolates
which failed to secrete superantigens, produced alpha
toxin. All of these staphylococcal strains also expressed
staphylococcal protein A. The superantigens, TSST-1,
SEA, SEB, and exfoliative toxin as well as protein A did
not induce significant cytotoxic damage on ker-
atinocytes. In contrast, alpha toxin induced profound
keratinocyte cytotoxicity that was time and dose
dependent. Additionally, alpha toxin induced the
release of tumour necrosis factor-alpha from ker-
atinocytes rapidly after addition to cultures. In con-
trast, protein A and staphylococcal superantigens
stimulated tumour necrosis factor-alpha secretion from
keratinocytes over an extended period of time.

Alpha toxin exerts its effects by forming a trans-
membrane pore that behaves like a calcium ionophore.
Because cellular membrane disruption with resultant
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intracellular calcium mobilization is a potent stimulus
for the synthesis of the lipid mediator platelet-activating
factor, the ability of beta toxin to induce platelet-
activating factor production was recently studied by
Travers et al.>* Treatment of a human keratinocyte cell
line with alpha toxin resulted in significant levels of
platelet-activating factor. Alpha toxin also stimulated
arachidonic acid release in keratinocytes. Pretreatment
of keratinocytes with platelet-activating factor receptor
antagonists blunted alpha toxin-induced arachidonic
acid release, suggesting a role for alpha toxin-produced
platelet-activating factor in this process. Of note, retro-
viral-mediated expression of the platelet-activating
factor receptor into the platelet-activating factor receptor—
negative epithelial cell line KB resulted in an augmenta-
tion of alpha toxin-mediated intracellular calcium
mobilization and arachidonic acid release. These stud-
ies suggest that alpha toxin-mediated signalling can be
augmented via the epidermal platelet-activating factor
receptor providing a novel mechanism by which alpha
toxin can augment the skin inflammatory response.

MANAGEMENT OF STAPHYLOCOCCUS
AUREUS IN ATOPIC DERMATITIS

Antibiotic/steroid combinations

Extensive serous weeping, folliculitis, and pyoderma
indicate bacterial infection usually secondary to S. aureus
in patients with AD. The concept that infection with S.
aureus can exacerbate acute AD, and colonization pro-
motes chronic skin inflammation, provides a rationale
for use of anti-staphylococcal therapy in patients with
poorly controlled AD. Systemic anti-staphylococcal
antibiotics are particularly helpful in the treatment of
acute exacerbations of AD due to diffuse S. aureus
infection.”>>” Erythromycin and the newer macrolide
antibiotics (azithromycin and clarithromycin) are usu-
ally beneficial for patients who are not infected with
a macrolide-resistant S. aureus strain. However, for
macrolide-resistant S. aureus, a penicillinase-resistant peni-
cillin (e.g. dicloxacillin) should be used. First-generation
cephalosporins also offer effective coverage for S. aureus.
Topical mupirocin is useful in the treatment of localized
impetiginized skin lesions.’

Owing to the increased risk of bacterial resistance
that may occur with frequent use of antibiotics, it is
important to combine antimicrobial therapy with effec-
tive skin care since it is well established that the excori-
ated inflamed skin of AD predisposes to S. aureus
colonization and infection. Use of antibiotic therapy
must be carried out with good skin hydration to restore
skin barrier function and effective anti-inflammatory
therapy to reduce overall skin inflammation. Exacerbating

factors such as food allergens, inhalant allergens,
irritants, and emotional triggers should be identified
and eliminated as they can alter response to therapy.
Since the major reservoir for S. aureus is in the nose,
intranasal antibiotics may be needed to reduce overall
skin carriage of S. aureus.>®

Several studies have demonstrated that the combina-
tion of topical corticosteroids with an antibiotic is
significantly more effective in reducing skin inflamma-
tion due to AD than using the topical corticosteroid or
topical antibiotic alone.’*-¢! The observation that com-
bined treatment of AD with antibiotics and cortico-
steroids is more effective than corticosteroids alone
suggests that S. aureus secretes products that can induce
steroid resistance. This may contribute to the spectrum
of corticosteroid responsiveness that exists in AD.®2
Recently, we reported that when T cells are stimulated
with superantigens, as compared to other stimuli, they
become resistant to the immunosuppressive effects of
corticosteroids.®3 This is consistent with the observa-
tion that antibiotics, even at concentrations that do not
suppress their growth, are known to reduce superantigen
production by S. aureus.%*

At a cellular level, corticosteroids exert their biological
effects by binding to a specific intracellular receptor, i.e.
the glucocorticoid receptor (GR). Cloning of the human
GR gene has revealed that alternative splicing of the GR
pre-mRNA generates two homologous isoforms, termed
GRbeta and GRbeta.?%%¢ GRbeta is the steroid-activated
transcription factor which, in the hormone-bound state,
modulates the expression of steroid-sensitive genes.
GRbeta differs from GRbeta only in its COOH terminus
with replacement of the last 50 amino acids of the latter
with a unique 15 amino acid sequence. This difference
renders GRbeta unable to bind corticosteroids, and
antagonises the activity of GRbeta. Interestingly, super-
antigens are a potent inducer of GRbeta expression in
T cells and may account for their ability to induce
corticosteroid resistance.®?

Non-antibiotic approaches for
control of Staphylococcus aureus

Antiseptics

In patients who cannot be weaned off antibiotic therapy,
alternative approaches should be considered for control
of S. aureus. This would include topical antibacterial
cleansers which have been shown to be effective in
reducing bacterial skin flora.®” The antiseptic gentian
violet has been shown to significantly decrease S. aureus
on AD skin accompanied by a reduction in the clinical
severity of skin disease.®3%° Use of 10% povidone-iodine
solution has been reported to result in a 10-100-fold
decrease in the density of S. aureus on AD skin.”® Finally,
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daily bathing with an antibacterial soap has been found
to significantly reduce the number of S. aureus on the
skin and result in clinical improvement of AD.”! It
should be noted that all these anti-infective strategies
may be limiting as they can be too irritating for the
inflamed skin of some patients with AD.

Phototherapy

Phototherapy or photochemotherapy is effective in the
treatment of AD. Although its mechanisms of action
are not completely understood, it is thought that these
may be due to immunosuppressive and anti-inflammatory
effects. It has also been shown that UV irradiation or
psoralen plus UVA (PUVA) inhibits growth of S. aureus
via a direct bactericidal effect.”? Treatment of S. aureus
with UV irradiation or PUVA has also been found to
inhibit superantigen production in a dose-dependent
manner.”? These bacteriostatic effects of UV radiation
along with its suppressive effects on superantigen pro-
duction may contribute to the therapeutic efficacy of
phototherapy in AD.

Topical tacrolimus

Several multicentre, controlled studies have demon-
strated that FK506 in ointment form (tacrolimus) can
effectively reduce the clinical symptoms of AD within
3-5 days of initiating therapy.”*77 Tacrolimus acts by
binding to a cyclophilin-like cytoplasmic protein, FK506

binding protein, and this complex in turn inhibits
calcineurin, which is a phosphatase needed for activa-
tion of NF-AT, a critical transcription factor needed for
gene transcription of multiple Th1- and Th2-like
cytokines including IL-2, IL-4, and IL-5.”% Remitz
et al'® found that application of 0.1% tacrolimus oint-
ment significantly decreased the number of S. aureus on
the skin of AD patients within the first week of treat-
ment. Since tacrolimus has no direct inhibitory effect on
bacterial growth, the reduction in number of S. aureus
following the clinical improvement of AD by tacrolimus
treatment is probably due to its anti-inflammatory
actions. As shown in Figure 5.2, superantigen-induced
T cell activation is resistant to the anti-proliferation
effects of dexamethasone, a prototypic corticosteroid.
However, FK506 was highly effective at inhibiting
superantigen-induced T cell activation.”” Thus, tacrolimus
ointment may be an effective treatment option for
steroid-insensitive AD patients colonized with S. aureus-
secreting superantigens.

CONCLUSIONS

Colonization and infection with S. aureus contributes
to the severity of AD. The inflamed skin of atopic
patients avidly binds S. aureus. Once attached to the
skin, staphylococcal superantigens can augment allergic
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Table 5.3 Therapeutic approach to reduce
S. aureus

Restore skin barrier function
Antibiotics for acute treatment
Topical anti-inflammatory agents:
corticosteroids
macrolide immunomodulators
Antiseptics
Phototherapy

skin inflammation and reduce corticosteroid sensitivity
(Table 5.3). Reduction in S. aureus colonization requires
effective skin care to control skin inflammation which
predisposes to S. awureus colonization/infection. These
observations suggest a role for antibiotic/corticosteroid
combinations or non-steroidal topical macrolide immuno-
suppressive ointments in the treatment of AD.
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Role of viruses

Andreas Wollenberg and Stefanie Kamann

INTRODUCTION

Patients affected by atopic dermatitis (AD) tend to
develop common viral infections such as herpes sim-
plex, molluscum contagiosum or verruca vulgaris more
frequently than non-atopics. These infections do not
exhibit other clinical features in atopics than in non-
atopics, are treated similarly in both patient groups,
and will not be discussed in this chapter. In addition,
widespread disseminated viral infections occur in the
skin lesions of AD. These infections have been
described according to the causative virus as eczema
molluscatum (EM), eczema vaccinatum (EV) or eczema
herpeticum (EH). Though all these diseases are rela-
tively rare and little is known about their specific
pathogenesis, some of them are among the true medical
emergencies in dermatology. EV and EH represent the
probably most feared complications of AD. Here, we
touch EM, which is more annoying than dangerous,
but difficult to treat, briefly cover the most severe but
nowadays only exceptionally occurring EV, and handle
in depth the clinically most important aspects of diag-
nosis and treatment of EH.

ECZEMA MOLLUSCATUM

Disseminated eruption of molluscum contagiosum
virus (MCV) in an AD patient is known as EM. It is
mostly a disease of children. The relatively small, skin-
coloured frequently umbilicated papules vary in size
(Figure 6.1). Though most papules are confined to the
eczematous lesions of the underlying AD, autoinocula-
tion of the virus may cause aberrant papules in other
body regions. There is no fever, no malaise, and no
general symptoms associated with EM.

MCV was found to have unique genes not found
in variola virus, that encode proteins which help the
virus avoid immune detection, and 59 MCV genes are

Figure 6.1 Eczema molluscatum. A disseminated
eruption of whitish, umbilicated papules on
eczematous skin which show considerable
variation in size.

predicted to encode previously uncharacterized proteins,
including MHC class I, chemokine, and glutathione per-
oxidase homologues, which may be linked with MCV
pathogenesis and provide considerable insights into how
viruses can evade antiviral defence mechanisms.!

The soluble interleukin (IL)-18 binding protein (IL-
18BP) of poxviruses represents a new immune escape
strategy. As IL-18 is a proinflammatory cytokine that
can enhance both the innate and acquired immunity,
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the poxvirus-encoded IL-18BPs binding to IL-18 with
high affinity and inhibiting IL-18 mediated IFN-y
induction interrupts the normal immune response to
MCYV antigens.?

Treatment of EM greatly depends on the physician’s
personal opinion and experience. Patients pretreated
with topical steroids or topical immunomodulators are
usually taken off these drugs for a few weeks to allow
mounting of a natural immune response against the
virus.? In addition, a smaller number of lesions may be
expressed with a suitably shaped forceps. Half an
hour’s pretreatment with a cream containing a eutec-
tic mixture of local anaesthetics will both reduce pain
and soften the lesion for easier removal. Topical appli-
cation of imiquimod or other topical immunostimula-
tory drugs shows promising results and may become a
future treatment option.* As the virus is easily spread
by a scratching hand, we recommend the application of
gauze dressings to cover the affected areas.

ECZEMA VACCINATUM

Disseminated eruption of vaccinia in an AD patient is
known as eczema vaccinatum (EV). Vaccination with
vaccinia virus has been performed for about two hun-
dred years to prevent or attenuate smallpox infection
caused by the variola virus in humans.’ Following the
declaration of smallpox eradication by the WHO in
1980, all countries have subsequently stopped vaccina-
tion of the general public. As of this writing, vaccina-
tion is essentially restricted to special forces, military
personnel and specialized laboratory workers, but het-
eroinoculation of vaccinia virus may cause infection in
contact persons.® In case of a release of variola virus as
a biological weapon, ring vaccination of first and sec-
ond contacts with vaccinia virus is recommended by
the health authorities and may lead to EV.”

Along with its legacy of enormous success, the live
virus smallpox vaccine has the dubious distinction of
having one of the highest rates of vaccine-associated
adverse events seen among all vaccines currently in rou-
tine use.® As AD is a contraindication to smallpox vac-
cination, accidental contact vaccination accounted for
more cases of EV (65%) than did intentional primary
vaccination.® The incidence of EV in the USA was 123
per million primary vaccinees, with case fatality rates
of approximately 1-5%.%1°

A disseminated eruption of blisters and pustules, pre-
dominantly scattered throughout the lesional skin,
together with fever and severe illness, describes the clin-
ical picture of EV. Seemingly contradictory are pub-
lished data, that two-thirds of EV patients did not have
active disease at the time of vaccinia virus exposure.’
This may in part be explained by a lack of AD patients

to upregulate the antimicrobial cathelicidin peptide LL-
37 in response to vaccinia virus exposure.'! As most der-
matologists have not seen EV patients during their
residency, the Centres for Disease Control has set up a
highly useful smallpox related internet training module
with a number of excellent clinical pictures including EV
(http://www.bt.cdc.gov/Agent/Smallpox/Smallpox.asp.
The diagnosis of EV is easily made on clinical grounds,
and may be confirmed by electron microscopic
demonstration of poxvirus structures from the blister
fluid.

Vaccinia immune globulin (VIG) may be adminis-
tered to patients with EV in a dose of 0.6 ml/kg if avail-
able, given intramuscularly in divided doses over a
24-36 hour period. This may be repeated in 2 to 3 days
if improvement does not occur.!? The VIG quantities
are limited at present, but the pharmaceutical industry
is currently producing larger quantities of VIG which
will be suitable for intravenous use in a yet to be
defined dosage regimen.

ECZEMA HERPETICUM

The first description of EH dates back to 1887, when
the Austrian dermatologist Moritz Kaposi described 10
children with eczema larvare infantum complicated by
a vesicopustular eruption.' Today, the term Kaposi’s
varicelliform eruption is used for any disseminated
cutaneous infection with the herpes simplex virus
(HSV) type 1 or 2, which may include AD, eczema,
Darier disease,'* pemphigus foliaceus,!> mycosis fun-
goides,'® Sézary syndrome,'” ichthyosis vulgaris,!'s
Hailey-Hailey disease,'® and burn patients.?’ In con-
trast, EH should be restricted to disseminated HSV
infection as a complication of an eczematous skin
disease.?!

Patients with EH frequently present with a dissemi-
nated, distinctly monomorphic eruption of dome-
shaped vesicles (Figures 6.2-6.3), accompanied by
fever, malaise, and lymphadenopathy. Within 2 weeks,
the blisters usually dry out, forming crusts that fill
eroded pits (Figure 6.4). Atypical variants with char-
acteristic, disseminated ‘slits’ in tense erythematous
plaques may also occur. Head, neck, and upper body
are most frequently affected. Lesions generally heal
over 2 to 6 weeks. Mortality of disseminated HSV
infection, such as EH, was up to 80% prior to effective
antiviral treatment and may be associated with sys-
temic viramia leading to a multiple organ involvement
and encephalitis.?2:23

Disseminated HSV infections such as EH can be com-
plicated by keratoconjunctivitis, encephalitis, meningi-
tis, and neonatal herpes. The nature and severity of
disease depends on several factors, including site of



Figure 6.2 Eczema herpeticum, vesiculo-pustular
stage. A disseminated eruption of distinctly
monomorphic, dome-shaped blisters and secondary
pustules on eczematous skin is suggestive of eczema
herpeticum.

Figure 6.3 Eczema herpeticum, vesiculo-pustular
stage. A disseminated eruption of distinctly
monomorphic, dome-shaped blisters and secondary
pustules on eczematous skin is suggestive of eczema
herpeticum.

virus inoculation, age, immune status of the host, and
genetic variations in virus strains or infected persons.
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Figure 6.4 Eczema herpeticum, crust stage. After a
few days, the blisters are drying out and form crusts
that fill eroded pits.

Population-based epidemiological data on EH are
difficult to obtain because of its rarity. The number of
patients treated in university hospitals for this disease is
said to have increased over the years.2* Whether this is
due to the increased incidence of AD, to the increased
mobility of patients allowing them to reach a dermatol-
ogy unit more easily, or to an increase of EH as such
remains unclear. Only a few studies have investigated a
larger number of patients with EH,?*?5 and the predis-
posing factors are essentially those associated with
severe manifestations of AD as such: an early onset of
the underlying AD and a high total serum IgE level.?’
More than 75% of the patients with EH had not
received corticosteroid treatment in the 4 weeks prior
to onset of EH, arguing against a role for topical corti-
costeroids in the development of EH.2%

Diagnostic procedures in
eczema herpeticum

In most cases, the typical clinical features of EH allow
the differential diagnosis to widespread impetigo or
other disseminated infections, contact dermatitis, or
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chickenpox. The clinical diagnosis can be confirmed by
polymerase chain reaction (PCR) for viral DNA, by
electron microscopic detection of herpes group virus
from blister fluid, or by commercial immunofluores-
cence tests for cells affected by HSV. The diagnosis is
supported by demonstration of large multinucleated
cells in the blister fluid and conventional light microscopy
(Tzanck test). A less sensitive method is viral culture,
and less specific methods are serologic tests. The choice
of the optimal test depends on the clinical manifestation
of the disease.?’

In all EH cases, the patient’s personal history and
family history of concomitant atopic diseases, such as
allergic rhinoconjunctivitis and bronchial asthma, as
well as personal and environmental history of herpes
labialis, should be well documented to allow further
information about predisposing factors for EH. Serum
IgE levels usually correlate with the severerity of AD.?

Differential blood count, erythrocyte sedimentation
rate (ESR), and body temperature may exhibit signs of
viramia, while serum creatinine levels should be meas-
ured before starting systemic aciclovir therapy.
Bacterial swabs will show bacterial colonization or
infection with Staphylococcus aureus or other bacteria.

Patients with EH should be seen by an ophthalmolo-
gist to monitor for herpetic keratitis. A neurologist
should examine the patient if meningeal involvement is
suspected. Clinical features of CNS infection with HSV
may be headache, confusion, and fever. Areas with
decreased attenuation in the temporal lobes in the CT
scan of the head, abnormalities in the EEG, and pleo-
cytosis and increased protein levels in the cerebrospinal
fluid will only be found if the herpes encephalitis is sus-
pected and the tests are ordered.2¢

Pathogenesis of eczema herpeticum

Infection of epithelial cells with HSV is initiated by
contact of the virus with mucosa or abraded skin.?’
Replication of HSV in epidermal and dermal cells fol-
lows, and HSV can even be spread via the lymphatics to
regional lymph nodes.?® This may explain the severity
and large affected area during primary infection.
During this initial infection, HSV gains access to sen-
sory neurons to establish latent infection. Reactivation
and replication of latent HSV can be induced by stimuli
such as light, trauma, or immunosuppression. Patients
with a compromised cell-mediated immunity, as pres-
ent in AD, are at risk of developing recurrent and severe
HSV infections.

Primary infection with HSV may not be apparent but
may also cause herpetic gingivostomatitis. Herpes labi-
alis is typically caused by HSV reactivation, the well-
known herpes simplex recidivans in loco. EH may be
caused by primary or secondary HSV infection.?

The impaired skin barrier of patients with severe AD,
together with the spongiosis, makes it easier for the
virus to invade the skin and bind to its cellular recep-
tors. A desmosomal protein, nectin-1, has recently been
identified as one of the relevant HSV receptors in
man.?? In AD, there is a Th2 cell predominance with
increased production of the Th2 cytokines IL-4 and IL-
13.39 IL-4 induces IgE production and prevents differ-
entiation of interferon (IFN)-y producing Th1 cells.
The lower levels of IFN-y in the skin of patients with
AD may allow the viruses to overgrow.°

A patient’s ability to defend himself against HSV
infection may critically depend on the production of
antiviral type-I interferons. Plasmocytoid dendritic cells
(PDC) are a novel dendritic cell subset that circulate in
the blood and make up 0.1% of peripheral blood
mononuclear cells.3! As PDCs produce a large amounts
of antiviral type I interferon (IFN)-o. and IFN-B upon
viral infection and are capable of inducing both Th1
and Th2 responses, their presence seems most impor-
tant for the susceptibility of patients to viral skin infec-
tions. We demonstrated recently that AD patients have
an impaired recruitment of PDC into their skin lesions
as compared with other inflammatory skin diseases
such as psoriasis or contact dermatitis, which provides
a rationale why patients with AD show a predisposi-
tion to viral skin infections.??

The induction of antimicrobial peptides such as the
antiviral cathelicidin LL-37 is an important mechanism
of innate immune defence and may be induced by
proinflammatory stimuli.'! Physiological concentra-
tions of the cathelicidin LL-37 induce antiviral activity
and significant killing of HSV in antiviral assays,!! but
a defective upregulation of LL-37 has been demon-
strated in skin lesions of AD patients.3> Moreover, skin
of EH patients exhibits significantly lower levels of LL-
37 protein expression compared with skin of AD
patients.'! Human cathelicidin expression is inversely
correlated to the serum IgE level.!!

Therapy of eczema herpeticum

Optimal therapy of EH is a combination of topical and
systemic actions, and should be started at the earliest
possible time. Systemic antiviral chemotherapy is the
mainstay of EH treatment, supported by topical antiviral
chemotherapy in case of eye involvement (herpetic ker-
atitis). Oral antibiotics are frequently given to control
bacterial superinfection, and oral cephalosporine prepa-
rations (e.g. cefadroxil, 2 x 1 g/day) are our treatment of
first choice. Topical administration of antiseptic lotions
may improve the clinical course of EH by drying out the
vesicles and preventing bacterial superinfection.

The role of anti-inflammatory therapy in acute EH
stages, including glucocorticosteroids, is controversial,



because the wanted anti-inflammatory activity of gluco-
corticosteroids and topical immunomodulators is inevitably
associated with an unwanted attenuation of the antiviral
immune defence of the skin immune system. Despite lack-
ing evidence, many clinicians tend to avoid glucocortico-
steroids in the acute phase of EH. In our own institution,
topical and systemic steroids are freely given once systemic
antiviral therapy has been started.

Antiviral chemotherapy
of eczema herpeticum

Systemic antiviral chemotherapy must be given to avoid
complications of a disseminated HSV infection such as
HSV encephalitis or herpetic keratitis. Currently, the
most potent drugs used for HSV therapy are nucleoside
analogues which interfere with viral DNA replication.
Before the introduction of aciclovir treatment, the mor-
tality rate of EH leading to multiple organ involvement
and encephalitis was about 70%.%?

Aciclovir

Aciclovir is a nucleoside analogue that is converted by
herpes virus-encoded kinases to its monophosphate
metabolites. This metabolization step can only occur in
HSV-infected cells. After conversion to monophosphate,
further activation to di- and triphosphate is catalysed
by cellular enzymes. The nucleoside triphosphate inter-
acts with the herpes virus DNA polymerase, resulting
in inhibition of viral DNA synthesis. Aciclovir has
repeatedly been shown to be highly efficient and safe
with systemic administration. Shortening of disease
duration by oral aciclovir has been demonstrated in a
multicentre, double-blind placebo-controlled study
with EH patients.3*

The currently recommended regimen for EH and
other severe HSV infections, such as neonatal herpes,
HSV encephalitis, or HSV infection in HIV patients, is a
7-day course of intravenous aciclovir (3 x5-10 mg/kg/
day), which may be prolonged according to the clinical
course of the disease. For children less than 12 years old
with EH, more accurate dosage can be achieved by
using surface area calculations. The recommended dose
is then 3 x 750 mg/m?%/day for 7 days. Oral aciclovir has
a lower Dbioavailibility (15-30%) than intravenously
given aciclovir, and should therefore be restricted to the
treatment of mild EH (5 x 400 mg/day).

Prophylactic treatment of recurrent genital HSV
infections with low-dose long-term oral aciclovir in a
dosage of 2x 200 mg/day?53¢ or 2x 400 mg/day>7-8
was shown to reduce the number of recurrent episodes.
Although there are no studies about aciclovir prophy-
laxis in patients who tend to develop EH, oral aciclovir
in a dosage of 2x 200 mg/day may be a therapeutic
option in cases with severe recurrent EH.
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Aciclovir has a nephrotoxic potential when systemi-
cally given, but slow infusion reduces the incidence of
renal disturbances. Dose reduction is mandatory in
renal insufficient patients and calculated according to
creatinine levels. Aciclovir resistance, which appears in
4.7%3 to 17%*° of immunocompromised patients, is
rarely seen in EH patients.

Although there is no evidence of a teratogenic effect
of aciclovir, it is still a matter of discussion if aciclovir
should be given during pregnancy. On the other hand,
EH during pregnancy may lead to intrauterine infec-
tion of the foetus in about 50% by transplacental
transmission. Intrauterine infection mostly occurs dur-
ing the first 20 weeks of pregnancy and leads to an
increased rate of abort, death, and birth defects.*!
Although it has never been the subject of larger, well-
controlled studies, an individual risk-benefit evalua-
tion is made for each patient, usually resulting in
intravenous treatment with aciclovir.*> A randomized,
placebo-controlled study in 46 pregnant women with
first episodes of genital herpes, who were treated
with either 3x 400 mg/day oral aciclovir from 36
weeks’ gestation until delivery or with placebo, showed no
birth defects in the aciclovir-treated women.** Moreover,
no HSV could be isolated at time of birth in the 21 aci-
clovir-treated women, permitting a vaginal delivery,
while 9 from 25 placebo-treated woman had to
undergo a Caesarean section due to a current HSV infec-
tion.*3 According to the manufacturer, 1246 pregnancy
outcomes with prenatal exposure to aciclovir collected
from 1984 to 1999 showed no increase in the number of
birth defects. Thus, a disseminated HSV infection such as
EH during pregnancy should be treated with intravenous
aciclovir (3 x 5-10 mg/kg/day) for at least 7 days to avoid
HSV-induced abort, death, and birth defects.

Valaciclovir
Valaciclovir is the L-valyl ester prodrug of aciclovir.
During first pass metabolism, valaciclovir is almost com-
pletely converted to aciclovir. It has an increased oral
bioavailibility. Orally given valaciclovir has been com-
pared to oral aciclovir in genital HSV infection, demon-
strating the advantage of a more convenient dosing
regimen with a potential for improved compliance. There
are no studies about the efficacy of valaciclovir in the treat-
ment of EH. We recommend a 7 day course of oral valaci-
clovir (3 x 500 mg/day) for EH treatment, which should be
prolonged according to the clinical course of the disease.*
Herpes prophylaxis with valaciclovir has been stud-
ied in a randomized, double-blind trial in a dosing reg-
imen of 1x 1000 mg/day, 500 mg/day and 250 mg/day
valaciclovir which produced a statistically significant
suppression of genital herpes recurrence, as did
2 x 400 mg/day aciclovir.3$40 Although there are no
data about prophylaxis of recurrent episodes of EH
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with valaciclovir, we would recommend valaciclovir in
a dosage of 2x 20 mg/day.

Penciclovir
Penciclovir is a nucleoside deoxyguanosine analogue that
inhibits the DNA synthesis of HSV. The safety profile and
antiviral activity spectrum of penciclovir is largely identical
to aciclovir. After entering the virus-infected cells, penci-
clovir is phosphorylated to its triphosphate state and is
inserted in the viral DNA in place of the nucleotide gua-
nine, thus inhibiting replication of the virus. While aciclovir
has a 100-fold higher inhibitory activity, this is compen-
sated by the longer intracellular half-life of penciclovir.
Penciclovir can be used either intravenously or topi-
cally. Intravenous penciclovir is not currently licenced
as treatment for HSV infections, but doses of
2 x 5 mg/kg/day were as effective as aciclovir in clinical
trials.** In topical formulations, penciclovir was found
to have a stronger effect in mucocutaneous HSV-
induced lesions than aciclovir.*® Penciclovir has not
been studied in EH patients.

Famciclovir

Famciclovir, the diacetate ester derivative of 6-deoxy-
penciclovir, is the oral prodrug of penciclovir. During
bowel passage, it is almost completely converted to penci-
clovir. In immunocompetent patients, famciclovir provides
comparable benefits to aciclovir in genital HSV infection.*®
Famciclovir has not been studied in EH, but a treatment
regimen of famciclovir 3 x 250 mg/day for at least 7 days
has been recommended for mild clinical courses of EH.*”

Foscarnet

Foscarnet is a phosphonate and acts as a substrate ana-
logue of pyrophosphate formed during viral DNA synthe-
sis. Phosphonates inhibit the viral DNA polymerase
independent of thymidine kinases and thus are the treat-
ment of choice for patients with aciclovir resistance.
Intravenous foscarnet was shown to be highly effective in
HIV patients with aciclovir-resistant HSV infection.*$
Though data about administration in EH are lacking, it
can be considered as an alternative therapy in rare cases of
aciclovir resistance. The currently recommended dosage in
HSV infections is intravenous foscarnet 3 x 40 mg/kg/day
for at least 10 days.*® There is no oral formulation of this
drug available. Slow infusion, extensive prehydration, and
dose adjustment based on creatinine clearance is recom-
mended because foscarnet is highly nephrotoxic.

Topical treatment of eczema herpeticum

There is no evidence that the additional use of topical
antiviral agents on the skin may improve the clinical
course of EH in comparison to systemic antiviral
chemotherapy alone. Yet, it makes sense to combine

systemic antiviral chemotherapy with topical antiviral
agents in HSV keratitis and in mucocutaneous lesions.

Ophthalmic therapy

Fortunately, patients with EH rarely suffer from
herpetic eye disease. However, in cases exhibiting her-
petic lid lesions and reduced corneal sensitivity, local
prophylactic treatment should be instituted to prevent
ocular complications such as epithelial and stromal
keratitis, uveitis, and secondary glaucoma.

Besides ophthalmic topical antiviral agents such as
trifluridine, idoxuridine, or brivudin, which belong to
the group of 5-substituted 2’-desoxyuridines, topical
formulas of the nucleoside analogue aciclovir have
been developed for the treatment of HSV-induced
epithelial keratitis. In HSV stromal keratitis and
uveitis, topical and systemic antivirals must be com-
bined with corticosteroids to suppress the associated
immune-mediated inflammation.

Trifluorothymidine 1% eyedrops as well as 3%
aciclovir ointment are typically instituted prophylac-
tically as well as in established epithelial keratitis.
Trifluorothymidine has been approved since 1962 and
shown to be highly effective in the treatment of herpetic
keratitis.*»0 However, to reach therapeutic levels fre-
quent application (7 —9 x/d) is necessary. Aciclovir oint-
ment 3—35x/d has also shown excellent efficacy with
resolution of typical dendritic corneal lesions within one
day of treatment.’! Moreover, good intraocular penetra-
tion of topically administered aciclovir is advantageous
over trifluorothymidine.’? Application of topical idox-
uridine (Ophthal®) also demonstrates good activity in
the treatment of ocular HSV infection but is less effective
than trifluorothymidine and aciclovir. Due to its sys-
temic toxicity it is strongly limited to topical usage.’3

Topical brivudin is not licenced yet, but its world-
wide approval is in progress. Studies showed a superior
efficacy of brivudin in the topical treatment of herpetic
keratitis with a more pronounced therapeutic effect
than idoxuridine or aciclovir.’*

Mucocutaneous lesions

Several studies have also shown an influence of topical
aciclovir in mucocutaneous HSV lesions.** These
ambiguous data, and the potency for contact sensitiza-
tion, possibly resulting in drug eruptions following oral
administration in sensitized individuals,* is why we do
not use aciclovir cream on the skin of EH patients.
Topical penciclovir could also be shown to be as con-
venient and as effective as 3% aciclovir ointment for
the treatment of mucocutaneous HSV lesions, with
even a tendency towards a shorter time of resolution of
all symptoms in patients treated with 1% penciclovir.*S



Topical foscarnet was found to be a good alternative
in the treatment of HSV-induced mucocutaneous
lesions in HIV patients resistant to aciclovir, or with
genital herpes.’¢57

The study results of topical interferon in HSV kerati-
tis or mucocutaneous lesions are promising but its top-
ical formula is not licenced yet.’®

Due to the lack of data about treatment of EH with
topical aciclovir, penciclovir, or foscarnet, and the
potency of contact sensitization, we do not add topical
antiviral agents to antiviral chemotherapy in EH except
in herpetic keratitis.

Vaccination techniques for EH prevention

A small percentage of EH patients tends to develop
recurrent episodes of EH. At present, the only way to
control this HSV reactivation is prophylactic antiviral
chemotherapy, usually with low-dose oral aciclovir.

New therapeutic approaches are currently being devel-
oped to enhance the immune response against HSV. In
guinea pig models, immunization with HSV-2 glycoprotein
or a mixture of the recombinant HSV-1 glycoproteins B and
D has been shown to reduce number and duration of recur-
rent genital HSV-2 infections or HSV-1 induced herpetic
keratitis.”” Human trials conducted with immunization
alone or immune response modifiers such as imiquimod or
resiquimod alone or a combination also showed promising
results for genital HSV infections.®®-¢2 Further investiga-
tions are needed to evaluate if immunotherapy may become
an effective method to prevent HSV infections and EH
recurrences in patients with AD.

Interferon therapy for eczema herpeticum

Many studies on interferons for the treatment of HSV
have been performed during recent years. Two main
types of IFN, type I and type II, are known: type I or
‘viral’ IFNs are secreted by PDC upon viral infection
and include TFN-o and IFN-B; type II IFN is IFN-y.
IFNs exhibit potent antiviral properties by the expres-
sion of IFN-stimulated genes (ISG) which inhibit virus
replication, and the production of virion progeny.®3
In clinical trials, [FNs were found to control HSV-1
spread and shedding in recurrent herpetic lesions and
could even inhibit HSV replication almost as well as
high-dose aciclovir.®*¢> Moreover, topical administra-
tion of a plasmid DNA encoding IFN-01 onto mouse
corneas prior to HSV infection suggests a possible
beneficial effect of IFN in HSV infection.’® Although
these studies show promising results, more have to be
performed to evaluate the efficacy and risks of interferon
therapy in disseminated HSV infection. Especially, it is
not clear how interferon may act in patients with AD as
it exhibits strong immunostimulatory effects.
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Atopic dermatitis: the role of fungi

Randolf BS Brehler, Melanic Mertens, and Thomas A Luger

INTRODUCTION

Atopic dermatitis (AD) is a chronic, itching, inflam-
matory skin disease with increasing incidence espe-
cially in countries with a Western lifestyle. Genetic
factors, immunodeviation, skin barrier defects and
exposure to allergens, air pollution, and other envi-
ronmental factors are postulated to be relevant for
the pathogenesis of this skin disease. Nevertheless so
far we do not have one consistent pathogenetic con-
cept of AD. There is increasing evidence that AD is
not only one entity; in this context an extrinsic form
of AD has been defined, which is characterised by
elevated serum IgE levels and immediate-type sensiti-
zation against environmental allergens. In contrast to
extrinsic AD, which can be triggered by exposure to
allergens and various other environmental factors,
the intrinsic form is characterized by normal serum
IgE levels and absent sensitization to aero-allergens.
But also in patients with the intrinsic form of AE IgE-
and T-cell-mediated reactivity against Malassezia sym-
podialis was found.

Staphylococcus aureus superantigens can trigger IgE
production and can induce skin inflammation. There is
increasing evidence that other microorganisms may
also be involved in the pathogenesis of AD. Significant
differences in the colonisation of the skin have been
observed between normal skin and the eczematous skin
of patients with AD.

The relevance of the skin flora for AD is indicated by:

e The efficacy of a topical treatment with antiseptics
such as clioquinol and triclosan.

e The efficacy of topically applied antibiotics such
as sulphonamides, gentamicin, and mupirocin.

e The efficacy of topically applied gammaglobulins.

e The efficacy of oral antibiotics and antimycotics in
controlled studies.

In this chapter we give an overview about the relevance
of fungi in the pathogenetic concepts of AD.

FUNGI WITH RELEVANCE FOR
ATOPIC DERMATITIS

In recent years evidence has grown that yeasts, especially
of the genera Malassezia and Candida can be relevant
for the pathogenesis of AD.!~

Many clinical studies demonstrate that the colonisation
of the skin and subsequent sensitization to Malassezia
yeasts can trigger skin inflammation and play a role in the
pathogenesis of AD. Malassezia yeasts are members of the
normal human cutaneous flora but on the other hand
these fungi are associated with different skin diseases such
as pityriasis versicolor, Malassezia folliculitis and sebor-
rhoeic dermatitis.

The concentration of yeasts on the skin must not neces-
sarily be increased in yeast-associated diseases; therefore
individual immunological or skin barrier alterations may
be primarily relevant for the development of the above-
mentioned diseases. Several studies demonstrate that
exclusively patients with AD are sensitized to these yeasts.
Sensitization was shown by skin tests with Malassezia
extracts and by the analysis of Malassezia-specific IgE
antibodies. Patients with head and neck AD (HNAD) are
especially sensitized to these microorganisms.

While the skin colonisation with Malassezia species
should be a trigger for AD, the gastrointestinal colonisa-
tion with Candida albicans may also be of relevance. Like
Malassezia from the skin, C. albicans can frequently be
cultivated from faeces of healthy individuals and sensitiza-
tion also to C. albicans was observed mostly in patients
with AD.

Information about the skin colonisation with Candida
yeasts is rare but there is evidence that this yeast can also
be isolated in a higher percentage from the skin of
patients with AD than from the skin of healthy controls.
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MALASSEZIA INFECTION IN ATOPIC
DERMATITIS

Nomenclature of Malassezia yeasts

Malassezia yeasts were first identified in the late 1800s
and in later studies different names have been used.
Because of two main forms of the yeasts, an oval and a
round form, their old names are Pityrosporum ovale
and Pityrosporum orbiculare. In the current nomencla-
ture the term Malassezia is favoured.

There are 7 different species of Malassezia (M. fur-
fur, M. pachydermatis, M. sympodialis, M. globosa,
M. slooffiae, M. restricta, M. obtusa) characterized by
biochemical and molecular methods, but the clinical
significance of each of these species is not clearly under-
stood. Epidemiological studies gave evidence that the
prevalence of the different Malassezia species vary
between healthy individuals and patients with various
skin diseases. On the other hand there was also a vari-
ation of the most commonly isolated species in differ-
ent countries.

Skin colonization with Malassezia

A great variation in the density and presence in various
skin locations has been reported. Highest concentrations
were found on the scalp and the upper trunk, lowest on
the hands.® The density of Malassezia yeasts decreases
with increasing age; on the other hand the number of
yeast cells is larger in adults compared to children.®”

The colonization of the skin with Malassezia was
analysed in 112 individuals suffering from seborrhoeic
dermatitis (20 of 39 were HIV-positive patients), pityria-
sis versicolor (18 patients), AD (18 patients), and 37
control patients without dermatological lesions. M. glo-
bosa was the most common species, isolated from 37.5%
of the investigated individuals, followed by M. sympodi-
alis in 31.3%, and M. furfur in 31.3%. In patients with
pityriasis versicolor and in HIV-positive patients M. glo-
bosa was predominant in 67% and 85% of the cases.
In non-HIV patients with AD or seborrhoeic dermatitis,
M. furfur and M. restricta were isolated in 72% and
26% of the cases, respectively. It has been concluded that
Malassezia species were present on the skin of patients
with and without dermatological diseases. Malassezia
globosa especially was found in a high frequency on the
skin of patients with dermatological disorders suggesting
a higher pathogenicity of this species.®

Specific IgE antibodies to Malassezia

Specific IgE antibodies to Malassezia have been analysed
in several clinical trials and were found in 20-100% of
the analysed serum samples. The prevalence was highest
in adults with HNAD, lower in adults with AD in other

Table 7.1 Specific IgE antibodies to Malassezia in
different populations. (Modified from Bayrou O,
Pecquet C, Flahault A et al. Head and neck atopic
dermatitis and Malassezia-furfur-specific IgE
antibodies. Dermatology 2005; 211: 107-13.)
Author Population Positive %
Johansson et al® AD children 19
Wessels et al'® AD 49
Atopy, no AD 3.7
Jensen-Jarolim HNAD 35
etall
Broberg et al'? AD, patients 14
0-21 years old
Atopy but no AD 3
Lindgren et al'3 AD, children 21.8
4-16 years old
Back et al'4 AD 44
Kawano et al'® AD 77
Nissen et al'® AD 93
Scalabrin et al'” AD adults 65
AD children 13
Kim et al'® HNAD 68
Devos et al'® HNAD 100
Non-HNAD 13.6
Mayser et al?® HNAD 55
Generalised AD 34
AD of the extremities 10
Johansson et al?! HNAD 55
Non-HNAD 19
Arzumanyan et al?2  AD 28
Bayrou et al* HNAD 100
Non-HNAD 28
Contact eczema 0
Seborrheic dermatis 6.25

localisations and lowest in children (Table 7.1). The
localisation of AD was included only in a few studies,
but all of these trials reported a high prevalence of sensi-
tization to Malassezia, especially in HNAD.

Patients with other skin diseases were sensitized to
Malassezia species only in single cases.

In the study from Bayrou specific IgE to Malassezia
was found in all 106 serum samples of patients with
HNAD, in 7 of the 25 patients with AD in other local-
isations, in 1 of 16 patients with seborrhoeic dermatitis
and in none of the patients with contact dermatitis. A
strong correlation was found between the severity of
HNAD and specific IgE levels. Specific IgE antibodies
to Malassezia were a very good and specific marker of
HNAD in this study.*
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Table 7.2 Skin prick tests to Malassezia in
different populations. (Modified from Bayrou O,
Pecquet C, Flahault A et al. Head and neck atopic
dermatitis and Malassezia-furfur-specific IgE
antibodies. Dermatology 2005; 211: 107-13.)

Author Population Positive %
Clemmensen HNAD 32
etal®
Waersted et al?* HNAD 28
Non-HNAD 6
Young et al?® AD 59
Atopy, no AD 0
Kieffer et al2® HNAD 79
Non-HNAD 45
Seborrheic dermatitis 0
Rokugo et al?” AD<10 years 39
AD>10 years 64
Broberg et al'2 AD 0-21 years 23
Atopy, no AD 0
Broberg et al?® HNAD 14-53 years 55
Non-HNAD 15
Tanaka et al?® AD 40
Nissen et al'® AD 60
Kim et al'® HNAD 45
Devos et al'® HNAD 13.5
Non-HNAD 86.5
Johansson etal®®  HNAD 56
Non-HNAD 36
Seborrhoeic dermatitis 0
Healthy controls 0
Khosravi et al®* AD 49.6
Healthy controls 6.7

Skin prick tests with Malassezia

Positive skin prick tests with Malassezia extracts were
found in a range between 13.5-79% of patients with
AD (Table 7.2). Only a minority of patients without
AD, including patients with Malassezia-related skin
diseases like seborrhoeic dermatitis, were sensitized.
Immediate-type sensitization to Malassezia species
is therefore almost exclusively found in patients with
AD. Nevertheless the concentration of these yeasts was
found to be higher on the skin of healthy volunteers
and patients with skin diseases other than AD. This
indicates that Malassezia itself is not a pathogen in AD,
but the interaction of microorganisms with the immune
system of patients with AD may be altered. Barrier
destruction may be a primary defect of the AD skin and
thus may enhance the penetration of yeast allergens

Table 7.3 Patch tests with Malassezia

allergens in different populations

Author Population Positive %

Tengvall- AD 53.3

Linder et al®°
Seborrhoeic dermatitis 0
Healthy controls 0

Rokugo et al?” AD 64
Healthy controls 3

Kieffer et al2® AD 13
Seborrhoeic dermatitis 0
Healthy controls 0

Johansson etal?’  AD 37.8
HNAD 41
Seborrhoeic dermatitis 71
Healthy controls 0

through the skin. Therefore a skin barrier defect may be
responsible for sensitization to this species of microor-
ganisms which belongs to the normal skin flora.

Atopy patch test with Malassezia

Atopy patch testing with aero-allergens is an established
diagnostic procedure and a positive test demonstrates that
AD can be aggravated due to exposure to aero-allergens. In
this context house the dust mite, especially, is a frequent
trigger factor for AD in previously sensitized patients.

Malassezia allergens were used in atopy patch tests
(APT) in a few clinical studies (Table 7.3). Positive test
results were observed in patients with AD. These patients
had significantly higher Pityrosporum orbiculare-specific
IgE serum levels.3? All healthy controls were negative in
patch tests with Malassezia extracts in this study.

In a second study recombinant Malassezia allergens
(Mal s 1, Mal s 5, and Mal s 6) were used in addition to M.
furfur extract:*! 67% of 132 patients with mild to severe
AD were positive, while 13 of 14 patients with seborrhoeic
dermatitis and all 33 healthy controls were negative.

In conclusion there is evidence that Malassezia can
induce eczematous reactions in already sensitized
patients with AD and can play therefore a role as a trig-
ger in eliciting and maintaining eczema. It may be
advisable to add Malassezia allergens to the APT panel.

Other immunological responses to
Malassezia

Malassezia can stimulate keratinocytes to produce inflam-
matory cytokines such as TNF-o,, IL-6, and IL-8.3! The
maturation of dendritic cells can be induced by Malassezia
and can therefore induce an increased production of
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TNF-a, IL-1B, and IL18 in these cells.?>33 Aspres et al
summarized the mechanisms of Malassezia yeasts in the
pathogenesis of AD. Malassezia yeasts trigger a variety of
immunological mechanisms by the stimulation of specific
IgE antibodies and the stimulation of allergen specific
T cells. IgE-associated activation of allergen-specific T cells
stimulates cell-mediated immune responses, mainly involv-
ing TH, cytokine expression. This could be augmented by
immediate-type hypersensitivity responses from direct
stimulation of IgE-bearing cells and additionally through
Malassezia-induced complement activation and the
release of cytokines by keratinocytes. These mechanisms
could cause itch; scratching leads to further skin barrier
dysfunction and skin inflammation. A continuous expo-
sure to Malassezia allergens could then be responsible for
repeated triggering of the host immune system.3*

CANDIDA INFECTION IN ATOPIC
DERMATITIS

More than 50 different Candida species have been
characterized and many of these species can be isolated
from human sources but only a few are dominant.
Candida can be isolated from normal skin but is more
frequently present in the gastrointestinal tract and on
mucous membranes. Candida colonisation does not
imply illness; Candida is present in up to 65% of
asymptomatic individuals.3® Skin diseases like immune
deficiency, diabetes mellitus, hormonal dysfunction,
and the use of drugs like oral antibiotics and cortico-
steroids predispose to infections with Candida yeasts.

Candida colonization and atopic dermatitis

It has been reported that Candida species especially
Candida albicans can be cultivated more frequently
from normal and lesional skin of patients with AD
than from healthy controls.3%-3¢ More important is the
colonization of the gastrointestinal system with Candida
yeasts, which has been demonstrated in 70% of patients
with AD and in 54% of healthy controls.3”

Sensitisation to Candida albicans

Skin prick tests with C. albicans extract have been per-
formed in several clinical studies and were found to be
positive in 22 to 94% of patients with AD. Furthermore
the number of positive patients correlated with the
severity of the skin disease (Table 7.4).

Specific IgE to Candida

Specific IgE antibodies to C. albicans extracts were
found in the range between 25-88% of patients

Table 7.4 Skin prick tests with Candida extracts

in different populations

Author Population Positive %

Savolainen et al® AD 52
Allergic rhinitis 22
Healthy controls 5

Kortekangas- Severe AD 94

Savolainen Moderate AD 76

et al® Mild AD 25
Allergic rhinitis 8
Healthy controls 2

Tanaka et al?® AD 30
Healthy controls 10

Nissen et al'® AD 27

Table 7.5 Patch tests with Candida

allergens in different populations

Author Population Positive %

Tanaka et al?® Healthy controls 86
AD 49

Matsumura et al*2  Healthy controls 84
Respiratory disease 90
AD 34

with AD.1416:17,29,38,4041-46 A cross-reactivity between
allergens from C. albicans and Malassezia was described
by Doeckes et al.*0 As a result of inhibition tests they
postulated a primary sensitization to Malassezia and a
secondary IgE reactivity to C. albicans allergens due to
cross-reactive IgE antibodies.

Delayed-type hypersensitivity to
Candida albicans

Patch tests or scarification patch tests with C. albicans
were performed in some clinical studies. Positive results
were observed in fewer patients with AD compared to
healthy controls and patients with respiratory diseases
but without AD (Table 7.5). In lymphocyte stimulation/
transformation tests (LTT) the stimulation of PBMC
from donors with AD to C. albicans allergens was
significant lower compared to cells from healthy
controls.?’
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Table 7.6 Treatment of AD patients with antifungal drugs. (Modified from Faergemann J. Atopic dermatitis
and funghi. Clin Microbiol Rev 2002; 15: 545-63.)
Author Duration Treatment Design Results
Ikezawa et al*’ 8 weeks Oral itraconazole/ Crossover study Active > probiotics
probiotics
Svejgaard et al*® 1 week Oral itraconazole Double blind Active > placebo
Béck et al*® 3 months Oral itraconazole Double blind Active = placebo
Clemmensen et al?® 4 weeks Oral ketoconazole Double-blind crossover Active > placebo
Back et al'4 4 months Oral ketoconazole Open Active > placebo
Morita et al*® 3 months Oral ketoconazole or Open Ketoconazole =
oral fluconazole fluconazole
Lintu et al®° 30 days Oral ketoconazole Double blind Active > placebo
White et al5! Topical hydrocortisone + Open Active > placebo
miconazole
Broberg et al®? 4 weeks Topical hydrocortisone + Double blind Active = placebo
miconazole
Mayser et al%® 28 days Topical ciclopiroxolamine Double blind Active > placebo

Both test systems demonstrate that the C. albicans-
specific T cell does not seem to play a role in the patho-
genesis of AD.

It was concluded that persistent exposure to C.
albicans leads to the development of immediate-type
hypersensitivity and a decrease or loss of delayed-type
hypersensitivity to this allergen.

ANTIFUNGAL TREATMENT OF PATIENTS
WITH ATOPIC DERMATITIS

The yeast colonization of the skin can be reduced by a
topical antifungal treatment; a systemic therapy also
reduces yeast on mucous membranes. The efficacy of
an antifungal treatment in AD patients was studied in a
few clinical trials which are summarised in Table 7.6.

In most clinical trials a systemic antifungal treatment
was effective and reduced the severity of AD. Unspecific
anti-inflammatory effects of the drugs used are quite
possible and the efficacy of antifungal treatment in AD
may not be related to the reduction of yeasts.

CONCLUSION

There are conflicting data in the literature about the
role of fungi in AD. The colonization of the skin with
Malassezia species, the subsequent sensitization to this
yeast, and positive patch tests with Malassezia extracts

in patients with AD are not convincing proofs for the
relevance of this yeast in the pathogenesis of AD; it
could be a result of the skin barrier defect in these
patients. On the other hand phylogenetically con-
served allergen structures such as manganese superoxide
dismutase (MnSOD) are present in fungi and in human
cells. Interestingly, IgE- and T-cell-mediated reactivity
against Malassezia was found in patients with extrin-
sic as in patients with intrinsic AE and occurs specifi-
cally in AE patients.’ In a subset of patients with AD
sensitization to Malassezia, MnSOD should result in
enhancing skin inflammation due to a molecular mim-
icry and cross-reactivity between fungal and human
proteins.’3 Therefore fungi are not causative for the
development of AD but may aggravate the skin disease
in some patients. New double-blind, placebo-con-
trolled clinical trials with sufficient numbers of
patients with well-characterized AD must clarify
which patients with AD have a significant benefit from
an antifungal therapy.
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Role of food allergens in atopic dermatitis

Ralf G Heine, David J Hill, and Clifford S Hosking

INTRODUCTION

Atopic dermatitis (AD) is a chronic relapsing inflam-
matory skin disorder associated with increased serum
IgE levels and sensitization to food or environmental
allergens.’> AD affects between 10-21% of young
infants’>~ and is associated with a significant financial
burden.® There is often a family history of allergic dis-
eases, highlighting the importance of genetic factors in
the pathogenesis of AD.710

Over the years, many studies have examined the
association of AD and food hypersensitivity in children
and adults.!™* The role of hypersensitivity to food
antigens in the induction and maintenance of AD has
remained an area of controversy. Several reviews by
dermatologists have concluded that IgE food allergy
affects only a minority of patients with AD,46-48
whereas Sampson reported that 74% of selected chil-
dren with AD deteriorated clinically on formal food
challenge.* The Melbourne Atopy Cohort Study
(MACS) has demonstrated a close association between
both conditions, particularly in infants with severe
AD.27 In older children and adults, this association is
less well defined, as IgE-mediated food allergies are less
common than in infancy.*°

Our understanding of the mechanisms and clinical
manifestations of food allergies has improved in recent
years.’1»2 In this review, the terms ‘food allergy’ and
‘food hypersensitivity’ will be used to indicate an
adverse clinical reaction due to the interaction of food
proteins with one or more immune mechanisms.’-*3
‘Food intolerance’ is the result of non-immunological
reactions to foods or food additives. Apart from the
immediate-type IgE-mediated manifestations, other
non-IgE mediated forms of food allergy with a delayed
onset have been characterized.’>>* This chapter will
review the role of IgE- and non-IgE mediated food
hypersensitivity in the pathogenesis of AD.

PREVALENCE OF FOOD ALLERGY

In recent years, the prevalence of atopic diseases and
food allergies appears to have increased in many
Western countries. Food allergy has its greatest inci-
dence in infancy and early childhood.’’ It is estimated
that about 8% of children will develop adverse reac-
tions to food, most of them in the first year of life.’! The
prevalence of food allergy varies between regions and
appears to be influenced by cultural and genetic fac-
tors.> For example, hypersensitivity to cow’s milk and
egg is uncommon in Southeast Asia, whereas peanut
hypersensitivity is uncommon in Malaysia, Japan and
the Philippines.** Conversely, shellfish hypersensitiv-
ity is common in children from the Philippines and
Singapore where it is part of the diet from early infancy,
but it is uncommon in Western children.

Despite the overall increase in the incidence of food
allergies in Western countries, the spectrum of food
allergens has remained relatively unchanged over the
past decade, and sensitization to minor food allergens
has remained uncommon.'* In children, seven food
items account for about 90% of allergic reactions to
foods. These include cow’s milk, egg, peanuts, soy-
beans, wheat, fish, and tree nuts.’® The majority of
children will develop tolerance to these food items by 3
years of age, with the exception of peanuts and tree
nuts. In adults, IgE mediated food hypersensitivity is
much less common. The main food allergens in adults
are peanuts, tree nuts, fish, and shellfish (Table 8.1).

The prevalence of cow’s milk allergy (CMA)
in Australian infants under 2 years of age is 2.0% -
second only to egg allergy (3.2%) (Table 8.2).57
Prevalence figures for food allergy in that study were
similar to those reported from other cohorts.’$%° In
adults, IgE-mediated food allergy is relatively uncom-
mon. A recent Australian study investigated 1141 ran-
domly selected young adults between 25-40 years of



86 TEXTBOOK OF ATOPIC DERMATITIS

Table 8.1 Major food allergens in children and
adults. (Reproduced from Burks W, Helm R,
Stanley S et al. Food Allergens. Curr Opin
Allergy Clin Immunol 2001; 1: 243-8.)

Infants and children Adults
Cow’s milk Peanut
Egg Tree nuts
Peanut Fish
Tree nuts Shellfish
Soy

Wheat

Fish

Table 8.2 Prevalence of allergy to common food
proteins in Australian infants. (Reproduced from
Hill DJ, Hosking CS, Zhie CY et al. The frequency of
food allergy in Australia and Asia. Environ Toxicol
Pharmacol 1997; 4: 101-10.)

Egg 3.2%

Cow’s milk 2.0%

Peanut 1.9%

Sesame seed 0.42%
Cashew nut 0.33%
Hazelnut 0.18%
Walnut 0.16%
Brazil nut 0.07%
Almond 0.02%
Wheat 0.15%
Soy 0.10%
Fish 0.07%

age.’? The overall prevalence of probable food allergies
to cow’s milk, egg white, peanut, shrimp, or wheat
was 1.3%. Peanut allergy was associated with a history
of asthma or eczema, but firm conclusions could not
be drawn possibly due to the relatively small number
of affected subjects in that study. Similarly, a Spanish
study of 3034 patients over 14 years found a
prevalence for food hypersensitivity of 0.98%.0 In
that study, fruit and seafood were the predominant
allergens, whereas allergy to cow’s milk and egg was
uncommon.

GENETIC FACTORS AND ATOPIC
DERMATITIS IN FOOD ALLERGY

Susceptibility for AD is most probably determined by a
complex interaction of genetic and environmental fac-
tors.” It has been shown that children of parents with
AD have a higher risk of inheriting this condition, com-
pared with offspring of parents with asthma or rhinitis,
suggesting the presence of disease-specific genetic fac-
tors for AD.®! Further evidence for the importance
of inherited factors has been gained from twin studies
showing a concordance rate for monozygotic twins of
72%, compared with 23% for dizygotic twins.®?

The search for candidate genes is hampered by the
genetic complexity of AD, asthma, and atopy in general.
Several strategies have been developed to unravel the
genetic basis of AD, including gene linkage and associa-
tion analysis. The recent completion of the first draft of
the human genome has provided a large database of
microsatellite genetic markers that can be utilized for link-
age dysequilibrium studies between marker and disease. In
order to maximize the chances of identifying specific genes
involved in the pathogenesis of AD, Forrest et al studied a
homogeneous group of infants with early-onset severe
AD.!0 However, to date no single gene has been identified
as the gene responsible for the development of AD.

Several molecules are closely involved in the allergic
response. These can be mapped to several chromoso-
mal regions of interest which, in turn, can be further
examined for gene polymorphisms. Examples for these
candidate regions include the chromosomal regions
5931 (interleukin (IL) gene cluster), 6p21 (major histo-
compatibility complex), 7q35 (T cell receptor B sub-
unit), 11q13 (high affinity FCE receptor), 12q14
(interferon vy), 14q11 (T cell receptor o subunit and
mast cell chymase) and 16p12 (IL-4 receptor).® One of
the regions that has attracted significant interest is the
IL gene cluster on chromosome 5. This area has previ-
ously been linked to IgE production in adults with res-
piratory diseases.®> Three polymorphisms in the
IL-4 gene have to date been identified. Elliott et al’
recently studied the association of polymorphisms
within the promoter region of IL-4 with AD in a cohort
of nuclear families with early-onset AD. A new poly-
morphism, —34C/T, was identified and studied with a
known polymorphism, —590C/T. Neither polymor-
phism appeared to predispose to early-onset AD by
itself, although suggestive linkage was found for the
experimental —590C/-34C haplotype.’ Further studies
in humans and animal models may provide further
insight into the genetic basis of AD and may ultimately
lead to new therapies, such as topical administration of
therapeutic antisense RNA molecules. A detailed
review of the genetics of AD is provided in Chapter 2.



Table 8.3 Common food allergens. (Modified
from Burks W, Helm R, Stanley S et al.

Food Allergens. Curr Opin Allergy Clin
Immunol 2001; 1: 243-8.)

Molecular
Food item Protein mass [M ]
Cow’s milk Caseins
o,-casein 27 000
o,-casein 23 000
B-casein 24 000
K-casein 19 000
y-casein 21 000
Whey proteins
B-lactoglobulin 36 000
a-lactalbumin 14 400
Bovine serum
albumin (BSA) 69 000
Egg white Ovomucoid (Gal d 1) 28 000
Ovalbumin (Gal d 2) 45 000
Ovotransferrin/
conalbumin (Gal d 3) 77 000
Lysozyme (Gal d 4) 14 300
Peanut Vicilin (Ara h 1) 63 500
Conglutin (Ara h 2) 17 500
Glycinin (Ara h 3) 56 000
Soy bean Glym 1 34 000
Trypsin inhibitor 20 500

COMMON FOOD ALLERGENS IN
CHILDREN AND ADULTS

More than 50 food allergens have been characterized.’®
In general, high-protein foods are considered to be more
allergenic. Certain molecular characteristics of a food
protein are believed to determine its allergenic proper-
ties. Most food allergens are water-soluble glycoproteins
that appear to be particularly resistant to food process-
ing, cooking and digestion.®* The main protein antigens
for each food allergen are summarized in Table 8.3.

Cow’s milk

Cow’s milk proteins can be divided by acid precipitation
into caseins (milk solids) and soluble whey proteins.
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Casein constitutes 80% of cow’s milk protein and is
considered the major allergen. Its most abundant form,
o.,-casein, is the basis for most cow’s milk-based infant
formulae. Several major and minor binding epitopes
for IgE and IgG have been mapped on o,,-, B- and
K-casein.®%¢ Another major allergen is the whey protein
B-lactoglobulin. This protein is relatively resistant to
gastric acid which may explain its properties as a food
allergen. Jarvinen et al demonstrated IgE and IgG binding
epitopes on both major whey proteins, B-lactoglobulin
and orlactalbumin.®”

About 80% of cow’s milk allergic infants will
develop tolerance to cow’s milk by 3 years of age, and
CMA s relatively uncommon in older children and
adults.®%%7 Several specific allergenic epitopes on casein
and whey proteins appear to be predictive of long-term
persistence of CMA beyond childhood and may
become useful prognostic markers in the future. High
levels of specific IgE antibodies to linear epitopes from
o,,- and B-casein also have been found to be predictive
for persistence of CMA.”0

Egg

Sensitization to chicken eggs is common in children with
AD. About 50% of egg allergic infants will develop
tolerance in early childhood.”! In general, egg white rep-
resents the albumin fraction of the egg and appears to
be more allergenic than the yolk. Proteins in egg white
include the allergens ovalbumin (Gal d 2), ovomucoid
(Gal d 1), ovotransferrin (Gal d 3), ovomucin, and
lysozyme (Gal d 4). The glycoprotein ovomucoid
(Gal d 1) has been identified as the major allergen in egg
white.”? Previously, ovalbumin (Gal d 2) was considered
the main egg allergen.”?

Peanut

Peanuts are one of the most allergenic foods and are
often implicated in food-induced anaphylaxis’? that
may, rarely, be fatal.”* Unlike other food allergies,
peanut hypersensitivity usually persists into adult
life.”>~77 The main peanut allergens were first discov-
ered in sera from patients with AD.”%”% Ara h 1, one of
the seed storage proteins in peanut, is considered the
major allergen.”® Ara h 1 has been sequenced, and at
least 23 specific IgE binding epitopes identified. Two
other major peanut allergens, Ara h 2 and Ara h 3, have
also been characterized.”-89

Soy

Soy bean is a member of the legume family, and there is
significant cross-reactivity with other legumes, including
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peanut and peas. About 15% of infants with IgE-mediated
cow’s milk allergy are also sensitized to soy protein.’!
Several soy bean allergens have been characterized. Gly m
1 is a protein in the 7S fraction of the peanut globulins
with several soy bean-specific IgE binding epitopes. The
Kunitz soybean trypsin inhibitor is considered a minor
soy allergen.$2

Fish

Codfish allergy is common in North America and
Scandinavia. Most patients with fish allergy are
sensitized to the main codfish allergen, Gad ¢ 1. This
allergen is a small calcium-binding protein (parvalbu-
min) found in fish and other vertebrates.$>-3* Five IgE
epitopes have been identified on Gad ¢ 1. Several of
the IgE epitopes on parvalbumin are also present in
other fish species, explaining why patients are often
sensitized to several species of fish.%’

Shellfish

In general, crustaceans (e.g. shrimp, crab, crawfish) appear
to be more allergenic than molluscs (e.g. oysters, scallops).
Tropomyosin (Pen a 1) is the only major allergen in
shrimp, representing 20% of total protein. Inmunological
similarities have been demonstrated between crustaceans,
cockroaches, and house dustmite, implying tropomyosin
as a possible pan-allergen.’® Several IgE epitopes on
tropomyosin have been identified, showing some variabil-
ity between individuals. Although there is frequent in-vitro
cross-reactivity between crustaceans and molluscs, this
does not appear to be associated with significant clinical
cross-reactivity.®

PATHOPHYSIOLOGY OF FOOD ALLERGY

After birth, the gastrointestinal system of the newborn is
exposed to food proteins in breast milk as well as envi-
ronmental bacteria. This represents a dramatic change
compared with conditions in utero where the gut was
perfused with swallowed amniotic fluid that is sterile
and free of antigens.?¢ There is even some evidence sug-
gesting that IgE sensitization may occur as early as dur-
ing the foetal period.8¢-37 The gastrointestinal system
has several barrier mechanisms to protect the newborn
infant from microbial invasion, including gastric acid,
proteolytic digestive enzymes, epithelial tight junctions,
a protective mucus layer and, most importantly, the
mucosal local immune system.®$ In order to avoid
immune reactions against food antigens, the gastroin-
testinal immune system has the ability to down-regulate
its responsiveness towards ingested soluble food anti-
gens. This phenomenon is called ‘oral tolerance’.

Food allergies in infancy can be conceptualized as a
failure or impairment in developing oral tolerance. The
pathological mechanisms involved in the development
of oral tolerance and factors leading to food antigen
sensitization are not completely understood.®’ The
dose and frequency of exposure as well as biological
characteristics of antigens are likely to affect the devel-
opment of oral tolerance. Oral tolerance involves pre-
dominantly the down-regulation of T helper-1 (Th1)
responses and of cell-mediated immunity. CD4+ lym-
phocytes have been shown to play an integral part in
the induction and maintenance of oral tolerance.”® The
deviation from a Thl- to Th2-predominant immune
response is believed to be mediated by cytokines such
as TGF-B, which is derived from Th3 lymphocytes in
the gut. IL-4 and IL-10 are also of likely importance in
the mediation of oral tolerance.’! Factors that may pre-
dispose to impaired oral tolerance include increased
antigen uptake, decreased production of secretory IgA,
and an imbalance in the Th2 response.®® Early intes-
tinal inflammation may also predispose to food antigen
sensitization due to increased gut permeability and
mucosal antigen uptake.

There is increasing evidence that maternally ingested
antigens, such as cow’s milk, egg, and peanut, are
secreted into human milk and may sensitize the
breast-fed infant.”>*> Multiple food sensitization has
been described in breast-fed infants.”® Immunological
host factors are likely to mediate the infant’s risk of
sensitization to food allergens through breast milk.
Transforming growth factor-beta (TGF-B) is considered
a key molecule in promoting development of oral
tolerance. During early infancy, breast milk is the
main source of TGF-B. Kalliomiki et al found that
TGF-B promotes specific IgA production in human
colostrum.®” IgA antibodies in human milk have a pro-
tective effect on sensitization to food allergens as they
may prevent antigen entry at the intestinal surface of
infants. In a study of 87 breast-fed infants, IgA concen-
trations in colostrum and human milk were significantly
lower in mothers whose infants developed CMA in the
first 12 months of life.”8 Other factors that may mediate
the immune response to ingested food antigens include
regulatory lymphokines such as TNF-o. and IFN-y.?

Timing of allergic reactions in relation to
food intake

Clinical manifestations after challenge with food aller-
gens may develop immediately after intake, but may
occur as late as 24-48 hours after ingestion.?® Three
clinical patterns of food allergic reactions can be identi-
fied: immediate, intermediate, and late-onset reactions.
Different pathophysiological mechanisms and clinical
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Figure 8.1 Onset of allergic reactions in relation to ingested volume of cow milk Reproduced from Hill DJ,
Hosking CS, Heine RQ. Clinical spectrum of food allergy in children in Australia and South-East Asia:
identification and targets for treatment. Ann Med 1999; 31: 272-81.

manifestations are associated with each type of reaction.
Figure 8.1 illustrates the different timing of allergic reac-
tions in infants with CMA.

Immediate reactions are usually IgE-mediated and
present within minutes of exposure to food antigens.
Manifestations range from the oral allergy syndrome,
angiooedema, urticaria to bronchospasm and anaphy-
lactic shock.’?> The intermediate group reacts within
1-24 hours after ingestion and presents predominantly
with gastrointestinal symptoms, including vomiting
and diarrhoea. They do not exhibit features of IgE sen-
sitization.?® The late group, with symptoms occurring
from 24 hours up to 5 days after cow’s milk challenge,
presents with flares of AD or development of cough
and wheeze. This group shows variable degrees of IgE
sensitization and has evidence of allergen-specific T-cell
proliferation,26-2%,100,101

In infants with AD, the presence of non-IgE-medi-
ated mechanisms appears to be of pathophysiological
importance.'92 Schade et al provided evidence of T-cell
activation in infants with CMA and AD.!% In a cohort
of infants with AD, all had evidence of specific T-helper
cell reactivity to major cow’s milk proteins. However,
infants with clinical CMA showed a Th, predominant
cytokine profile (high levels of 1L-4, IL-5, and 1L-13)
whereas infants without CMA had a Th;-skewed
response (high level of TFNy, low IL-4, IL-5, and IL-
13). This study inferred that antigen-specific Th, cells
may mediate the skin manifestations of children with
AD and CMA.

ROLE OF FOOD ALLERGENS IN
ATOPIC DERMATITIS

Food allergy is usually the earliest manifestation of
atopy and may affect both breast- and formula-fed
infants.>*2 Early sensitization to food allergens is typ-
ically transient and followed by inhalant sensitization,
as demonstrated by the appearance of specific serum
IgE antibodies to inhalant allergens or positive skin
prick tests (SPT).104105 This chapter will focus predom-
inantly on the role of food allergens in AD, as the role
of inhalant allergens will be discussed in Chapter 9.

Several studies have examined the relationship
between AD and food hypersensitivity. In an early
study by Sampson and McCaskill,3® children with AD
were evaluated for the presence of food allergies by
double-blind  placebo-controlled food challenges
(DBPCFC): 85 (84%) children developed skin symp-
toms; of 113 children (median age 6 years, range 4
months to 24 years), 63 (56%) developed either skin,
gastrointestinal, or respiratory symptoms in response
to food challenge. Egg, peanut, and cow’s milk
accounted for 72% of all hypersensitivity reactions.
The study showed that children with positive food
challenges were younger than those without (median
age 4.7 years vs 7.7. years), highlighting the possibility
that the older children may have developed tolerance to
food antigens.

Burks et al!! performed a similar study in 46 children
(mean age 5.7 years, range 9 months to 19 years) with
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AD, using DBPCFC and SPT as the basis of their
assessment for food allergies. They found that 28
(61%) children had positive skin tests to at least 1
food item. Again, egg, peanut, and milk accounted for
the majority (78%) of food reactions. The authors
concluded that the assessment for food allergies
should be included in the management of persistent
AD. A subsequent study by the same group has con-
firmed these results and has identified 7 important
food items which accounted for 89% of positive chal-
lenges, including cow’s milk, egg, peanut, soy, wheat,
fish, and cashew nut.!?

Eigenmann et al' studied the prevalence of food
allergies in 63 children (median age 2.8 years) with
moderately severe AD. Patients were screened for food-
specific serum IgE antibodies to the six most common
food allergens in childhood: milk, egg, wheat, soy,
peanut, and fish. Patients were investigated for allergies
by food-specific IgE levels and food challenge. Of 41
patients with positive specific IgE values, 31 were eval-
uated further, of whom 19 underwent a total of 50
food challenges (36 double-blind, placebo-controlled,
and 14 open). Overall, the prevalence of clinically sig-
nificant IgE-mediated food hypersensitivity was 37%.

In our study of 620 Australian infants (MACS) with
a positive family history of food allergy, the association
between sensitization to common food allergens and
the presence of AD was prospectively evaluated.?’ In
this cohort, the frequency of IgE-mediated hypersensi-
tivity to cow’s milk, egg, and peanut was assessed by
skin prick testing in 559 infants under 16 months of
age. Significantly more infants with AD had positive
skin prick tests (>6 mm weal) to cow’s milk, egg, or
peanut, compared to those without AD. Sensitization
to multiple food antigens was common (Table 8.4).
The calculated attributable risk for IgE-mediated food
allergy as a cause of AD was 65% at 6 months, and
62% at 12 months. In the infants with severe AD, 83%
had evidence of food sensitization at 6 months, and
65% at 12 months. Based on these results, infantile
eczema is commonly associated with IgE-mediated
hypersensitivity to foods, particularly in infants with
clinically significant AD (Table 8.5).

The studies by Sampson et al,>® Burks et al'»'2 and
Eigenmann et al'® demonstrated a lower prevalence of
food allergies in AD, compared with the MACS cohort
of young infants. Based on these observations it has
become clearer that transient food allergies affect
patients with AD mainly in the first 2 to 3 years, but
particularly in the first 12 months of life, associated
with sensitization to environmental and inhalant aller-
gens. These may, in turn, contribute to ongoing skin
symptoms later in older children and adults. A study of
45 adults with AD revealed sensitization to inhalant

allergens in most patients, including grass pollen, house
dust mite, and cat epithelium, and sensitization to food
allergens was uncommon.?® Given the relative infre-
quency of IgE food allergy in adults it is not surprising
that food hypersensitivity is only considered to be of
minor importance in adults with AD.

ANIMAL MODELS OF ATOPIC DERMATITIS

Several mouse models of food allergy and AD have
been developed recently.196-198 These mouse models
may be useful in exploring the pathophysiology of food
allergy and developing new experimental treatments or
vaccines. The first mouse model of IgE-mediated CMA
successfully mimicked some of the clinical features
observed in humans.!% In the following year, a model
of peanut allergy and anaphylaxis was developed by
the same group.!%® This model successfully sensitized
mice to the major peanut allergens, and specific IgE
antibodies to Ara h 1 and Ara h 2 were induced.

These sensitized mice also developed systemic symp-
toms similar to anaphylaxis on subsequent oral peanut
exposure. Based on these models of IgE cow’s milk and
peanut allergy, a murine model of AD has recently been
described.!®” Mice sensitized to cow’s milk or peanut
were subjected to low-grade allergen intake. About
one- third of mice developed an ezcematous eruption
that histologically resembled AD. The lesion was posi-
tive for CD4+ lymphocytes, in keeping with AD. These
findings provide further evidence for the importance of
food allergens in the pathogenesis of AD and may pro-
vide new insights into the immunopathogenesis of AD.

DIAGNOSTIC INVESTIGATION

Double-blind placebo-controlled food
challenge

Double-blind placebo-controlled food challenge (DBPCFC)
is the definitive test for CMA.*3:10%110 DBPCFC, however,
is resource-consuming and not without risks. Several stud-
ies have therefore examined to what extent specific serum
IgE antibody, skin prick, or atopy patch testing (ATP) can

replace formal food challenges in the diagnosis of food
allergjes.32:3441,111-120

Food-specific IgE antibodies

Food antigen-specific IgE antibodies have been shown
to be a useful tool in the assessment of immediate-type
food allergy.*1.7L111-113 Gampson et al*! measured
food-specific IgE antibodies in serum samples from 196
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Table 8.4 Frequency of IgE-mediated food allergy in infants with atopic dermatitis (AD). (Reproduced from
Hill DJ, Hosking CS, Heine RG. Clinical spectrum of food allergy in children in Australia and South-East Asia:
identification and targets for treatment. Ann Med 1999; 31: 272-81.)

6 months of age MACS*

12 months of age MACS*

No. of foods the

subjects were No AD AD Severe ADt No AD AD Severe ADt
allergic to n (%) n (%) n (%) n (%) n (%) n (%)

0 382  (95) 97 (78) 7 (17) 350  (89) 77 (64 10  (35)
1 16 ) 24 (19) 13 (32) 31 (8) 31 (26) 10  (34)
2 4 (1) 3 (2 13 (32) 13 (3) 11 (9) 5  (17)
3 0 (0) 1 (1) 8 (20) 0 (0) 2 @ 4 @)
Totalt 20 (5) 28 (22) 34 (83) 4 (11) 44 (36 19  (65)
Cases in total 402  (100) 125 (100) 41 (100) 394 (100) 121 (100) 29  (100)

"MACS — Melbourne Atopy Cohort Study subjects.

tThis represents a separate group of infants with severe atopic dermatitis treated in a tertiary referral hospital outpatient clinic.

*Sensitized (> 3+) to 1, 2 or 3 foods

Table 8.5 Incidence of IgE food sensitization in infants without and with atopic dermatitis of varying severity.
(Modified from Hill DJ, Sporik R, Thorburn J et al. The association of atopic dermatitis in infancy with
immunoglobulin E food sensitization. J Pediatr 2000; 137: 475-9.

6 months of age

No AD Mild to moderate AD Severe AD
Number of patients 402 125 41
Cow’s milk 4(1) 4 (3) 21 (51)
Egg 16 (4) 23 (18) 29 (70)
Peanut 4 (1) 6 (5) 15 (37)
Any food 20 (5) 28 (22) 34 (83)

12 months of age

No AD Mild to moderate AD Severe AD
Number of patients 394 121 29
Cow’s milk 8(2) 5(4) 9 (31)
Egg 34 (9) 40 (33) 15 (52)
Peanut 15 (4) 14 (12) 11 (38)
Any food 44 (11) 44 (36) 19 (65)

patients with AD, allergic rhinitis or asthma, and chal-
lenge-proven food allergies. In that study, food-specific
IgE cut-off levels for cow’s milk, egg, peanut, and fish
were determined that predicted the outcome of food
challenges with more than 95% accuracy. These findings

have recently been validated by the same author in a
prospective study of 100 consecutive children and ado-
lescents with suspected food allergies.!'! The previ-
ously found diagnostic cut-off levels for food-specific
IgE antibodies were effective in predicting symptomatic
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Figure 8.2a Diagnostic skin prick
test weal diameters for cow’s milk.
Reproduced from Sporik R, Hill
D], Hosking CS. Specificity of
allergen skin testing in predicting
positive open food challenges to
milk, egg and peanut in children.
Clin Exp Allergy 2000; 30:
1540-6.

Figure 8.2b  Diagnostic skin

prick test weal diameters for egg.
Reproduced from Sporik R,

Hill DJ, Hosking CS. Specificity of
allergen skin testing in predicting
positive open food challenges to milk,
egg and peanut in children. Clin Exp
Allergy 2000; 30: 1540-6.
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allergy to cow’s milk, egg, peanut, and fish. The use of
food-specific IgE testing may therefore significantly
reduce the need for formal DBPCFC.

Other investigators have made similar observations.
In a study of 170 infants under 12 months of age with
suspected CMA, 44% had the diagnosis confirmed on
subsequent challenge. A specific IgE > 2.5 KU(A)/L had
a positive predictive value of 90% for immediate
CMA.""2 Saarinen et al found a much lower predictive
value for specific IgE antibodies, even if used in con-
junction with SPT or APT.'!3 These differences may, in
part, be due to patient selection and different extract
potencies.

Skin prick test

SPT in the diagnosis of food allergy is said to be unreli-
able in infancy. Hill et al studied the ‘diagnostic’ weal
diameter to cow’s milk, egg, and peanut that was 100%
predictive of a positive open food challenge.'! The cut-
off weal diameter was defined as the diameter above
which all children presenting with suspected food
allergy reacted on food challenge (Figures 8.2 a—c).
All children over 2 years with an SPT weal diameter
to cow’s milk >8 mm, and those under 2 years with an
SPT >6 mm, were challenge-positive. These ‘diagnostic’

open food challenges to milk, egg and
peanut in children. Clin Exp Allergy
2000; 30: 1540-6.

cut-off weal diameters were compared with food-
specific IgE antibody levels in Australian children under
2 years of age.!'® Compared with in-vitro antibody
testing, use of ‘diagnostic’ SPT tests reduced the need for
food challenges by 23%. Further studies are needed to
confirm these observations.

Atopy patch test

Non-IgE  mediated hypersensitivity —reactions to
food are difficult to diagnose as they are not reliably
detected by antibody or skin prick testing.>> The APT
is an epicutaneous test that was originally developed
to diagnose sensitization to aeroallergens.'!” Patch
test skin reactions appear to be mediated by T-cell
responses.!!8 Several studies have assessed the diagnos-
tic accuracy of the APT in relation to skin prick and
serum IgE testing.2%11%-120 Isolauri et al found that the
combined use of skin prick and patch testing increased
the accuracy in the diagnosis of food allergies in chil-
dren with AD, suggesting that IgE- and T-cell mediated
phenomena can be detected independently by both
tests.2’ Majamaa et al found the APT more sensitive
than skin prick and IgE testing in detecting CMA in
infancy.!?® A study of 75 German children (age range 4
months to 12 years) examined the diagnostic accuracy of
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the APT for cow’s milk, egg, wheat, and soybean.!20
Findings were compared with formal DBPCFC and
food-specific serum IgE antibodies. The APT was par-
ticularly useful in predicting late-phase clinical reactions
(sensitivity 76 %, specificity 95%). Roehr et al reported
that APT, in conjunction with positive food-specific IgE
levels or positive SPT, reliably predicted positive food
challenges and argued that these tests may replace
DBPCFC in the diagnosis of CMA.3* There are still
some difficulties in standardizing the technique and
interpretation of the APT,121,122

PREVENTION AND TREATMENT

Dietary prevention of food allergies and
atopic dermatitis

Elimination diets have long been an integral part in the
treatment and secondary prevention of food allergies
and AD.3%123 There may also be a role for the delayed
introduction of high-risk weaning foods, such as egg
and peanut, as part of the primary prevention of food
sensitization. However, while these dietary interven-
tions may reduce the frequency of manifestations of
food allergy during the period of diet exclusion, there is
no conclusive evidence they prevent the development of
food allergy or hasten the induction of tolerance.!?*

Data on the association of early milk feeding and
AD are not conclusive, and the protective effect of
breast-feeding on AD is not universally accepted.
About a decade ago, a large 10-year longitudinal study
from New Zealand failed to demonstrate a significant
association between early cow’s milk feeding and
AD.125:126 Gimilarly, a more recent study of 1314
infants found that breast-feeding did not prevent the
onset of AD in infants with an affected parent, and
the duration of breast-feeding appeared to increase
the risk for AD.'?” Another study of 6209 infants also
suggested that prolonged breast-feeding may increase
the risk of IgE sensitization.!?8

These findings are in contrast with a recent study of
1121 infants that assessed the effect of exclusive breast-
feeding and delayed introduction of solid foods on the risk
of developing AD at 12 months of age.*? In that study, the
risk of AD was reduced by about 50% in infants who
were exclusively breast-fed to 4 months, compared with
infants who received cow’s milk formula. AD was signifi-
cantly associated with sensitization to cow’s milk (adjusted
OR 4.0, 95% CI 1.5; 10.5) and egg (adjusted OR 4.0,
95% CI 1.5; 10.5). The authors concluded that breast-
feeding and delayed introduction of solid foods reduce
the incidence of AD. The study was not randomized,
and the formula-fed group and breast-fed group differed

significantly with regard to socioeconomic and atopic sta-
tus.*? It therefore remains unclear from this study whether
early cow’s milk feeding truly represents a risk factor for
the development of AD or whether the early introduction
of solid foods may to some extent account for the differ-
ence in AD prevalence between groups. Studies on the
effect of early diet on the development of asthma have
found no relationship between formula-feeding and
asthma or atopy.'?? In summary, there is at this stage no
conclusive evidence that exclusive breast-feeding does pre-
vent the onset of atopy.!30

Allergen avoidance

The treatment of food allergies follows the general
principles of allergen avoidance. In breast-fed infants,
maternal elimination diets have successfully been
employed to reduce the food antigen exposure to the
infant. Besides dietary interventions, treatment of the
dermatological manifestations usually relies on topical
corticosteroids and moisturizers.!3! However, in young
children AD will usually relapse as soon as the topical
corticosteroids are discontinued, unless the offending
allergens are eliminated from the children’s diet.

In order to avoid unnecessary dietary restrictions,
the diagnosis of food allergies should be based on estab-
lished diagnostic guidelines.*> A broad elimination diet
should only be maintained for a short period of time in
order to reduce the risk of growth impairment and nutri-
tional deficiencies. In infants on therapeutic elimination
diets, growth parameters need to be closely monitored,
as energy and micronutrient intakes may be reduced
compared with normal infants.!33 This is particularly
important in infants with a past history of failure-to-
thrive as a result of feeding difficulties, gastro-osophageal
reflux or food protein enteropathy.!34

132

Breast-feeding and maternal elimination
diets in infants with atopic dermatitis

Breast-feeding is generally considered the most appro-
priate form of infant feeding, although it probably does
not prevent food sensitization or the subsequent devel-
opment of atopic disease.!7-129:130:135 In breast-fed
infants, AD may develop within the first weeks of life,
often while being exclusive breast-fed. Onset of AD
during the early lactation period may indicate sensitiza-
tion of the infant to maternally ingested food aller-
gens.!3¢ Food antigens are secreted into breast milk and
may cause similar immunological reactions as seen in
formula-fed infants.%?

In breast-fed infants with clinical manifestations
of food allergies, including AD, a maternal exclusion diet
is often effective.!8:93:137 An experienced dietitian



should closely supervise the maternal diet, and a
dietary calcium supplementation may be required for
the mother.!38 In infants with severe AD, the maternal
diet may consist of mainly vegetables, fruits, cereals,
and meats. Dairy products, soy, egg, peanut, tree nuts,
fish, and/or wheat are initially withheld and cautiously
reintroduced into the mother’s diet, while observing the
infant’s symptoms.

Hypoallergenic formulae

Soy formula

Soy formula is often used as a cow’s milk substitute.
However, a significant proportion of infants with CMA
may also be sensitized to soy protein.®’13° Soy protein
may be associated with gastrointestinal or skin manifes-
tations of food allergy. Soy allergy may manifest in
infants with vomiting or worsening of eczema. In infants
with soy hypersensitivity an extensively hydrolysed or
amino acid-based formula should be considered, partic-
ularly if the infants are also allergic to cow’s milk.!40

Extensively hydrolysed whey- and
casein-based formulae

Extensively hydrolysed formulae are commonly used in
the treatment of infants with cow’s milk or soy allergy.
The value of partially and extensively hydrolysed formu-
lae in preventing infants food allergy is still an area of
debate.!41-143 [t has been estimated that about 10-20%
of infants with CMA may be intolerant of extensively
hydrolysed formulae.!3%144-147 In these infants, amino

acid-based formula (AAF) has proved effective and
safe 33:134,140,148

Amino acid-based formula

Treatment of infants’ multiple food protein intoler-
ance with AAF has been shown to be effective and
safe.134140,145,148-150  After establishing the infant on
AAF the allergic manifestations usually remit within
days. Infants presenting with AD and failure-to-thrive
will usually achieve catch-up growth within months.!3*
A recent study has demonstrated that infants with AD

and multiple food allergies can successfully be treated
with AAF.33

Hypoallergenic solid foods
In general, the introduction of non-milk foods should be
delayed until after 4 months of age as early introduction of
these food items may contribute to food sensitization.*?
In our experience, the first solids to be introduced
include rice cereal and apple or pear. New food items
should be introduced on a weekly basis, in order that
foods causing delayed reactions can be reliably identified.
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Vegetables and fruit, including apple, pear, potato,
pumpkin, and zucchini, are generally considered to be
associated with a low risk for food allergic reactions.
Meats, including chicken and lamb, can be introduced
once some other solids have been successfully tolerated.
Even in infants with multiple food protein allergies,
several of these foods are usually tolerated.'>* The
introduction of high-risk foods such as dairy products,
egg, peanut, and tree nuts should be deferred until the
second year of life.

Probiotics

Probiotic bacteria (Lactobacillus GG), if administered
to mothers during pregnancy and postnatally to their
infants for 6 months, have been shown to significantly
reduce the risk of subsequent AD.!5-152 This protective
effect may be mediated by an increase of TGF-B con-
centrations in breast milk.!!3 Further large-scale ran-
domized studies are needed to assess the public health
benefit of this intervention.

PROGNOSIS

In most infants and young children, dietary management
of food allergies and topical treatment with cortico-
steroids will successfully control the manifestations
of AD. The severity of food allergy-related AD usually
decreases towards the end of the second year. Elimination
diets can be progressively relaxed as the infant develops
tolerance to the offending food item. About 85% of
infants with CMA and about 50% of egg allergies will
develop tolerance by 3 years of age.”>% In contrast,
only about 20% of children with allergy to peanut or
tree nuts will become tolerant.’>3 Although allergen
avoidance appears to hasten the subsequent develop-
ment of antigen tolerance it remains unclear to what
extent dietary manipulations alter the course of food
allergies.'3:15% Persistence of AD may be associated with
sensitization to inhalant and environmental allergens,
particularly to house dust mite. Infants with AD may
therefore be at increased risk of other atopic manifesta-
tions in relation to inhalant sensitization, including
development of asthma and allergic rhinitis.

CONCLUSION

AD affects between 10-21% of young infants and
often represents the first clinical manifestation of food
allergies and atopy.>~* Infants with clinically significant
AD should therefore be investigated for the presence of
food allergies. IgE-mediated food allergies may coexist
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with T-cell-mediated manifestations. Although the
definitive test for food allergies remains the DBPCFC,
the need for these resource-consuming challenges can
be reduced by measurement of food-specific IgE anti-
bodies, in combination with skin prick and atopy patch
testing. In the majority of cases, food allergies remit
spontaneously by 3 years of age, with the exception of
peanut allergy. Persistence of AD beyond early child-
hood is commonly associated with sensitization to
inhalant and environmental allergies, particularly to
house dust mite, cat, and rye grass.

Treatment of AD in infancy relies on topical cortico-
steroids, immunomodulatory agents, and dietary antigen
elimination. In breast-fed infants, maternal exclusion diets
have been shown to be effective. In formula-fed infants,
hypoallergenic formulae (soy, extensively hydrolysed or
amino acid-based formulae) represent an alternative to
cow’s milk formula. The introduction of solids should
be delayed and limited to a range of hypoallergenic veg-
etables, fruits, and meats. Exclusion diets may compro-
mise the energy and micronutrient intake, and growth
parameters of infants with food allergies need to be
closely monitored.
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Role of inhalant allergens in atopic dermatitis

Salima Mrabet-Dahbi and Harald Renz

INTRODUCTION

Atopic dermatitis (AD) represents a major public
health problem worldwide with an estimated current
incidence of 10-20% in children and 1-3% in adults.!
Since World War II, AD prevalence has been steadily
increasing in industrialized countries, but remains
much lower in agricultural regions.> The reason for
this dramatic increase has not yet been elucidated.
However, the Westernized lifestyle along with insuffi-
cient microbial exposure is presently being made
responsible for this phenomenon, an explanation that
has been designated as the ‘hygiene hypothesis’.3

AD patients, as diagnosed by the criteria of Hanifin
et al,* share the same clinical features.

The unaffected skin of AD patients frequently mani-
fests severe dryness and a greater irritant cutaneous
response than healthy controls. Immunohistologically,
it represents a mild hyperkeratosis and reveals a mar-
ginal perivascular T cell infiltrate’ while in acute skin
lesions spongiosis of the epidermis and a diffuse epider-
mal infiltrate of T cells and Langerhans cells (LCs) may
be noted. In contrast, the dermis is often character-
ized by an evident oedema and a prominent infiltration
of particularly CD4* activated memory T cells.® Yet,
lichenified skin lesions define the chronic stage of dis-
ease and have undergone tissue remodelling due to itch-
ing and scratching.” They display hyperkeratosis with
minimal spongiosis and dry, fibrotic papules. The der-
mal infiltrate in advanced AD is mainly composed of
macrophages, non-activated mast cells, and eosinophils.

AD can be classified into several subgroups, each one
with diverse immunopathological features, thus under-
lining the heterogeneity of the disease. In this context,
a subgroup of patients is characterized by IgE-mediated
sensitization (immediate, type I hypersensitivity) affect-
ing 70-80% of the individuals whereas about 20-30% of
the patients are defined by a more T-cell driven feature

(delayed, type IV hypersensitivity) accompanied by low
serum IgE levels and the lack of IgE sensitizations.?
Besides this strict classification some individuals com-
bine more than one of these phenotypes whereas others
do not show any of the above-mentioned features; instead
non-specific cutaneous hyperreactivity is thought to be
here the main precipitating factor.”1°

While diagnosis of AD follows relatively well-defined
criteria, the underlying pathophysiology of disease is
still not entirely understood. Nowadays, challenged by
this puzzle, diverse studies have pointed out its multifac-
torial causes with activation of many immunologic and
inflammatory pathways.!! So, it is well recognized that at
primary level the clinical phenotype of AD is the product
of several interactions among genetic susceptibility,
immune dysregulation, and defects in skin barrier func-
tion, predisposing individuals to disease, and that at a
secondary level various environmental factors exacerbate
the course of pre-existing lesions and therefore are con-
sidered as inflammatory triggers of AD (Figure 9.1). A
broad variety of potential non-allergic and allergic trig-
gers (inhalant, food, and bacterial antigens) have been
described thus far. Among them are irritants like soap,
harsh chemicals, and hard water that dehydrate the skin
and thereby promote xerosis. Other non-allergic trig-
gers include rapid temperature changes, low humid-
ity, emotional stress, and anxiety.

Yet, many clinical studies could also support the
close linkage of allergic triggers to the onset and main-
tenance of disease. It has been repeatedly shown that
Staphylococcus aureus skin colonization leads to dra-
matic flare-ups of eczema.'>'3 One important under-
lying mechanism for this phenomenon might be the
impaired synthesis of antimicrobial peptides providing
a favourable environment for these bacteria.'®!5 Their
clinical importance becomes evident as AD patients
benefit by antistaphylococcal antibiotics with reduc-
tion in disease severity.!°
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Figure 9.1 The multifactorial cause of atopic dermatitis. AD is the result of complex interactions among genetic
susceptibility, immune dysregulation and skin barrier dysfunction predisposing individuals to disease and to
trigger factors (either allergic or non-allergic); the latter ones are involved in disease at secondary level through

exacerbation of pre-existing lesions.

In contrast, other studies have underlined the rele-
vance of food allergens (i.e. milk, egg, and peanut) in a
subgroup of AD patients as well.!”>!8 Cow’s milk is
among the most common offending foods, and cow’s
milk allergy (CMA) plays a pathogenic role in approx-
imately 35-40% of infants with AD reacting with
worsening of eczema upon ingestion of cow’s milk.!” In
turn, these clinical symptoms improved when the
causal food allergens were removed from the diet.20
Additionally, as shown in vitro and in vivo, PBMCs
from AD patients with food allergy proliferated in
response to the corresponding antigens?! while contin-
ual oral food sensitization yielded elicitation of skin
lesions in a murine model of AD.??

Apart from food allergens, exposure to inhalant aller-
gens (pollen, moulds, mites, and animal dander) is also
acknowledged to be relevant in particularly influencing
the course of disease in infancy in some AD patients, a
finding which was first reported by Walker in 1918.23
Inhalant allergens appear to be more important in older
children and adults** leading to aggravation of pruritus
and atopic lesions after bronchial inhalation in sensitized
individuals.?’ In contrast, substantial clinical improve-
ment may occur when these patients are exposed to envi-
ronments lacking the allergens to which they react.?

Laboratory data strengthen the role of inhalants in AD
include the finding of the corresponding IgE antibodies
in most patients whose degree of sensitization to mites,
pollen, or animal dander is directly associated with dis-
ease severity.2’-28

In conclusion, there are diverse groups of AD
patients each of them characterized by a unique profile
of disease-promoting factors (Figure 9.2). Yet, this
chapter focuses solely on one of these triggers, namely
the inhalant allergens, and aims to critically reflect on
their pathophysiological relevance in AD.

THE IMMUNOPHENOTYPE OF ATOPIC
DERMATITIS

In order to elucidate the influence of inhalant allergens in
AD it is necessary to characterize some of the immuno-
logical processes of the disease. Skin lesions in AD
generally evolve as the result of complex cellular interac-
tions. One potential scenario is that IgE-bearing LCs and
inflammatory dendritic epidermal cells (IDECs) present
antigens which have penetrated the disrupted epidermal
skin barrier?® to receptive sensitized T cells, and mast
cells, leading to their activation and release of cytokines,
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Figure 9.2 The heterogeneity of atopic dermatitis. Each patient exhibits a unique set and combination of trigger

factors leading to disease exacerbation.

i.e. IL-1, IL-6, and TNF-0..3° Simultaneously, scratching
makes epithelium crucially involved in AD through
aggravated chemokine and cytokine production by ker-
atinocytes.>! One of their most prominent secreted medi-
ators is thymic stromal lymphopoitein (TSLP) which
drives LCs to migrate into the lymph nodes and thereby
contributes to the allergic phenotype.®? In addition,
TSLP-activated dendritic cells (DCs) prime naive T cells
to produce IL-4, IL-5, and IL-13 and initiates
chemokine production by DCs, such as macrophage-
derived chemokine (MDC) or thymus and activation-
regulated chemokine (TARC), both highly present in AD
patients.>> These chemokines attract Tj;2 skewed cells
and strongly correlate with disease severity.3*

Other inflammatory cells such as activated mast
cells, upon cross-linking of IgE, release histamine and
other mediators up-regulating adhesion molecules,
which in turn help to recruit eosinophils. The latter
massively infiltrate the dermis and cause tissue damage
through degranulation of inflammatory mediators and
cytolic degeneration.?’ In this respect, high levels of
these mediators have been detected in sera and urine of

AD patients correlating with disease activity and
decreasing in response to therapy.3® In addition, acti-
vated and histologically hypodense eosinophils display
an enhanced survival, which is achieved by means of
delayed programmed cell death.?”

Apart from eosinophils there is overwhelming evi-
dence for the fundamental impact of T cells in AD.38
They express high levels of the cutaneous lymphocyte
antigen (CLA), which functions as a skin homing
receptor.?® Its interaction with E-selectin localized on
inflamed dermal postcapillary venules enables their
immediate recruitment into the skin on invasion of
foreign antigens and allergens.*® Moreover, it has been
recently shown, in vitro as well as in vivo, that the
interaction of the skin-associated chemokine CCL27
and its receptor CCR10 also mediates the chemotactic
response of skin-homing T cells.*! In contrast, no respi-
ratory tract T-cell homing receptor has been identified
so far.*? The relevance of T cells in AD pathogenesis is
particularly highlighted in animal model experiments,
showing that development of eczematous skin lesions
depends on the presence of these cells.
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THET,1/T,2 PARADIGM IN AD

Although T2 cells certainly contribute to the patho-
genesis of AD it is now well accepted that T ;1 cells also
play an important role in maintaining skin inflamma-
tion. Therefore, this biphasic character represents one
hallmark of AD which is defined by an initial phase
with predominately T;2 cytokines switching into a sec-
ond Ty1-like chronic phase.*3 T;;1 cells are known to
secrete IL-2 and IFN-y, induce macrophage activation,
and are very effective in controlling infection with
intracellular pathogens. In contrast, T};2 cells produce
IL-4, IL-5, IL-9, and IL-13 as key signature cytokines
and promote excellent humoral immunity, allergic
reactions, and resistance to helminthic infections.*+45

In addition to these two main distinct T} cell popu-
lations, a further subset of regulatory T cells does exist
suppressing both T};1 and T;2 responses. To date, sev-
eral major groups of these so-called T regulatory (Treg)
cells have been described: namely, the naturally occur-
ring CD4*CD25* cells, the type 1 T regulatory cells
(Trl) and the T};3 cells. The first subset accounts for
5-15% of the peripheral CD4" T cells and expresses
the cytotoxic T-lymphocyte antigen 4 (CTLA-4)* and
the glucocorticoid-induced tumour necrosis factor
receptor as markers.*” These cells are generated in the
thymus and then exported to peripheral tissues, where
they normally hinder potential autoimmune responses.
Their mechanism of suppression relies on the inhibition
of IL-2Rat chain in target T cells induced by the com-
bined activation of CTLA-4 and membrane-bound
TGF-B. Additionally, CD4*CD25" cells specifically
express the forkhead-winged helix transcription factor
gene FoxP3 which so far is the most unambiguous
marker available to identify this class of T, cells. Loss
of function through mutations in the FoxP3 gene
results in a lack of this T-cell subset, and consequently
favours the onset of various autoimmune and allergic
diseases.*® Similar to the natural T, cells, Tr1 cells
(adaptive T cells) also originate from the thymus
but then further differentiate in the periphery under
certain conditions of antigenic stimulation. They exert
suppressive activity through enhanced IL-10 production
whereas T3 cells mainly produce TGF-f, thereby
mediating their regulatory function.

Clear evidence suggests that T;;1 and T};2 cells can
each arise from the same precursor cell (the naive T;;0
cell) under the influence of:

1. T-cell receptor ligation (TCR)

2. the activation of costimulatory molecules

3. the predominance of a given cytokine in the
microenvironment

4. the number of postactivation cell divisions,*

whereas the cytokine composition has emerged as
key determinant in the outcome of Ty, responses.

For example, if the T 0 cell is activated in the
presence of IL-12 (from a macrophage or dendritic
cell) then this cytokine initiates a process of T;;1 matu-
ration. Additionally, it synergizes together with IL-2
and IL-18, another cytokine secreted by activated
macrophages, to induce IFN-y synthesis.>® Of note, the
novel IL-12 family members, such as IL-23 and 1L-27,
may contribute to the Ty1 polarization as well.31-52
Although IL-27 is not sufficient to instruct IFN-y pro-
duction on its own, it has a profound effect in the early
steps of T;1 commitment by controlling IL-12 respon-
siveness®3 while IL-23 functions primarily on effector
T cells prolonging and sustaining their IFN-y synthesis.

Conversely, naive T cells activated in the presence
of IL-4 down-regulate the IL-12 receptor and differen-
tiate along the T2 pathway, even if the initial source
of this cytokine is still a subject of debate.’*5°
However, it is suggested that APC-derived IL-6 medi-
ates T;2 development by inducing early IL-4 produc-
tion.’® Yet, generation of this phenotype also requires
the interaction of two more recently discovered
cytokines: namely, IL-19 and IL-25. In vitro data could
show that IL-19, expressed by human peripheral blood
mononuclear cells and purified monocytes after LPS
stimulation,’” up-regulated IL-4 and down-regulated
IFN-y in a dose-dependent fashion.’® Similarly, the
mast cell and T2 cell derived cytokine IL-25 induced
elevated production levels of IL-4, IL-5, and 1L-13.%°

T-cell differentiation is a complex process regulated
by a network of transcription factors such as GATA-3
and T-bet.6%¢1 GATA-3 is expressed during T};2 differ-
entiation via pathways that probably involve the IL-4
dependent activation of the signal transducer and acti-
vator of transcription (STAT)-6. It suppresses IFN-y,
increases the transactivation of the IL-4 promoter,
and also directly regulates IL-5 and IL-13 expression in
T2 cells. By contrast, T-bet is exclusively expressed in
Ty 1 cells in a principally STAT-4 dependent manner,
mediates IFN-y production and maintains synthesis of
the IL-12 receptor y2 chain upon T-cell activation.
Thus, a balance between T-bet and GATA-3 is believed
to control T;;1 and T;2 polarization.

With respect to AD T};2 and T;1 cytokines are both
involved in the pathogenesis and their contribution
depends on the chronicity of skin lesion. In humans, such
a strong T-cell effector dichotomy does not frequently
appear but can be observed in patients with autoimmune
or allergic diseases as well.®%* Initially, AD was viewed
as a prototypical Tj;2 disease due to its mainly humoral
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features. One of the first studies performed in this con-
text was carried out on PBMCs of AD patients indeed
providing evidence for increased T2 activity (IL-4)
along with diminished IFN-y release upon mitogen stim-
ulation.®® Many subsequent studies could reproduce this
finding even on the level of allergen-specific T cells show-
ing an overproduction of IL-4 in response to the relevant
allergen.*65 Presently, it is well established that T2
derived cytokines characterize AD patients with acute
lesions®® while T};1 derived cytokines are predominant
in patients of the chronic stage.®”

This Ty,1/T,;2 dysbalance also exists in the local envi-
ronment of lesional skin and therefore critically modu-
lates the nature, degree, and persistence of inflammation
in AD. In this context analysis of skin biopsies using in-
situ hybridization revealed significantly greater amounts
of Ty;2 cells positive for IL-4 and IL-13 mRNA whereas
in chronic skin lesions IFN-y, IL-5 and IL-12 mRNA
expression predominate.® Furthermore, investigations
on allergen patch testing followed by punch biopsies at
different time points also showed these biphasic kinetics
in cytokine production.®® Figure 9.3 illustrates the acute
and chronic features of AD and the involved cellular
mechanisms as described above.

THE ANTIGEN SPECIFICITY OF SKIN
INFILTRATING EFFECTORT CELLS

The finding of a massive T-cell infiltrate in the lesional
skin of AD patients prompted many investigators to
analyse its antigen specificity, an aspect which might
underline the direct involvement of environmental
allergens in the onset and maintenance of eczema.
Indeed, encouraged by this concept, various allergen
specific T-cell clones could be generated either from
blood or from naturally occurring skin lesions as well
as from lesions following patch testing. In the study of
Schade et al,”® cow’s milk protein (CMP) specific T-cell
clones had been isolated from PBMCs of infants with
AD sensitized to the corresponding allergen and there-
after compared to those T-cell clones of milk-tolerant
AD infants. The data obtained from this study con-
firmed a key role for circulating T};2-skewed CMP spe-
cific CD4" T cells in food allergic AD subjects, whereas
tolerance to this kind of antigen was achieved by means
of low T2 cytokine levels. Food allergen specific T-cell
clones (casein or ovalbumin) derived from PBMCs of
AD patients could be generated by other investigators
as well. Yet, in contrast to the aforesaid study, the
authors ruled out that circulating food-specific lym-
phocytes were not solely restricted to the CD4" T-cell
subset and the T};2 phenotype.”!

The ongoing immune reaction to inhalant allergens
in the skin of AD patients could be also elucidated by
the existence of specifically primed T cells in this com-
partment. Ramb-Lindhauer et al’? succeeded in cloning
grass pollen (Lolium perennis) reactive T cells derived
from lesional skin with a relative predominance of IL-4
secretion. Later, Reekers et al”3 examined birch pollen
specific lymphocyte responses in blood and skin biop-
sies of AD patients with hypersensitivity to the relevant
allergen. As a result, the proliferative response of birch
pollen extract or Bet v1 stimulated skin derived T-cell
lines was significantly higher than that of non-reactive
patients. Additionally, a higher frequency of birch
pollen reactive T cells was calculated from limiting-
dilution assays, and a higher rate of birch pollen spe-
cific T-cell clones was generated from skin derived
T-cell cultures.

In another study by van der Heijden et al’* the
authors focused on the analysis of T cells directed to
the house dust mite (Dermatophagoides pteronyssi-
nus), representing a perennial allergen. In this respect, a
considerable number of mite specific T cells of the T;;2
phenotype could be isolated from lesional skin while
many of the non-mite specific skin as well as blood
derived T-cell clones produced IFN-y. Data obtained
from T-cell cloning studies of allergen patch test sites
again underlined the T2 feature of these cells gener-
ated shortly after epicutaneous house dust mite expo-
sure.”’ It was notable that the majority of these allergen
specific T-cell clones obtained from unmanipulated,
chronic skin lesions of sensitized AD patients exhibited
a typical Ty1 profile.”® However, characterization of
limited numbers of mite specific T cell clones from
blood or skin — as carried out previously — does not
necessarily allow definite conclusions regarding their
biological significance in vivo. For this reason Neumann
etal”’ enrolled a large cohort of AD patients in order to
perform mite specific T-cell clones from the peripheral
blood, naturally occurring skin lesions, and allergen
exposed skin. Their results indicated that the mass of
allergen specific T cells in both skin and blood of atopic
individuals failed to exhibit a restricted cytokine secre-
tion profile and thus were classified as T(;0 cells. House
dust mite specific T cells displaying a restricted secre-
tion pattern were either of the T;1 or the Tj;2 type,
whereas specific T;;2 cells were found almost exclu-
sively in allergen patch test reactions, indicating that
the T2 differentiation pathway is seen preferentially
in allergen exposed skin.

Another important aspect in the field of allergen
specific T cells is their frequency upon several studies
have drawn their attention to either. While Sager et al’$
could show that mite specific T-cells appeared more
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frequently in skin than in blood, Takahama et al”
demonstrated that only a minor portion of T-cell
clonotypes detected in PBMCs resembled those
accumulated in AD skin lesions when comparing their
TCR Vb segments with each other. Their frequency
ranged from 0.5% to 1.2%, similar to the percentage
of Der p specific T-cells (0.72% to 0.02%) seen in
chronic AD lesions performed in the study by Werfel et
al.”¢ According to these data only a small number of
these cells (1 or 2) show specificity to the respective
allergen and are selected to expand clonally in the skin
lesion by thus far unknown reasons.

Taken together, identifying allergen specific T cells
particularly in lesional skin of AD patients supports the
concept of a T-cell-mediated specific immune response
to environmental allergens — including inhalant allergens —
with clinical implications in AD.

HOW DOES SENSITIZATION TO INHALANT
ALLERGENS OCCUR?

How inhalant allergens enter the body and aggravate
eczema is still a matter of debate. Nevertheless, pertur-
bation of the skin barrier may favour the invasion of
these allergens into the deeper epidermal compartment.
To strengthen this hypothesis of local allergen trans-
mission, biopsy studies of AD lesions and APT reac-
tions reveal mite allergens bound to the corresponding
IgE antibodies localized on epidermal and dermal LCs
of the affected patients but not of healthy volun-
teers.®%8! In experimental models, eczematous skin
lesions can be either provoked by the APT or by
repeated epicutaneous allergen application resembling
the naturally occurring eczema.’?-8% Recently, Riley
et al®® demonstrated the presence of house dust mite on
the skin by vacuum cleaning. Yet, penetration of this
allergen through an intact stratum corneum in AD is
hard to imagine, which makes the relevance of the epi-
dermal route in the induction of new lesions doubtful.
Under these conditions the respiratory route may be
relevant in a subset of patients (Table 9.1).

Indeed, early studies have shown that inhalation of
house dust or pollen extract can provoke exacerbations
of dermatitis.3¢ More recently, Tupker et al®” demon-
strated pruritic, erythematous skin lesions in 9 of 20
AD patients after placebo-controlled bronchial provo-
cation with house dust mite. All the responders had a
history of asthma, an early bronchial reaction after
allergen challenge, and an elevated total IgE level, sug-
gesting that the respiratory route is especially relevant
to this subset of AD patients. Brinkman et al®® could
extend this finding showing that skin rashes could be
also triggered by inhalation of cat allergen or tree

Table 9.1 Sensitization to inhalant allergens in AD

TRANSCUTANEOUS ROUTE:

e Mite allergen bound on Langerhans
cells via IgE8081

e Induction of eczematous skin lesion upon
epicutaneous allergen application82-84

e Presence of house dust mite on the skin8®

RESPIRATORY ROUTE:

o Exacerbation of AD upon inhalation8®
o Induction of new skin lesions upon inhalation®87-88

Table 9.2 Technical variation of the APT

¢ Non-standardized allergen concentration® 103104
e Usage of different vehicles'%®

e Pre-treatment of the skin or not8:100

e Duration of patch testing®

pollen and that these flare-ups were more pronounced
in patients with concomitant allergic asthma than in
patients who suffered from AD alone. A possible expla-
nation of this phenomenon is that allergen-induced
inflammation in the airways might cause the release of
mediators from activated inflammatory cells for possi-
ble distribution to the skin, which is already primed in
AD. But it is also likely that as result of allergen expo-
sure in the airways, allergens enter the circulation and
are transported to the skin.

THE ATOPY PATCH TEST

The presence of specific T cells directed to inhalant
allergens along with the effects seen in AD patients
upon epicutaneous or bronchial allergen administra-
tion highlight their possible impact on AD. Therefore,
a major approach to the management of this part of the
disease is to avoid these potential triggers. Identification
of the offending allergens on the basis of history and
diagnostic testing is needed to specify avoidance recom-
mendations for the individual patient (Table 9.2).
Many patients are highly sensitized to inhalant
allergens. In this regard, a number of well-established
allergologic test procedures help to verify or exclude the
presence of IgE mediated hypersensitivity. However, the
absence of allergen specific IgE in the serum does not
necessarily indicate a lack of sensitization. Therefore, an
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extension of allergy testing is represented by the SPT that
evaluates IgE bound on mast cells. Nevertheless, neither
test procedure considers those AD patients character-
ized by cell-mediated sensitizations. Since the finding
of Mitchell et al®® that epicutaneous application of
inhalant allergens on unaffected skin of AD patients elic-
its delayed type IV eczematous reactions, this so-called
ATP, as termed by Ring in 1989,°° has additionally
gained enormous interest during the past few years in
completing the test procedure spectrum. Thus the paral-
lel use of prick and patch tests increases the rate of posi-
tive reactions. It is notable that there is even a strong
correlation between both test systems pointing towards
the coexistence of immediate and delayed immune
responses in AD.

This has led to the concept that the APT could serve
as a ‘provocation’ test for a subgroup of AD patients
similar to the bronchial or nasal provocation tests in
asthma and rhinitis.3* It has emerged as a suitable
in vivo model to study the induction of eczema by
inhalant allergens after 24-72 hours. Darsow et al’!
performed the first controlled, double-blind designed
multicentre study to describe significant associations
of APT results and the data obtained from SPT and
in vitro IgE measurement. They calculated sensitivity
and specificity in 253 AD patients and found that APT
had higher specificity towards inhalants (69-92%)
than SPT (44-53%) and serum IgE (42-64%). Thus
the classical tests may have some value as screening
tests yet, specificity may be added through the APT.
Additionally, APT are usually negative in patients
with respiratory allergy and in healthy volunteers,”>
suggesting that this technique involves AD specific trig-
gering mechanisms and that it may represent a specific
diagnostic tool since positive reactivity is obviously not
related to irritant factors present in the material.

As previously mentioned, the APT reflects the second
pathophysiological aspect of AD: namely, the T-cell
based and dendritic cell-mediated skin inflammation
following exposure to and contact with an inhalant
allergen. In this respect, it is conceivable that IDECs
with the capacity of high affinity IgE receptor expres-
sion are recruited into the APT lesions of allergic AD
patients although up-regulation of this receptor seems
to be restricted to those with IgE sensitization.?° In con-
trast, the results of Langeveld-Wildschut et al®> demon-
strated the requirement of epidermal IgE*CD1a™ cells
for APT positivity. However, Wistokat-Wiilfing et al®*
described the association of this test with proliferation
and activation of allergen specific circulating T cells,
which, along with the findings of Kerschenlohr et al,”
definitely confirm the involvement of T-cell interven-
tion via IDECs in the APT with a more or less prominent
IgE contribution. A further criterion that strengthens the

role of T cells in the APT reaction is the notion of pos-
itive results in allergic AD patients without IgE sensiti-
zation as documented by the studies of Seidenari et al,”®
Manzini et al®” and Ingordo et al?® The aspect of a non-
IgE T-cell regulated mechanism is clearly supported by
the recent finding of Manzini et al®” showing that
among 313 AD patients the agreement between APT
and SPT was 58%, thus implying that allergen specific
IgE is not obligatory for a positive APT reaction.
Instead, the presence of allergen specific IgG4 antibod-
ies as described by Kerschenlohr et al might reveal an
important precipitating factor in this subgroup of AD
patients.”’

Former studies on APTs utilized a variety of
allergenic materials (different allergen fractions) and
methodologies. Potentially irritating procedures like
skin abrasion, tape stripping, and detergent application
were used to enhance allergen penetration, and grading
of positive responses varied from centre to centre. Thus
lack of uniformity yielded broadly differing positive
results”® and made the reported data difficult to inter-
pret and to reproduce. Since even minor test modifica-
tions greatly influence the outcome of the test, much
effort has been undertaken to standardize the APT pro-
cedures in terms of allergen concentration, vehicle,
skin pre-treatment, and time intervals to develop a
reliable diagnostic tool for routine clinical use in
AD patients. Currently, the protocol of the European
Task Force on Atopic Dermatitis (ETFAD) provides a
standardized APT technique and therefore is the most
widely used.!%0

Several studies have pointed out the importance
of technical aspects in generating reliable APT results.
De Groot et al'! reviewed APT studies carried out
from 1982-88 and noticed a relation between the
type of allergen used and the number of positive tests.
Yet, only few studies described allergen doses in units
permitting comparison with environmental allergen
levels.’%2 One such study was from Mitchell et al®’
showing responses to house dust mites at concentra-
tions as low as 1000 protein nitrogen units (PNU)/g
whereas other researchers observed a clear dose-
response relationship between allergen concentration
(1000 and 10 000 PNU) and positive reactions.!? In
contrast, according to the work of Seidenari et al,!%4
increase in mite allergen concentration did not improve
the results in AD patients but instead was considered
too irritating to the skin, thus enhancing reactivity in
healthy volunteers. In addition, these proteins did not
necessarily correspond to the allergenic ones and so
made the concentration of the material undefinable.
Therefore, to achieve a better reproducibility in multi-
centre studies, the ETFAD has developed a standard-
ized approach to APT proposing a concentration
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between 5000 and 7000 PNU/g or 200 index of reac-
tivity (IR)/g to obtain a useful ratio between sensitivity
and specificity. In children, approximately 50% of the
adult dose is sufficient.!05

In terms of the vehicle, petrolatum is not only suit-
able for all inhalant allergen lyophilisates, but is even
more preferred to aqueous vehicles by providing stable
conditions for the preparations and inducing consis-
tently higher positive reactions.'%® Moreover, large
Finn chambers (12 mm diameter) are used instead of
the smaller ones (6 mm diameter) throughout Europe
which enable a better penetration and subsequent pres-
entation of intact protein allergens. Application of
these test substances occurs on clinically uninvolved
skin to reflect most closely the ‘real life’ situation of the
skin.?® Some researchers even disrupt the epidermal
barrier of the test site prior to application of the APT to
improve the test condition. Yet, at the same time this
procedure favours irritant reactions, explaining why the
ETFAD protocol does not include any pre-treatment.

Once applied on the patient’s skin, the test chambers
are removed after 48 hours and the first reading is per-
formed. Of note, reactions to patch testing on normal
skin may not be maximal until 72 hours as AD patients
with significantly lower specific IgE levels may react to
the relevant allergen much later. Subsequently, test eval-
uation follows the criteria as defined by the ETFAD
based on the appearance of erythema and the number as
well as distribution pattern of the papules while only the
latter feature along with infiltration grades a positive
reaction. However, before introducing APTs in the rou-
tine diagnostic work-up of AD patients the issue of
reproducibility should be also considered. Indeed, APT
fulfils this criterion very well because as demonstrated in
the study of Langeveld-Wildschut et al® repetition of the
test under exactly the same conditions yielded identical
clinical scores and reaction patterns in all of the investi-
gated patients after 6 months. With reference again to
the ETFAD protocol, AD patients showed a very high
reproducibility of 94% of all positive APT reactions
within a mean 16 months observation period.!?”

Although many studies on APT have preferentially
evaluated the relevance of house dust mite, as being the
most important inhalant allergen in AD, some authors
have also drawn their attention to other allergens. In
this respect, a German multicentre study has been
patch testing AD patients with cat dander (n=243),
grass pollen (n=243), birch pollen (n=88) and mug-
wort pollen (n=88).1 As a conclusion, these inhalants
did act as triggers for AD exacerbation upon epidermal
application in certain patients. Most importantly, these
findings could be underlined by the results of a very
recently performed European multicentre study involv-
ing 314 AD patients distributed over 12 study centres

and following the ETFAD criteria.'%® Again cat dander,
grass, and birch pollen extracts have been investigated,
thereby revealing a higher specificity for the APT tech-
nique (64-91% depending on the allergen) than for
SPT (50-85%) or serum IgE (52-85%).

Despite these impressive data the final scientific proof
for the relevance of inhalant allergens — identified by
positive APT reactions — for the clinical manifestation of
AD is still missing. Thus up to now, the diagnostic value
of this test appears to be controversial, as no simple cor-
relation exists between the outcome and the clinical rel-
evance of positive APT reactions.”>?* The question still
remains whether the APT can be really used for selec-
tion of patients who may benefit from allergen avoid-
ance. Related to this aspect Clark et al'®® and Adinoff
et al'!% found that among AD patients with moderate to
severe eczema and positive prick tests to numerous
inhalant allergens only those allergens known to precip-
itate dermatitis historically or that were identified in the
surroundings of the patients elicited positive patch reac-
tions. In a similar context, Pajno et al''! showed that
children with AD had a higher SCORAD index, and a
higher rate of positive SPT and APT for mites as well as
higher environmental exposure to this relevant allergen
than 3 years ago at the time of first recruitment.
Furthermore, reactivities have been noted to occur sig-
nificantly more often in patients with a typical air-
exposed predilection for the skin lesions!'!? suggesting
that the APT may provide an important diagnostic tool
in patients with eczematous lesions of predominantly
uncovered areas.!®® Nevertheless, it is important to
demonstrate the clinical relevance of a positive APT; but
intervention studies are still lacking in patients having
been positively tested with APT.

Although the clinical relevance of the APT still
remains a matter of debate, mite allergens provide the
most notable results in APTs. As shown by the very
recent study of Giusti et al''® 55% of AD patients
reacted positively and with a high reproducibility rate to
the corresponding allergen indicating that dust mites are
frequently involved in the development of such APT skin
lesions. Because of these data and the fact that numerous
APTs have been performed with this special kind of
perennial allergen as well as the fact that mites belong
to the most potent allergen sources, this subgroup of
inhalants deserves to be discussed in more detail.

THE BIOLOGY OF DUST MITES AND
THEIR IMPACT ON ATOPIC DERMATITIS

One historical event in allergic disease was to
identify mites of the suborder Astigmata and family
Pyroglyphidae as a major source of allergen in house
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Table 9.3 Distinct allergen groups of Dermatophagoides pteronyssinus

Group Biochemical function MW’ cDNA (SDS-PAGE) IgE binding?
1 Cysteine protease 25000 80-100
2 Unknown (HE1 homologue) 14 000 80-100
3 Trypsin 25000 16-100
4 o-Amylase 57 000 40-46
5 Unknown 15 000 50-70
6 Chymotrypsin 25 000 40
7 Unknown 25000 50
8 Glutathione-S-transferase 26 000 40
9 Collagenolytic serine protease No cDNA (30 000) 90

10 Tropomyosin 37 000 50-95

14 Vitellogenin/apolipophorin-like 177 000 (variable) 90

MW (molecular weight) calculated from cDNA.

2 Binding frequency (% patients, variation due to patient selection).

Adapted from Thomas WR, Smith WA, Hales BJ et al. Characterization and immunobiology of house dust mite allergens. Int

Arch Allergy Immunol 2002; 129: 1-18.

dust!'* encountered nowadays and the most frequent
inhalant allergens in humid areas. Thirteen mite
species have been detected in house dust so far,
whereas Dermatophagoides pteronyssinus (Der p) and
Dermatophagoides farinae (Der f) are the most com-
mon ones in homes worldwide. Beds and overstuffed
furniture are the main foci for the breeding of mites,
providing them ample food in form of human skin
scales and other organic debris. Further principal habi-
tats are formits (pillows, mattress, sofas, carpets, etc.)
with optimal conditions for their survival (temperature
of 25°C and relative humidity >70%).'1> Importantly,
the airborne level of mite allergen during sleep in
the bedroom is tenfold higher than that found during
normal daily activities in the living rooms of the same
houses, reinforcing the potential importance of the bed
as a mite exposure source. ' Of importance are Platts-
Mills studies on seasonal variation revealing that
mite allergens persist for months after the death of the
mite.'” Detailed characterization of Der p extracts
reveal proteinase activity in some of the distinct aller-
gen groups (Table 9.3) including Der p1 as the best
documented molecule up to now.!18 It is present in mite
faeces at high concentration,!'” consists of two globu-
lar domains connected by an outside loop and exhibits
a mixed cysteine and serine proteinase activity.'20
Strong circumstantial evidence suggests that Der p
antigens are crucial precipitating factors of AD.'?! The
National Institute of Environmental Health Sciences
recently reported that over 45% of American homes
have bedding with dust mite allergen concentrations that
exceed the level necessary for allergic sensitization. In this

respect, early exposure to these allergens increased the
risk in developing AD;'?2 conversely, several studies
documented the beneficial effect of careful house dust
mite avoidance on the course of disease. Roberts'?? and
August'?* reported improvement of clinical symptoms
in AD patients after the combination of plastic encasings,
removal of carpets, and vacuum cleaning. Furthermore,
Tan et al>® performed a double-blind controlled trial on a
study population of 60 AD patients for 6 months. The
treatment consisted of Goretex®-covered mattresses ver-
sus light cotton bags, benzyltannate spray to kill mites
versus water spray, and a high filtration vacuum
cleaner versus a cheap vacuum cleaner used in bed-
rooms and living rooms during this period. Due to this
special bedding system the dust load declined by 98%
within the first month and the procedure in general
yielded significantly higher changes in the severity score
of the active treated group than of the placebo group.
Subsequently, Friedman and Tan analysed the clinical
effect of mite elimination in another collective of AD
patients following the same treatment protocol. As a
result bed and carpet Der p1 levels were reduced to min-
imal levels and the biggest improvements were seen in
the most severely affected subjects.'?® In the study of
Holm et al'?® the authors described a relationship
between disease severity and CD30 in serum (expressed
by allergen specific human CD4* T cells) which was sig-
nificantly decreased after a 12-month period of allergen
avoidance. Yet, patients not sensitized or not exposed to
mites benefited just as much from the bed covers as
those who were sensitized and/or exposed to this kind of
allergen. Thus, the use of active bed covers along with
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regular vacuum cleaning of the mattress and carpets as
well as the airing of the bedroom, reduces the allergen
load in bed and thereby creates a sleeping environment
that can ameliorate eczema.

There is further compelling evidence supporting the
involvement of house dust mites in AD pathogenesis:
high titres of Der p1 specific IgE antibodies have been
detected in 95% of AD patients correlating with dis-
ease severity'2” while these antibodies have been found
in only 42% of asthmatic subjects.?” When localized
on LCs Der p1 specific IgE antibodies are implicated in
the binding of mite allergen, thus facilitating allergen
presentation with resultant T-cell activation by up to
1000-fold. 28

Rawle et al'2 were the first to describe proliferative
responses to Der p1 by peripheral blood mononuclear
cells of almost all AD patients whereas later Kimura
et al®® showed the correlation between disease severity
and high levels of mite-induced lymphocyte prolifera-
tion in infants with AD. The ability of Der p1 to induce
T2 cytokine production in allergic subjects is now
well established and consistent with responses seen in
T-cell lines stimulated with Der p1.139 Apart from its
direct effect on T cells Der p1 pulsed dendritic cells of
atopic subjects bias T(;2 development via up-regulation
of TARC and MDC, thus ensuring that recently CCR4
activated Tp;2 cells are attracted and do not migrate
back to the draining lymph nodes.!3! Of note, dendritic
cells from healthy donors exposed to this allergen
preferentially attract Tyy1 cells via IP-10 production.!3?
Additionally, Der p1 mediates cleavage of the CD23 IgE
receptor localized on human B cells and of the CD25
subunit of the T-cell IL-2 receptor, which further may
enhance its allergenicity.!33 It also increases paracellular
permeability through disruption of intercellular tight
junctions in the respiratory epithelium,'3* hence poten-
tiating the availability of environmental aeroallergens to
dendritic cells.’3* Moreover Der p1 triggers inflamma-
tory cytokine release from epithelial cell cultures,!3®
although this aspect has not yet been confirmed in vivo.

CONCLUSION

In summary, AD is a common, inflammatory skin
disorder that affects about 10% of the population, with
increasing tendency and public interest in the disease
during the last few years. The complex interaction
between genetic and environmental mechanisms,
along with an intensive network of cytokines and
chemokines orchestrating the development of disease-
related mechanisms, represents an active line of investi-
gation particularly as an unifying pathogenic concept
of AD has not yet been established. Besides, it is gener-
ally accepted that the course of the disease may be

Table 9.4 Evidence for the participation of
inhalant allergens in AD

e Allergen specific T cells invading the skin”>-7°

o Allergen specific IgE'?7

e AD exacerbation following allergen inhalation87-88

e AD exacerbation following epicutaneous allergen
application99:103

e APT skin lesions induced by the relevant allergen8®9!

e Allergen avoidance of clinical benefit?6.123-126

seriously pronounced following skin exposure to
inhalant allergens such as mites, animal dander, mould,
and pollens. Once entering the body either through the
epidermal or the respiratory route they initiate a spe-
cific immune response leading to the generation and the
subsequent recruitment of allergen specific T cells into
the skin thereby primarily interfering in AD pathogen-
esis. For this reason standard testing modalities includ-
ing SPT and serological assays help to identify these
potential inhalants that particularly trigger the type I
immune response. Additionally, the APT has emerged
as an in vivo model to study the T cell-based and
DC-mediated skin inflammation of AD patients reflect-
ing a classical delayed type IV hypersensitivity. Thus,
together with other diagnostic tools, the APT could be
employed in the management of disease achieved by
allergen avoidance. Unfortunately, minor modifica-
tions critically influence the outcome of this test proce-
dure and therefore prevent clear interpretation and
comparison of the results obtained. To address this
a standardized patch test protocol has been performed
by ETFAD, leading to satisfactory results in terms of
specificity, sensitivity and reproducibility.

Most recently, a European multicentre study group
patch testing AD patients of 12 different study centres
according to the ETFAD criteria showed that mites,
animal dander, and pollens acted as triggers for AD
exacerbation; yet the clinical relevance of this test
system has still not been fully elucidated. Nevertheless,
all data on APTs consistently state the higher positivity
towards house dust mites suggesting that these kinds of
allergens are frequently involved in the development
of such APT skin lesions and seem to be crucial precip-
itating factors of AD. Indeed, exposure to high doses
of mite allergen in early infancy is associated with a
higher incidence of developing eczema; on the other
hand, efforts to create a dust mite-free environment
yield significant improvement in the clinical symptoms
without complete remission. The available evidence
indicates that at least in a subgroup of AD patients
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inhalants contribute to the pathogenesis. It is possible
that sensitization and subsequent disease exacerbation
occurs via the respiratory route as well as through the
disrupted skin barrier. However, proper diagnostic
tools are urgently needed to identify this subset of AD
patients with acceptable diagnostic reliability.
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Itch — pathophysiology and treatment

Sonja Stander, Thomas A Luger, and Martin Steinhoff

INTRODUCTION

Pruritus, regularly defined as an unpleasant sensation pro-
voking the desire to scratch,! is a diagnostic hallmark of
atopic dermatitis (AD).>?® As a cutaneous sensory
perception, itch is excited on neuropeptide-containing free
nerve endings of unmyelinated nociceptor fibres. It is
known that several mediators such as neuropeptides, pro-
teases, or cytokines provoke itch by direct binding to itch
receptors or indirectly via histamine release. Although
great efforts have been made during the last years, the
pathophysiology of pruritus in AD is not fully understood
but several facts explain its intensity and therapy refrac-
toricity demanding a specific management.

NERVOUS SYSTEM AND
ITCH TRANSMISSION

Sensory cutaneous nerves

The skin is equipped with an effective communication
and control system designed to protect the organism in
a constantly changing environment. For this purpose a
dense network of highly specialized afferent sensory
and efferent autonomic nerve branches occurs in all
cutaneous layers. Recent studies have clearly shown that
the sensation of itch is transmitted by a subpopula-
tion of unmyelinated, histamine-sensitive C-polymodal
nociceptive neurons to different areas of the brain
including the cerebellum, motor areas, and postcentral
sensory gyrus.*7 Cutaneous terminals are free nerve
endings located in the papillary dermis and around
skin appendages. The nerve endings are covered by a
variety of specialized receptors which contribute to the
induction of itch and burning pain. After activation of
the receptor by binding of the corresponding ligand,
the nerve fibre either transmits an electrical signal to the
central nervous system (CNS) or may directly elicit an
inflammatory reaction by antidromic propagation of
these impulses. The effector function of a nerve may

be determined by secreted neuropeptides and the corre-
sponding receptors of target structures.® In addition,
there is accumulating evidence that neuropeptides exert
multiple effects on immunocompetent cells suggesting a
strong interaction between the nervous and the immune
system,®52-11

Autonomic cutaneous nerves

In contrast to sensory nerve fibres, the distribution of
autonomic nerves is restricted to the dermis, innervating
blood vessels, arteriovenous anastomoses, lymphatic ves-
sels, glands, hair follicles, and stimulating immune cells to
release neurotransmitters. Although autonomic nerves
represent only a minority of cutaneous fibres which pre-
dominantly generate neurotransmitters such as acetyl-
choline (ACh) and catecholamines, recent observations
revealed a potential role for neuropeptides released from
sympathetic and parasympathetic neurons during cuta-
neous inflammation. Moreover, autonomic nerve fibres
participate in the regulation of vascular effects in the
skin by releasing ACh and vasoactive intestinal peptide
(VIP).1>716 In addition, muscarinic and nicotinergic
acetylcholine receptor expression has been described on
keratinocytes, melanocytes, fibroblasts, and lymphocytes
indicating a regulatory role of the autonomic nervous
system in the induction of inflammation.!7-20

Nervous system in atopic dermatitis

Several investigators demonstrated that cutaneous
nerve fibres in atopic skin lesions are altered in number
and morphology. An increase of sensory but decrease of
adrenergic autonomic nerve fibres was observed?! indi-
cating a differential role of primary afferent and auto-
nomic nerve fibres in pruritus pathophysiology. Mihm
et al?? described cutaneous myelinated nerves appear-
ing demyelinated and sclerotic. However, other groups
were not able to confirm these pathological changes
upon light microscopical level.?>2*  Furthermore
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lesional atopic skin showed an increased number of
neurofilament-, PGP 9.5-, calcitonin gene related pep-
tide (CGRP)-, and substance P (SP)-positive nerve fibres
in the papillary dermis,?® at the dermoepidermal junc-
tion,?32¢ in the epidermis,?! and around sweat glands.?”
At the ultrastructure level, the axons contained many
mitochondria and neurofilaments with abundant neu-
rovesicles?® confirming immunohistological findings. In
a semiquantitative analysis, Sugiura et al*S found differ-
ent densities of PGP-positive peripheral nerves. Highest
density was in prurigo lesions, followed by lichenified
lesions, and subacute lesions. Early acute lesions of AD
showed almost the same density as non-involved skin
of patients with AD. These results were confirmed by
electron microscopical investigation. Lesional AD skin
revealed an increased content of hyperplastic nerve
fibres with enlarged axons.?325 Terminal Schwann cells
seem to migrate closer to the epidermis as in normal
controls.?? In addition, axons lost their surrounding
cytoplasm of Schwann cells in some areas and may thus
communicate directly with dermal cells.?’

The hyperplasy of nerve fibres and increased content
of neuropeptides in AD may be explained by increase in
nerve growth factor (NGF) as found in the blood?® and
skin.2231 NGF is essential for the development and
function of peripheral and central neurons. An increase
of NGF stimulates nerve fibre proliferation in lesional
AD skin and contributes to the altered nociception.
Together, a higher immunoreactivity for most neu-
ropeptides like CGRP and SP and altered nerve struc-
tures suggests that peripheral nerve fibres may play a
role in the pathophysiology of itching in AD.%®

Central transmission and central
sensitization

Pruritic information is transmitted via the dorsal root
ganglion to the spinal cord. At the spinal level, spinothal-
amic projection neurons were found to be selectively
excited by histamine and thus probably participate in
the transmission of pruriceptive information in a dedi-
cated neuronal pathway.®32 In addition, PET (positron
emission tomography) studies in humans could show
activation of the primary sensory cortex after cutaneous
histamine application.”*> Motor-associated areas were
activated which correlates to the desire to scratch. In
contrast to pain, itch does not provoke a spinal reflex.
The scratching movement is governed by a centre in the
distal medulla close to the bottom of the IV ventricle
being under control of midbrain structures.3* The obser-
vation that rubbing, scratching, and pressing temporar-
ily relieve the sensation of itch may be explained by
the ‘gate-control-theory’: painful sensations transmitted
via fast conducting A-fibres suppress slow conducted
pruritic sensations on the spinal level.

Interestingly, recent observations suggest a central sen-
sitization for itch in AD patients.?3-3¢ After application of
noxious stimuli in lesional skin of patients with AD, itch
was evoked instead of burning pain. The authors con-
cluded that the chronic barrage of pruriceptive input
may elicit central sensitization for itch, so that painful
sensations no longer inhibit itch but on the contrary is
perceived as itch. In contrast to the well-known A-fibre-
mediated allokinesis and hyperkinesis, this type of central
sensitization appears to be elicited by C-nociceptors. This
also explains the fact that, in AD, itch is also evoked by
weak mechanical stimulation, like the contact of wool on
the skin, which is at variance with the insensitivity of
pruriceptors to mechanical stimulation.

CUTANEOUS NEURORECEPTORS AND
MEDIATORS: INDUCTION OF PRURITUS

Itching is induced by a large variety of chemical mediators
binding to specialized receptors on free nerve endings.
Several studies could demonstrate that itch in individuals
with AD follow different pathways as compared to non-
atopic individuals. For example, while normal volunteers
experience intense pruritus after injection of histamine
or substance P, patients with AD only remark weak itch
sensations (Table 10.1). The following section gives an
overview about the mediators and receptors playing a role
in the cutaneous elicitation of pruritus in AD.

Histamine

Many mediators triggering itch have been investigated
in AD. Among them, histamine has been a persistent
candidate and has been the most thoroughly studied
pruritogen for decades. About 80 years ago, Lewis
reported that intradermal injections of histamine pro-
voke redness, weal, and flare (so called triple response
of neurogenic inflammation) accompanied with
pruritus.>”% Williams3® suggested that histamine may
play a role in the pathogenesis of AD since intramuscular
histamine injections resulted in pruritus. Elevated
histamine levels in both lesional and uninvolved skin in
AD patients were also reported.*%>*' However, recent
investigations were not able to detect increased histamine
levels in the skin.*? Uehara et al*3-#¢ noticed reduced itch
sensations in response to either intracutaneously injected
or iontophoretically applied histamine when compared
to non-atopic healthy subjects. Furthermore, intrader-
mally injected substance P (SP) releases histamine and
provokes diminished itch perception in patients with AD
in comparison to healthy subjects which underlines the
minor capacity of histamine to induce pruritus in AD.*’
These conflicting results of elevated levels of histamine
and diminished itching after histamine application may
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(e.g. substance P)

Acetylcholine +
Tryptase +
Cytokines: Interleukin 2 +
Interleukin 8

Neurotrophin-4 +
Eosinophils +
Platelet-activating factor (PAF)

Leukotrienes +

Cannabinoids

Opioid peptides

Vanilloids, calcineurin inhibitors

Interferon gamma

Table 10.1 Cutaneous basis of itch in atopic dermatitis
Substrate Provocation of itch Mechanism
Cutaneous inductors of itch
Histamine +) Binding to histamine receptors on
sensory nerve fibres
Neuropeptides + Mast cell degranulation, increased

Cutaneous suppressors of itch

Interruption of itch transmission

Induction of itch-inhibiting
neurons on spinal level;
suppression in the skin?

Interruption of itch transmission

Suppression of pruritus

concentration in lesional skin
Central sensitization?
Binding to PAR-2 on sensory nerve fibres
Possible release of various mediators

m.n.n.

Release mediators like PAF, leucotrines;
histamine, proteinase liberation

Histamine liberators

m.n.n.

Binding to CB1 and CB2 on cutaneous
sensory nerve fibres
Binding to opioid receptors

Binding to TRPV1 on cutaneous sensory
nerve fibres
m.n.n.

—, no induction of itch; (+), induction of weak itch; +, clear induction of itch; m.n.n., mechanism not known.

indicate either an intrinsic down-regulation of neu-
ronal H-receptor density or affinity, or increased hista-
mine degradation in atopic skin.*® Consequently,
antihistamines are often not efficient in AD, as demon-
strated in experimental studies as well as double-blind,
cross-over trials.*>»*0 These results support the idea that
mediators other than histamine play the dominant role in
the pathophysiology of itch response in AD.

Neuropeptides

Several observations support the idea that an imbalance
of cutaneous neuropeptides such as SP, vasoactive intes-
tinal peptide (VIP), somatostatin, and neurotensin is one
basis for the pathophysiology of itching in AD.10-11,20,51
For example, in patients with AD, alterations in the
nerve fibre containing neuropeptide profile could be
demonstrated. Somatostatin-immunoreactive nerve fibres
were decreased in AD patients.’> Neuropeptide Y (NPY)-
positive nerve fibres and LCs are increased as compared

to healthy controls.2-*6-°2 Moreover, tissue concentrations
of VIP were decreased while SP concentrations were
increased in lesional skin.>3= SP induced effects are
mediated via activation of the neurokinin receptor (NKR)
15657 Experimental studies showed that intradermally
injected SP releases histamine via binding to NKR on mast
cells and thereby acts as a pruritogen.’® Accordingly, in
animal models, the effect of a NK1 antagonist, BITF 1149
CL, on scratching behaviour in an AD mouse model was
determined. Immediately after application a significantly
inhibited scratching behaviour was observed suggesting
an important role of tachykinins such as SP in AD.%?
However, despite these preliminary results, the complex
role of neuropeptides in AD has to be clarified in further
experimental studies.

Acetylcholine

Acetylcholine (ACh) was speculated during past years
to play an important role in the elicitation of itch
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sensations in patients suffering from AD. ACh is not
only a neurotransmitter in glandular epithelium like
eccrine sweat glands, it has also been shown to activate
muscarinic receptors on cultured human keratinocytes
and can be synthesized, released, and degraded in an
autocrine, paracrine, and endocrine fashion by human
keratinocytes in vitro.60-62 Interestingly, Scott®> found
increased ACh levels in biopsies of patients with AD
suggesting that increased production or release of ACh
is involved in the pathophysiology of pruritus in AD.

Recent investigations showed that intradermal appli-
cation of ACh elicits pruritus instead of pain in lesional
AD skin'4¢ while all healthy control subjects reported
on burning pain. These results suggested that ACh
may induce pruritus in AD in a cholinergic, histamine-
independent mechanism. Moreover, this finding may
explain the generalized itching after sweating of AD
patients since ACh is a major neurotransmitter activat-
ing sweat glands. However, since recently a central sen-
sitization in AD patients was identified,3>3¢ it may also
be speculated that this explains the results of these
experimental studies. It seems likely that it is not the
ACh administration that is responsible for the induc-
tion of itch, but the injection along with a painful stim-
ulus and the ‘translation’ of the pain sensation into a
pruritic sensation on the spinal level that produces itch.
Further studies have to clarify this issue.

Tryptase

A role of proteinases such as trypsin as pruritogenic agents
has been proposed for over 40 years®* based on the obser-
vation that intradermal injection of mast cell tryptase into
human and rabbit skin results in pruritus, vasodilatation,
and erythema.t%%¢ Recently, it has been demonstrated
that tryptase mediates its cellular effects by activating a
proteinase-activated receptor-2 (PAR-2). A recent study
showed that in AD skin tryptase was increased up to
fourfold and PAR-2 was markedly enhanced on primary
afferent nerve fibres.®*7! This suggests enhanced PAR-2
signalling as a new link between inflammatory and sen-
sory phenomena in AD patients. PAR-2 therefore repre-
sents a promising therapeutic target for the treatment of
cutaneous neurogenic inflammation and pruritus.

CUTANEOUS NEURORECEPTORS AND
MEDIATORS: SUPPRESSION OF PRURITUS

Cannabinoids

Endogenous as well as synthetic cannabinoids are
known for their analgetic potency. Recently, the
cannabinoid receptor agonist HU210 was shown to

suppress experimental histamine-induced pruritus
and also to reduce axon reflex erythema after topical
application.”? These findings suggest functional active
cannabinoid receptors are present on cutaneous nerve
fibres. In fact, both cannabinoid receptors CB1 and
CB2 were found to be expressed on sensory nerve
fibres and mast cells in human skin.”? In sum, these
studies suggest cannabinoid receptors mediate antipru-
ritic effects after activation on sensory nerve fibres.
This offers a new therapy modality of pruritus in AD.
In preliminary studies, a cream containing the cannabi-
noid palmitoylethanolamin has already showed anti-
inflammatory and antipruritic effects in AD.”*

Opioids

Opioid peptides such as B-endorphin, enkephalins, and
endomorphins play a major role in the nociceptive
pathway in the central nervous system by interacting
with opioid receptors (M-, 8-, k-, orphan-receptor).
Systemically administrated morphins reduce pain but
induce pruritus on the spinal level.”-89 Accordingly,
opioid receptor antagonists may significantly diminish
itch in several pruritic diseases including AD.81-87

Several findings suggest a role of opioids in the
pathogenesis of AD pruritus. B-endorphin serum
levels were demonstrated to be significantly elevated
in children with pruritic AD.%® Skin biopsies from
AD patients revealed a significant downregulation of
epidermal mu-opiate receptor expression.’ Previous
studies revealed the presence of mu-opiate receptors on
cutaneous sensory nerve fibres”® and that opioids act
upon nerve fibres to inhibit the release of inflammatory
neuropeptides such as SP, neurokinin A and CGRP¢%-!
suggesting that peripheral opioids diminish sensitivity
of peripheral nerve endings. It may therefore be specu-
lated that the reduced expression of mu-opioid receptors
increases the peripheral sensitivity in AD and contributes
to histamine-unrelated chronic pruritus.

Vanilloids and calcineurin inhibitors

Capsaicin, heat, and protons bind to a receptor of the
TRP family, the TRPV1. This receptor was recently
described on peripheral cutaneous nerve fibres with con-
stant expression also in AD skin biopsies.”? Along with
repeated topical application of capsaicin, the release and
the reaccumulation of neuropeptides such as SP are
inhibited in unmyelinated, polymodal C-type cutaneous
nerves. Moreover, the nerve fibre is desensitized and
itch sensations are not transmitted to the CNGS.%3-%8
Consequently, topical application of capsaicin proved to
be an effective treatment in otherwise intractable pruri-
tus of AD.%7?8 Interestingly, the calcineurin inhibitors



tacrolimus® and pimecrolimus'®’ were recently demon-

strated also to bind to the TRPV1 which explains their
significant antipruritic effect.

CYTOKINES AND INFLAMMATORY CELLS

Cytokines are released from various cutaneous and
immune cells during inflammation. Certain cytokines
have been demonstrated to induce pruritus and activate
neuropeptide release from sensory nerves in the skin of
patients with AD.

Interleukins

While interleukin (IL)-1 does not seem to correlate with
itching, IL-2 is claimed to be a potent inducer of pruri-
tus. As observed upon therapeutical application, high
doses of recombinant IL-2, as given to cancer patients,
frequently provoke redness and cutaneous itching.!0!
Furthermore, AD patients treated with oral cyclosporin
A, a drug that inhibits the production of various
cytokines including IL-2, experience attenuation of
itch.192:103 Additionally, a single intracutaneus injec-
tion of IL-2 induced a low-intensity intermittent local
itch with maximal intensity between 6 h and 48 h as
well as erythema in both atopic and healthy individu-
als.104105 Interestingly, in patients with AD, this reac-
tion tends to appear earlier than in healthy controls.
Moreover, bradykinin appears to enhance the effect of
IL-2-induced pruritus on sensory nerves. % Upon prick
testing, supernatants of mitogen-stimulated leucocytes
were pruritic in AD patients but not in controls, prob-
ably due to increased concentration of IL-2 and I1-6.107
The mechanism for the induction of itch by IL-2
remains to be established, but the latency preceding the
itch response after injection in AD patients suggests an
indirect pruritogenic effect of IL-2 via other mediators.

Recently, various studies revealed increased levels
of the proinflammatory chemokine IL-8 in lesional
skin, %8 plasma,!% and blood mononuclear cells!10: 111
especially eosinophils,!!2 of AD patients. However, the
capacity of IL-8 to induce pruritus is questionable since
prick testing with II-8 does not induce wealing or pru-
ritus.'10 Further studies will have to clarify the influ-
ence of IL-8 in the pathophysiology of pruritus.

Interferon gamma

Interferon gamma (INF-y) appears to have a beneficial
effect on pruritus in AD.'"3 In a double-blind study,
pruritus was reduced by 50% even 1-2 years after long-
term treatment with recombinant human interferon
gamma.'!* It is well known that INF-y production is
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profoundly diminished in peripheral blood mononu-
clear cells of AD patients''S which may contribute to
the development of pruritus. Although an important
role of INF-y in the pathophysiology of pruritus in AD
is likely, the underlying mechanism by which low INF-y
levels induce pruritus, however, has to be identified.

Neurotrophin-4 (NT-4)

Recent observations indicate that neurotrophin-4 may
be involved in inflammatory and itch responses of
patients with AD. NT-4 is a keratinocyte-derived
agent which is highly expressed under inflammatory
conditions and which exerts growth-promoting effects
on nerve cells. Accordingly, NT-4 expression was
found to be significantly increased in lesional skin of
patients with AD and in prurigo lesions of AD skin.!1®
Interestingly, NT-4 production can be induced by
INF-y, which itself is known to have a beneficial effect
on pruritus. These findings suggest a close relation-
ship between immune and neurotrophic factors in the
pathophysiology of pruritus in AD.

Eosinophils and basophils

Although a role of eosinophils in the pathogenesis
of AD is well established, their role in the pathophysiol-
ogy of pruritus during AD is still an enigma. Eosinophils
release factors which may have a direct pruritogenic
effect such as platelet-activating factor, leucotrienes,
prostanoids, kinins, cytokines, and proteases.!!7-122
They may also exert an indirect itch response by acti-
vating mast cells to release histamine or proteinases
from eosinophils. In summary, although some reports
are in favour of a role for eosinophils during pruritus
in various diseases,'!”-11% direct evidence for a role of
eosinophils for itch responses during AD is still lack-
ing. In patients with AD, peripheral blood basophils
are normal in number, but in vitro studies revealed
abnormal function with increased or faster histamine
releasability.!?3* However, Bull et al could demon-
strate that basophils and basophil release of histamine
do not contribute to induction of itch and erythema in
patients with AD.125

Platelet-activating factor

Platelet-activating factor (PAF) is a lipid mediator with
a potent proinflammatory activity. PAF is released by
several inflammatory cells such as mast cells, eosinophils,
basophils, and neutrophils.®” PAF could be demon-
strated to increase vascular permeability. Consequently,
a weal and flare reaction as well as pruritus resulted after
intradermal injection suggesting release of histamine by
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PAF.126 Several PAF antagonists have been developed
so far, and preliminary results of a double-blind study
applying a synthetic PAF antagonist topically could
demonstrate a statistically significant reduction of pruri-
tus in patients with AD during the first 2 weeks of ther-
apy.'2” However, further studies will have to clarify the
practicability of PAF antagonists upon daily use.

Leukotrienes

So far, the role of leukotrienes in the pathogenesis of
pruritus is speculative, although there is increasing
evidence about their relevance in elicitation of itch.
Andoh et al'?® demonstrated that intradermal injected
leukotriene E4 is able to provoke scratching in mice.
Additionally, a correlation of nocturnal itch and
high urinary leukotriene E4 levels was demonstrated
suggesting that increased production of leukotrienes
may contribute to nocturnal itch induction in AD.!2
Preliminary studies showed reduction of pruritus in
patients with AD during treatment with the leukotriene
receptor antagonists zafirlukast and zileuton.!30-132

TRIGGER FACTORS AGGRAVATING
PRURITUS PERCEPTION IN ATOPIC
DERMATITIS

The skin of AD patients reveals a higher tendency to itch
upon minimal provocation, due to reduced itch thresh-
old and prolonged itch duration to pruritic stimuli as
compared to healthy skin.!33-135 A series of pruritus
triggering factors are known'3S which release mast cell
mediators or vasomotor and sweat reactions to cause
itch, and all may be subjected to emotional influences.!3*

Scratching

It is frequently debated if scratching itself leads to the
induction of AD or if itch along with scratching is a con-
sequence of the presence of eczemas. However, the influ-
ence of the itch-scratch response on the pathophysiology
of AD has not been precisely elucidated. A recent animal
study addressing this issue suggests that scratching
behaviour contributes to the development of dermatitis
by enhancing various immunological responses.!3¢ In a
murine AD model, capsaicin-sensitive sensory nerves
of mice were ablated by neonatal capsaicin treatment,
and the development of spontaneous dermatitis in the
ablated mice was compared with that in non-treated AD
mice. Interestingly, scratching behaviour was almost
completely prevented in the capsaicin-treated mice,
and — more importantly — the development of dermatitis,
elevation of the serum IgE level, and the numbers of

infiltrating eosinophils and mast cells were significantly
suppressed. Immunological studies showed that the
capability of spleen T cells to produce both T-helper
(Th) 1 (interferon-gamma) and Th2 (IL-5 and IL-13)
cytokines was diminished. These findings suggested
that the prevention of the itch sensation and/or itch-
associated scratching behaviour may be an additional
important step in the basic treatment of AD.

Epidermal barrier

Xerosis of the skin in patients with AD reflects a dis-
turbed epidermal barrier and is a well-known activator
of pruritus in AD patients of all ages. An increased
transepidermal water loss and a decreased ability of the
stratum corneum to bind water were measured'3” which
may result from incomplete arrangement of intercellular
lipid lamellae in the stratum corneum.!3$:13% A decrease
of water content below 10% seems to be crucial for
induction of itch and scratching.!*? This generalized
dryness of the skin triggers pruritus by unknown mech-
anisms.37:138 One possibility may be that an impaired
barrier function in the skin supports the entrance of irri-
tants and itchy agents.!#1142 Additionally, pH changes
within the skin may activate itch receptors.”’

Interestingly, a recent study showed that psycholog-
ical stress induces alterations in the epidermal barrier
homeostasis and stratum corneum integrity.'*3 In ani-
mal studies, psychological stress results in decreased
lamellar body formation and secretion, as well as in
decreased corneodesmosome production. These find-
ings suggested a correlation between stress factors and
decreased barrier function.

Stress

In general, itch can be induced or modified by cognitive
stress perception like fatigue, anxiety, and repressed emo-
tions as well as psychiatric diseases like depression.!44151
Consequently, in AD, a correlation between the intensity
of pruritus, scratching, and mental stress factors could be
demonstrated upon experimental studies.!46:147,152-154
Consistently, upon clinical examination, up to 81% of
AD patients acknowledge their pruritus to be aggravated
by emotional stress.!>> Relaxation therapies like auto-
genic training or hypnosis indirectly prove these findings
by revealing a significant improvement of itching and
eczema in AD patients.!356:157

An activation of the psycho-neuroendocrine system
seems likely to contribute to stress-induced itch in
AD. 146147 Tn g rat model, it was demonstrated that
immobilization stress triggers mast cell degranulation.' 8
Thus, increased release of pruritogenic mediators by
mast cells may result in scratching and skin lesions
following stress tension.'#® This is underlined in a



study demonstrating increased blood eosinophils, IgE,
interferon-gamma and IL-4 levels 24 h after the stress
test in AD patients.!>? The present findings suggest
that stress may be associated with atopy-relevant
immunological changes in AD sufferers. Pruritus inten-
sity may also be increased by vasodilator responses
and increased skin temperature to emotional stress as
demonstrated by psychophysiological studies.!3*160

Sweating

Generalized itching initiated by any stimulus to sweat-
ing (thermal, emotional stimuli) is a typical hallmark
and represents the most common trigger factor of itch
in patients with AD.!3%161,162 [nterestingly, increased
sweating in lichenified skin was observed in AD
patients suggesting a decreased threshold for sweat
stimulation in chronic pruritic and altered skin.'®3 The
underlying mechanism of sweat-induced pruritus
remains to be explored, but there is increasing evidence
that ACh is involved. ACh induces eccrine sweating, is
found to be increased in the skin of AD patients,®> and
finally acts pruritogenic in AD patients.'®

Microcirculation

There is considerable evidence that the cutaneous micro-
vasculature contributes to pruritus. Clinically, itching
is mostly associated with erythema and hyperthermia.
Most mediators for itching such as histamine, tryptase,
ACh, SP, and prostaglandins are potent vasodilatators,
rarely vasoconstrictors such as NPY (neuropeptide Y)
or catecholamines. Interestingly, while neuropeptide-
induced itching does not vary between atopic and
non-atopic patients, vascular responses obviously show
a significant difference between these two groups.
Moreover, patients with AD were more susceptible to
stress and showed increased vasodilatation as compared
to controls.!64

Exogenous factors

Pruritus produced by direct contact with wool in
patients with AD is a characteristic and reproducible
phenomenon.'¢%16¢ Tt is likely that the irritation is
caused by the spiky nature of wool fibres themselves
while wearing wool garments close to the skin.
Mechanical vibration seems not to be responsible for
induction of itch since it inhibits experimental, hista-
mine-induced itch.'®” Thicker wool fibres were found
to provoke more intense itching than thinner fibres
and an additional redness after application of wool
samples.!®® Other irritants like lipid solvents and dis-
infectants'®® may additionally contribute to aggravate
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xerosis. Contact- and aero-allergens as dust mites or
pollens'®! may also provoke pruritus. Microbiological
agents like bacteria (Staphylococcus aureus) or yeast
may exacerbate both dermatitis and pruritus.!3%161
Pruritus and erythema may be also triggered by sub-
stances increasing blood flow, induce vasodilatation, or
release histamine. Among those, heat, hot and spicy
foods, hot drinks, and alcohol are most likely to gener-
ate itch in AD patients.!35161:170 In early childhood,
food allergies exacerbate eczematous skin lesions,

although food allergies mostly resolve during ageing in
older children and adults.!7?

MANAGEMENT OF ITCH IN ATOPIC
DERMATITIS (TABLE 10.2)

The handling and treatment of severe itch is one of the
major challenges in the management of patients with
AD. To effect a successful suppression of pruritus, sev-
eral levels have to be considered. First of all, identifica-
tion and elimination of individual trigger factors must
be appreciated as the primary goal of the manage-
ment. #8171 Since patients frequently develop some
harmful self-treatments, e.g. alcohol-containing solu-
tions, these misleading therapies must be eliminated.
Lotions and creams lubricating the skin have to be rec-
ommended. To combat skin dryness, application of
hydrophilic emollients and bathing with oily bath addi-
tives is additionally helpful.'”! Adding substances such
as urea, menthol, camphor, and polidocanol to these
creams leads to an immediate short-term interruption
of the itch. These creams can be applied by the patients
each time the itch starts to worsen.!”? Unspecific phys-
ical modalities are described to be beneficial like
acupuncture,'”3 and cutaneous field stimulation.!”#
Another level of therapy is the handling of the
scratch artefacts. Chronic pruritus induces chronic
scratching or rubbing. Accordingly, erosions, ulcera-
tions, bleeding, crusts, and lichenifications up to
prurigo nodularis may develop. Stage-dependent, disin-
fections, antimicrobials, and topical corticosteroids
have to be applied. In patients with prurigo nodularis
or lichen simplex associated with AD, frequently an
automatic scratching behaviour develops. These
patients additionally need education to control scratch
behaviour.!”> For example, the behaviour method
‘habit reversal’ can be employed.'”¢ First, patients
become aware of their scratching behaviour by count-
ing scratch movements. In a second step, they learn a
new behaviour by reacting to scratch impulses. Scratch-
induced skin damage caused by nocturnal scratch
movements may be improved by using cotton gloves.
Also controlled physical exercise like gymnastics or ball
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Table 10.2 Therapeutic strategies combating pruritus in atopic dermatitis

Therapeutic modalities

Examples

Elimination of trigger factors

Lubrication, short-term interruption of itch

Therapy of scratch artefacts

Symptomatic therapy:
Anti-inflammatory therapy

Symptomatic therapy:
Interfering with pathophysiology of
pruritus in AD

Contradictory results

Perspiration, xerosis, emotional stress, scratching, wearing wool
fibres, using soaps, detergents, hot, spicy food, hot drinks, alcohol

Emollients

Bathing with oily additives

Lotions, creams or sprays containing menthol, camphor, polidocanol, urea
Skin care to reduce sweating-induced itch

Disinfections, antimicrobials, topical steroids

Interruption of itch-scratch-cycle: behaviour method in automatic scratching
Physical exercise

Acupuncture

Cutaneous field stimulation

Corticosteroids, topical, and systemical
Cyclosporin A

Tacrolimus, pimecrolimus

Interferon gamma

Immunoglobulin therapy

Ultraviolet light

Leukotriene antagonists
Opiate antagonists
Capsaicin

Cannabinoid agonists

Antihistamines,
Doxepin (but: contact allergy upon long-term application)
Mycophenolate mofetil

games were demonstrated in a controlled study to teach
patients to cope better with itch attacks.!””

Since chronic scratching represents also a trigger
factor and maintains the itch-scratch-cycle, the most
important step in the management of the AD patients is
the interruption of itch by an effective symptomatical
topical and/or systemical therapy.

Symptomatical topical and
systemical therapy

Studies concerning the pathophysiology of pruritus clearly
demonstrated that different nociceptive mechanisms are
involved in AD. Thus, conventional therapeutic modal-
ities like antibistamines often fail to ameliorate pruritus
in AD.'78 This is comprehensive with the idea that his-
tamine is not the major mediator of pruritus in AD.*
Placebo-controlled studies concerning the antipruritic

effect of oral antihistamines have shown conflicting
results in AD. In some studies, no superior effect was
observed as compared to placebo®®17%-180 while others
showed a significant antipruritic effect.*¢:181:182 [n recent
experimental studies, the Hj-antihistamine cetirizine
could be demonstrated to focally reduce itch.*¢ How-
ever, an evidence-based review concerning the efficacy of
antihistamines in relieving pruritus in AD concluded
that little objective evidence exists for H,-antihistamines
to demonstrate improvement of pruritus.!”® Topical
application of the tricyclic antidepressant doxepin is
suggested to have antipruritic effects because of its high
affinity to H; histamine receptors. In fact, 5% doxepin
cream revealed improvement of histamine-induced
and SP-mediated cutaneous responses but also evoked
sedative effects in some patients.'$3184 Unfortunately,
doxepin was accompanied by contact allergies after
long-term application.!$5



In general, anti-inflammatory, immunomodulating
therapies as regularly applied in AD often result also in
cessation of pruritus, since they suppress the inflam-
matory mechanisms underlying the induction of itch.
So far, most effective and consistent antipruritics remain
systemic immunomodulators such as glucocorticoids,
cyclosporin A (CyA), tacrolimus, pimecrolimus, and
ultraviolet light therapy.!9%186-189 Moreover, there are
no evident and efficient alternatives to topical application
of corticosteroids for the control of acute episodes in
AD.189-191 With reduction of skin lesions, a decreased
itch intensity results probably due to reduction of inflam-
matory cells and protection of depolarization of nerve
fibres mediated directly by the steroid.'®? CyA, a cyclic
polypeptide with potent immunosuppressive effects, has
been reported to have a considerable itch-relieving effect
in various diseases including AD. In a randomized
study, CyA was demonstrated to significantly reduce itch
intensity.!92 After discontinuation of this therapy, pruri-
tus recurred immediately. Since oral cyclosporin A has
demonstrated to be effective in AD, a topical CyA formu-
lation has been developed to avoid adverse systemic
effects. However, no significant improvement of AD was
found upon clinical application.'?3

Recently, much interest has been drawn to tacrolimus
and pimecrolimus, both effective immunomodulators
and calcineurin inhibitors. Although the mode of action is
similar to that of CyA, the molecular weight is lower and
their potency of inhibiting T-cell activation is higher.
Multiple, large randomized studies in recent years con-
firmed the ability of topical administration of tacrolimus
and pimecrolimus to interrupt acute attacks of AD,
quickly reduce pruritus, and prevent exacerbation after
cessation of eczemas in adults and even children with
AD.1%*1% Treatment with interferon gamma has been
shown to be effective not only for the improvement of
erythema, excoriations, and lichenifications, but also of
pruritus.' 4197198 In addition, this effect was maintained
up to 2 years after therapy.'™ Amelioration of pruritus
has also been described under intravenous immunoglob-
ulin therapy in few cases of AD.1%9200 As of yet, however,
no controlled studies have been performed.

Other therapeutical modalities such as capsaicin,
opiate receptor antagonists,32-8¢:87 and leukotriene antag-
onists'30-132 3150 appear to be promising new approaches
in the therapy of AD, but will have to prove their safety
and practicability in further controlled studies. In conclu-
sion, the pathophysiology of pruritus in AD has not been
evaluated completely. Accordingly, no specific antipru-
ritic agent has been developed, and management of itch in
AD is confined mainly to immunomodulating therapies.
However, the consideration of several levels may improve
this distressing situation for the patients. Further investi-
gations are necessary to establish antipruritic substances
influencing the centrally and peripherally altered itch

97,98
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perception in order to interfere with the complex patho-
physiology of pruritus in AD.
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Psychosomatic aspects of atopic dermatitis

Gereon Heuft and Gudrun Schneider

THE HISTORICAL DEVELOPMENT OF
PSYCHOSOMATIC DERMATOLOGY

Embryologically, skin and the central nervous system
(CNS) have the same origin in the ectoderm and are
functionally closely related. One speaks of the skin as
‘reflecting the soul’. Skin is a communication organ and
plays an important role in the development and social-
ization over a whole life span. Skin is sensitive to tactile
stimuli and responds to emotional stimuli. Skin diseases
have a direct influence on communication, physical
experience, as well as sexuality. Since skin is subject to
one’s own perception as well as those of others, skin
diseases provoke reactions from the social environment
and have an influence on self-confidence as well as rela-
tionships to other people culminating in either real or
alleged stigmatization. Because of the immediate avail-
ability of their skin manifestation, patients have access
to their lesions at all times, so that behavioural aspects
(such as scratching, touching, exaggeration or neglect of
the required skin care) may lead to new lesions and
complications in the course of the disease. Personality
aspects, certain coping strategies as well as mechanisms,
lifestyle, support, and acceptance through the social
environment also play an important role.
Psychosomatic aspects of different skin diseases
have a long tradition in the scientific literature. Since
1933, when Sack! founded psychosomatic dermatol-
ogy in Germany with his article ‘Skin and Psyche’,
papers have been published describing individual clini-
cal case reports, approaching the subject, e.g. through
psychodynamic/psychoanalytic interpretations (‘anec-
dotal phase’) (e.g. MacKenna 1944; Kalz 1945; Engels
1982).2 First psychophysiological measurements may
be found in Deutsch (1952).5 A phase of systematic
investigations in larger samples in some cases applying
psychometric instruments and with control group
design followed. The question was researched as to

whether certain skin diseases may be associated with cer-
tain conspicuous personality traits and intrapsychic con-
flicts (hypothesis of conflict or personality specificity), also
whether certain life events (‘life-event-research’) or stress
trigger skin diseases or their exacerbation; the influence
of skin disease on self-perception and quality of life was
also researched. In the past 20 years, research has led to
important insights into the psychophysiological and psy-
choneuroimmunological relationship of many dermatoses
because of the apparent close relationship between psy-
che, neuroendocrine, and the immune system.®-$

PSYCHOSOMATIC ASPECTS OF
ATOPIC DERMATITIS

Atopic dermatitis (AD) is a frequently found skin
disease characterized by chronic or chronic relapsing
itching lesions; in children these are especially
eczematous-exudative with a scratch effect, crusts, and
lichenification. The frequency in the population has
increased in recent years, and hereditary disposition
has been proven.’ In atopics, disorders of the humoral
and cellular immunity (raised serum IgE, defect of the
T-suppressor cells, low natural killer cell activity), veg-
etative regulation disorders with a reduced sebaceous
gland production, and a disorder in perspiration have
been verified. At present, a multifactorial pathogenesis
is assumed,!® whose course may be decisively influ-
enced by psychic factors.

Rook et al'! introduced their chapter ‘Psychocutaneous
Disorders’ in the ‘Textbook of Dermatology’ as follows:
‘... the role of emotional factors on diseases of the skin is
of such significance that, if they are ignored, the effective
management of at least 40% of the patients attending
departments of dermatology is impossible.” Obermayer!'?
reported 66% and Medansky et al'3 even 80% of derma-
tologic patients as ‘psychogenically influenced’.
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The prevalence of anxiety and depression was mostly
investigated. Depression scores and suicidal reflections
were mostly found in the cases of disfiguring skin dis-
eases: Gupta et al'* found suicidal thoughts in 7.2% of
the inpatient psoriatic patients, in 5.6% of the patients
with (non-cystic) acne, in 2.1% of AD and outpatient
psoriatic patients, while alopecia areata patients
reported no suicidal thoughts at all. In an investigation
in German departments of dermatology, 23.2% of the
heads of the departments found psychotherapeutic
therapy to be a necessary requirement in addition to
dermatological treatment.!®

The relevance of developmental psychology
and personality for atopic dermatitis

Cutaneous stimulation during childhood seems to be an
important factor in cell growth and CNS maturation;
this has been shown both in animal models as well as for
premature children.'® Dermatosis influences tactile stim-
uli early on; it stands to reason that primary objects
develop a special relationship to those babies who suffer
from dermatosis, who are being ‘tortured’ by the chronic
itching and who cannot be calmed down. This puts into
perspective earlier ‘discoveries’ on the pathology of a
mother—child relationship especially in the context of
‘rejecting’ mothers.!” It is possible that such a possible
rejection may also develop due to the illness the child has
developed, so that a disturbed parent—child relationship
may in turn worsen the dermatosis, the child ending up
in a circulus vitiosus by scratching excessively to com-
pensate non-fulfilled needs.'® Qualitative evaluation of
interviews in 5 families with neurodermatitis children
demonstrated illness-related burdens for the family;
however, family-typical and not illness-typical coping
patterns could be found.!”

Even controlled studies have presented inconsistent
results for mothers with distinct psychological traits and
with neurodermitis children: mothers of babies and
small children with atopic eczema described themselves
as more depressed, more hopeless, more anxiously over-
protective, and their child as being less positive in its
emotional behaviour than mothers of a control group
with healthy children. Pauli-Pott et al?* and Ring et al?!
described 14 mothers of neurodermitis children as being
‘less spontaneous, more controlled and less emotional
than a normal collective’. ‘Strictness’ as a method for
raising children was described by the neurodermitis chil-
dren as being more evident in mothers, while the fathers
were less conspicuous. These results, however, could not
be replicated in the controlled investigation carried out
by Langfeldt*? with 50 mothers in each group. Absolon
et al?? also found no striking differences.

A child may also be influenced in its further develop-
ment: e.g. itching may lead to sleeping disorders, may

reduce concentration, and may lead to a worsening in
school achievement. The altered physical appearance
may also lead to an altered self-perception and a lower-
ing of self-awareness.?* Whereas Ring et al?! found no
psychometric differences in school children with AD
when compared to a control group, Absolon et al?3
found psychically conspicuous behaviour twice as often
in children with an average or severe case of atopic
eczema than was the case for children with only a slight
case of neurodermitis or a healthy control group.

Conspicuous personality behaviour has been repeat-
edly reported for neurodermitis patients: raised values
for neuroticism, raised values for anxiety and depres-
sion have been found,>*2¢ raised excitability, and inad-
equate coping with stress;>” however, these may also be
found in other psychosomatically determined illnesses
as well and are therefore not specific for neurodermitis.
Considering the burden involved in pruritus and the
obvious skin disease, visible to all, as well as the early
beginnings of the disease, there is every reason to believe
that certain personality traits develop in the course of
the illness and may interact with the course of the dis-
ease. All in all no specific personality types could be
consistently described for neurodermatitis patients.?
However, there are indications that subgroups may be
found that are psychically conspicuous.?%»2?

Atopic eczema and life events and/or stress

The basis of life-event-research in the 1960s was the
model that the sum of ‘critical’ life events (without tak-
ing the context and the person involved into considera-
tion) leads to illness. The 1970s and 1980s emphasized
the inclusion of subjective burdens due to situations/
events, the role of personality aspects, and the experi-
enced social support in coping; this was expanded in the
1990s to include the salutogenetic perspective. Today,
the sum of everyday burdens is considered to be a chronic
life-event. Chronic psychosocial burdens influence the
activity of the hypothalamus-hypophyseal-adrenal cor-
tex system and the sympathic nervous system3%3! and
lead to molecular and structural changes in the brain.3? In
the present life-event and stress research the following
question is considered: “‘Which life event influences which
person with what characteristics at which point in time
under the impact of what factors in what way, i.e. which
disorders are evoked in what way and which mechanisms
play a role?” (Seikowski et al, p. 5733).

Psychosocial stressors like burdening life-events and
psychic burdens are regarded to be important factors
triggering exacerbations of AD. To research the rela-
tion between stress and neurodermitis, retrospective
interviews, life-event research, experimental stress reac-
tions, and chronologic serial analyses as well as psy-
chotherapy evaluation studies were applied. Despite



the many published papers on the relation between
neurodermitis and emotional factors, only a few papers
actually satisfy scientific methodology standards.?* The
largest sample up to now (1457 patients with AD) was
investigated by applying a questionnaire after the
earthquake in Hanshin, Japan on January 17, 1995.
38% of the neurodermitis patients from the area most
severely affected (A) and 34% from the area less
severely affected (B) reported worsening of their skin
disease as compared to 7% in the control group.
Improvement was reported by 9% from A, 5% from B,
and 1% in the control group. Subjectively felt stress
was reported by 63% from A, 48% from B, and 19%
from the undamaged area. In the multiple logistic
regression analyses, subjective stress was the best pre-
dictor for the exacerbation of the skin disease.?’

In serial analyses the explicit influence of stress fac-
tors on the severity of skin alterations and different
immunological parameters could be demonstrated.3® It
was interesting that 24 hours later an increase in psy-
chic burdens was associated with a distinct worsening
of dermatologic symptoms; however, patients also
reported an increase in burdens 24 h after skin exacer-
bation. This could refer to the fact that in the sense of a
circulus vitiosus psychosocial burdens were both the
cause as well as the result of dermatologic illness.
Correlations between the degree of severity of the self-
evaluated itching and the level of depression for the dif-
ferent itching dermatoses, among others the atopic
eczema, could be shown.3”

Psychophysiological and
psychoneuroimmunologic aspects
of atopic eczema

As serial analyses have proven, the relationship
between stress and skin alterations is conveyed by dif-
ferent neuroendocrine, immunologic, and vegetative
regulation mechanisms.® In a meta-analysis, clinical
depression went hand in hand with a variety of relevant
alterations of cellular immunity.?® Embryologic devel-
opment (both the epidermis as well as the CNS develop
via the neural tube from the neural plate) already
accounts for the close functional connection between
CNS and the skin organ. Deformation syndromes quite
often concern both skin and CNS. Emotions trigger
skin reactions: to blush, to pale, to perspire, etc. Many
common function systems such as hormones, neuro-
transmitters, and receptors correspond both in skin and
CNS.3° Numerous neuropeptides have been found in
the skin, e.g. substance P (SP), calcitonin-gene-related-
peptide (CGRP), vasoactive intestinal peptide (VIP),
neuropeptides Y (NPY), neurokinin, neurotensin, etc.
Neuropeptides are found in the myelinized A-fibres and
the non-myelized C-fibres both in sensitive as well as
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autonomous nerve fibres. The skin organ is extensively
supplied with various nerve fibres the sensoric nerves
not only conduct afferent nerves from the skin to the
CNS but also fulfil efferent neurosecretory functions.
Ascending conduction pathways supply information to
the thalamus, where the switching to the higher cortical
centres takes place, which are responsible for the trans-
formation of cognitive information. Descending path-
ways lead the sensoric information back to the spinal
cord to effect the peripheral autonomous answers (per-
spiration, vasodilatation, etc.) The effect of some neu-
ropeptides (SP, CGRP, VIP, NPY) are known: SP, for
example, is a potent vasodilator and raises the perme-
ability of blood vessels; intradermal injection of SP
leads to reddening of the skin and urticaria, whereby
the effect of SP is 100 times more potent than hista-
mine. SP-induced secretion from cutaneous mast cells
raises the leukocyte count in the tissue, strengthens the
phagocytosis through macrophages and neutrophils,
increases the in-vitro production of IgA through lym-
phocytes of Peyer plaques by more than 300%, poten-
tiates the activity of other mediators, etc. It has been
discussed that through the mechanism of the axon
reflexes, in emotional stress neuropeptides are released
in the skin that lead to neurogenic inflammations.
Effects of emotional stress on the skin physiology
could thus be explained; however, up to now, raised
concentrations of certain peptides could be proven
for experimental stress in the CNS but not for the
skin. Psychophysiological comparative investigations
on experimental stress between patients with neuroder-
mitis and healthy probands have led to contradicting
results: Faulstich et al*® have determined significant dif-
ferences, with a raised reactivity of heart frequency,
EMG, and fluctuation of the skin resistance in patients
with neurodermitis. Arnetz et al*! and Kohler et al*?
found no general psychophysiological hyperreactivity in
patients with neurodermitis compared to healthy indi-
viduals. Possibly there are subgroups in patients with
AD concerning the psychophysiological irritability.
The psychophysiological differences found at first
for atopic, psoriatic patients, and healthy individuals
may be due to the differences in coping, mood, or
cognition. If these factors were controlled then the
only difference found was a significantly lower secre-
tion of growth hormones under stress in the skin
patients. Functional changes in the hypothalamus—
hypophyseal-adrenal cortex axis are discussed. Scheich
et al?” reported on relations between level of serum IgE
and irritability/excitability in patients with neuroder-
mitis. Psychophysiological relations were demonstrated
for a raised self-perception and leukocyte count and
for the influence of cognitive evaluation of the inves-
tigative situation on skin reaction;*? this was valid for
both healthy individuals and patients. Of 30 inpatient
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neurodermitis patients, 90% reacted after dramatizing
instructions in a standardized histamine prick test
with increased itching and/or urticaria as opposed to a
more soothing instruction. The influence of sensoric
nerves on allergic inflammations has been presented by
Undem et al.”

Psychosocial burdens due to atopic
eczema and chronic dermatoses

Chronic skin diseases lead to severe psychosocial bur-
dens that are quite frequently underestimated, since as
a rule these diseases are not life-threatening.** Specific
dermatologic burdens are itching, and a visible impair-
ment in the case of atopic eczema. The itching may be
extensive, so that a reflexive scratching may be the case
which then leads to a circulus vitiosus of tissue damage
and subsequent itching. This itching-scratching circle is
perceived as a loss of control and is often accompanied
by extensive feelings of guilt. The visible skin alterations
may be experienced as a stigma, which may contribute
to a negative self-concept and to avoidance and social
withdrawal to reduce the anxiety of being stigma-
tized by the social environment.*’ The feeling of being
stigmatized correlates with the extent of brooding, i.e.
a strong inner preoccupation with the dermatosis.*
Women are more influenced by skin diseases than men;
patients with an atopic eczema or psoriasis had a more
impaired sex-life than healthy individuals, and here
psoriatic patients more than neurodermitis patients.
Localization and morphology of skin appearance have
an influence on the reactions of healthy individuals;
however, for the extent of the subjectively felt disfigure-
ment cognitive coping processes are more important
than the extent of the symptoms. Neurodermitis patients
with emotion-related coping strategies (avoidance of
negative emotions, high self-acceptance, low stress vul-
nerability, avoidance of generalizations and brooding)
were less impaired by the skin disease whereas a high
disposition of personal self-attentiveness contributed to
a higher burdening through the disease. In a longitudi-
nal study, coping behaviour that included expressing
emotions, looking for social support, and diversions led
to a reduction in anxiety and depression; less medical
treatment was necessary, and better physical health
could be found 1 year later. Coping strategies explained
higher variance in psychic health and life quality than
in physical health.

These empirical results show that skin diseases
themselves may be seen as psychosocial stressors that
demand coping possibilities from the individual and
that these may also be overtaxing. As a result, clinically
relevant adjustment and depressive disorders, anxiety,
etc., may develop. In the context of comorbidity, these

must be diagnosed with care and must be treated in
addition to the AD.

PSYCHOSOMATIC THERAPY
OF CHRONIC SKIN DISEASES

Psychosomatic therapy of AD includes promotion of
coping processes as well as the treatment of the psychic
comorbitidy (e.g. anxiety or depression).

Coping

The problems of coping are also defined as somatopsy-
chosomatic disorders. On a symptom level, one speaks
of an acute stress reaction (ICD-10: F43.0) if the psy-
chic symptoms last no longer than 4 weeks. A longer
duration of problems in coping is, according to ICD-10
(F43.2), defined as adjustment disorders: for example,
a 25-year-old patient with neurodermitis since child-
hood, who has not left her home for 4 months because
of an exacerbation and is therefore socially isolated.
These psychosocial symptoms may be related solely to
the severity of the skin disease, since no further (neu-
rotic) conflicts could be found.

Such burdens quite often overtax the individual’s
regulation systems that would otherwise regulate the
individual coping competence and the demands made
on the individual from the environment: the patient
experiences the limits of his personal and social
resources. The world is no longer as it once was and the
individual is no longer the same person he once was
prior to the illness.

Coming to terms with such a situation may be
doomed to failure because the patient, according to the
model of learned helplessness*” (Figure 11.1), experi-
ences the skin phenomena, for example, as something
he cannot control and thus allowing negative future
expectations to arise. The objective of psychotherapeu-
tic treatment in such cases should be to support the
patient and his family in their endeavours to adapt;
these endeavours may in turn be subdivided into inner
psychic processes and psychosocial coping processes.
The goal of both is to maintain the capability to act or
to re-attain this capability. As Figure 11.1 demon-
strates, subjective illness concepts play an important
role (external attribution: “That what is happening to
me, comes uninfluenced from the outside’).

Every illness also signifies a narcissistic insult; if
self-esteem problems have already existed prior to the
illness, then an adaptive reaction to the illness may
prove difficult. For example, a 33-year-old neuroder-
mitis patient was enraged every morning when looking
into the mirror; however, at the same time she was also
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| Negative events are experienced as uncontrollable

A

Cognitive style |—> Causal explanation Expectations Symptoms
— global —no behaviour — passivity
— stable warrants control — cognitive deficits
— internal — helplessness — self-esteem
— negative expectations — mourning
— anxiety
— aggression
— appetite
—illness

Figure 11.1 Model of learned helplessness. (Adapted according to Hautzinger M.
Depression im Alter. Weinheim: Psychologie Verlags Union, 2000.%5)

someone who reacted angrily when she was challenged
during the times without visible skin problems. Such
repetitive dysfunctional conflict patterns make it neces-
sary to take other treatment possibilities, e.g. psychody-
namic psychotherapy, into consideration (see below).

Special programmes for patients to learn to cope
with AD include behavioural therapeutic methods
such as psycho-educative elements, training in handling
stress, training in social competences, learning relax-
ation methods all with the following goal: assistance
in coping with the illness, assistance in coping with the
fear of losing control and penetration of the itch-scratch
circle.*84 These programmes are usually carried out as
group programmes on an inpatient or outpatient basis.
In practical experience, these programmes have proven
to be quite useful’® and in controlled studies in patients
with atopic eczema their efficacy with regard to derma-
tologic findings and psychosocial parameters when
compared to a solely dermatological treatment has also
been well documented.”!

Cognitive behavioural psychotherapy (CBT)

The indication for behavioral therapeutic measures is
based on symptoms, disorders, and available resources.
Changes are either achieved by learning or relearning
processes or by active environmental changes. Figure 11.2
demonstrates the basic model of cognitive therapy accord-
ing to Beck.5? In dealing with dysfunctional assumptions
(e.g. ‘Tam ugly’), those thoughts that automatically come
to mind (‘no one wants to have anything to do with me’)
are changed with regard to the external trigger, e.g. the
skin disease, so that depressive symptoms for example
may be reduced. The afflicted learn to recover their feel-
ing of internal control.

The sessions take place once a week; between the ses-
sions ‘homework’ is assigned that is previously agreed
on in the sessions. This may include practical exercises
and may include e.g. phobic avoidance behaviour or
changes in cognitive processes.

Psychodynamic psychotherapy

If in addition to AD, repetitive dysfunctional conflicts
exist since early childhood development then the indi-
cation for psychodynamic psychotherapy (PDP) is
given. As a rule, these sessions also take place once a
week. Psychoanalytic treatment with a higher fre-
quency (2-3/week) are more seldom and usually indi-
cated in patients with an additional personality or
ego-structural disorder.

Psychodynamic treatment procedures in dermato-
logic patients have been described for smaller samples in
an outpatient setting® or, depending on the severity of
the disorder, in an integrative inpatient setting.’ The
pre-post evaluation of integrative inpatient treatment in
40 neurodermitis patients demonstrated satisfactory
results.”* The advantages of inpatient treatment are:

e A continuous change between doctors/therapists
and treatment concepts can be stopped.

e Datients are given a feedback in the intensive inpa-
tient treatment programme through both the patient
and the therapist group, thus experiencing an emo-
tionally corrective experience (‘I am not that repul-
sive at all’) and are allowed new insights (‘I can
change something’).

e Inpatient treatment allows a more ‘external’ per-
spective in cases of difficult personal or familial con-
flict relations and may thus be solved more easily.
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Dysfunctional assumptions
— rigid patterns

— demands

— negative cognitive style

A

Automatic thoughts Depression
Events — absolute - emotiqnal
external & internal triggers — generalized — somatic

— biased — motor

—illogic — motivational

— inadequate symptoms

Figure 11.2  Beck’s cognitive model (Adapted according to Hautzinger M.
Depression im Alter. Weinheim: Psychologie Verlags Union. 2000.5%)

Traumatic experiences in the biography of a patient
present a special therapeutic problem. Even if the
patients insist on speaking about these severe psychic
burdens, it must be ensured that they are able to con-
trol their emotions. In these cases, an internal ‘secure
spot’ is first practised with the patient. Only when the
patient has gained enough confidence during treat-
ment, should an extensive trauma-specific treatment
follow.

Psychotropic medication

In those problems that arise in coping with illness dis-
cussed here, antidepressive medication is only indicated
if in addition severe depressive symptoms or anxiety
persist. This medication must then be applied in an ade-
quate dosage for at least 24 weeks before one can
declare them to be effective or non-effective. If the
psychic disorders are due to neurotic conflicts, then
antidepressive medication is only helpful in those cases
where severe psychovegetative symptoms such as sleep
disorders or a severe inner unrest prevail.

In acute anxiety or agitated depression tranquillizers
may be considered as a highly effective emergency med-
ication; as a rule they have a swift effect and may be
applied orally. They should, however, be applied no
longer than 4 weeks because of the pronounced risk of
dependency. This is also valid for a low-dose tranquil-
lizer dependency often found in older people and lead-
ing to chronic dysphoria and lack of interest. Low-potent
neuroleptic drugs are indicated in psychotic crises or
severe states of unrest; they should however only be
applied within the context of a psychiatric liaison
service.

In summary it may be stated that we have a broad
repertoire for both of the psychotherapeutic models
addressed here (CBT and PDP) at our disposal depend-
ing on the differential indication for therapy and the
goals aimed for (coping vs cognitive restructuring vs
handling conflicts). These psychotherapeutic approaches
may be supported by medication, in most cases antide-
pressant drugs, where indicated.
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Quality of life in atopic dermatitis patients

Matthias Augustin and Marc A Radtke

HISTORICAL DEVELOPMENT IN
QUALITY OF LIFE ASSESSMENT

Taking the patient’s quality of life (QoL) into account
in dermatological therapy has only become a matter of
course over the past two decades. The ethical basis for
this is found in the conception that it is necessary in
taking any therapeutic decision to determine whether
the benefit of treatment justifies the risks and the cost
of therapy and whether the patient will benefit from
the measures applied.! This is based on the patient’s
perspective and recording of how he experiences the
treatment which he undergoes. Therapy decisions were
often not made with the patient but about the patient.
A patient movement has only arisen in the recent past
in several countries whose activity is expressed in both
self-help groups and in public lobbying and which has
vehemently made clear to research that the relevance
for the patient must be proven both in clinical studies
and in basic research.

One great hurdle in the path was to make a person’s
QoL depictable and to develop methods of objectifying
it.2 Unlike objectifiable parameters like blood pressure,
pulse, skin findings, eczema score, EASI, the patient’s
statements about his well-being, and his QoL rest on
his subjective judgement. The fact that this cannot be
measured by an objective doctor or scientist was long
a source of uneasiness among methods developers and
medical researchers. The same sort of subjectivity prob-
lems occurred, however, in recording pain and itching, so
that acceptance now exists for course parameters which
must be recorded from the patient’s point of view.

The quality of life as a parameter in evaluating
health goals in medicine has only become important
during the past two decades, so that reliable methods
of data recording are still undergoing development, as
is the case in other areas of medicine. The first areas in
which ‘Quality of Life’ was taken into account in clini-
cal studies and in research were oncology and internal

medicine. Especially in oncology, the basic question
quickly arose after development of the numerous
chemo- and chemo-immunotherapies, as to the extent
to which the not inconsiderable side effects of the ther-
apy could be justified by an increase in the quality ver-
sus quantity of life. The frequent demand from patients
for more quality rather than more quantity of life was
addressed in the 1980s, and the clinical parameters
‘increased survival time” and ‘recurrence-free time’ set
against the parameter ‘quality of life’. It became neces-
sary to develop reproducible methods for valid and
reliable measurement of the parameter ‘Quality of
Life’. Many of the now renowned research groups for
quality of life and a variety of instruments for record-
ing QoL were the result.

An additional impetus for research into QoL was
given in medical economics.? This likewise new
research area addresses the question of how the limited
financial resources in the health system can be fairly
distributed where they are needed. In this area, it is also
mandatory to redefine the criteria for evaluating thera-
peutic procedures. The patient’s increased QoL was
recognized as one of the criteria for fair distribution of
means.® Hence, the health goals in pharmacoeconom-
ics address not only the length of life or the pathologi-
cal deviation of real values of physiological variables
from certain norm values but also the quality of life
over time.

Meanwhile there has been great QoL research
activity in nearly all areas of clinical medicine. In many
countries, recording of quality of life is demanded for
licensing or cost-reimbursement of drugs (for example,
USA, Australia, Finland, Great Britain,) or recom-
mended by the responsible authorities (EU Regulatory,
Italy, France). In some countries, guidelines have now
been published by medical societies which require
equal attention to QoL, costs, and clinical efficacy in
clinical studies (for example Germany, The Netherlands,
Switzerland).
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In summary, the historical development shows
that QoL and corresponding research have been gain-
ing in importance through social as well as health-
political legislative and last but not least medical
demands.

DEFINITION OF QUALITY OF LIFE

QoL can be divided into two subsections. On the one
hand, general quality of life which addresses basic
needs and supports a person in the social structure.
Among the components are, for example, food, hous-
ing, work, education, culture, social security, an intact
environment, or also the right to free self-determina-
tion, as defined in the UN Charter.

Health-related quality of life (HR-QoL) is differenti-
ated from this and comprises physical and emotional
well-being, social relationships, and functionality in
everyday living with respect to a person’s health.’ This,
in turn, is divided into a ‘general health-related QoL
(generic quality of life)” and a ‘disease-specific quality
of life’. Many authors emphasize that the QoL consists
less of the objective availability of material and imma-
terial things than of the degree to which an individual
actually achieves his desired status of physical, emo-
tional, and social well-being.® In psychological termi-
nology, QoL is a multidimensional construct,” which
cannot directly be measured but assessed by reflecting
its individual dimensions. General well-being, defined
as the general level of satisfaction and overall health
status, is among the dimensions of QoL. Another com-
ponent is physical functional capacity, for example
mobility, the ability to cope with daily activities, pain,
and physical symptoms. Emotional functional capacity,
as well as social and cognitive functionality (memory,
learning ability, judgement) are also part of QoL.
Feelings like depression, rage, helplessness or also par-
ticipation in social activities, family relationships, and
leisure activities are subheadings of emotional capacity
(Table 12.1).

Looking at patient-related individual benefit of QoL
recordings, it can be assumed that the measured results
based on valid, change-sensitive instruments will be
reflected in individualized therapy planning and deci-
sion-making, as well as in appropriate outcome evalua-
tion.® There is a need for valid instruments to record
QoL which include not only the clinical and biochemi-
cal aspects of the disease, but even more the physical,
emotional, and psychosocial factors which are affected
by the disease.” Due to this necessity, various instru-
ments to record QoL have already been developed
which record disease-related aspects of a certain diag-
nosis or general factors of dermatological disease.

Table 12.1
of life

Areas of recording in quality

a) Physical well-being

b) Emotional well-being

c) Social life

d) Functional ability in professional,
everyday living, and leisure activities

e) Spirituality

Moreover, QoL in health economics and health pol-
itics is decisive as a decisional parameter for the fairest
possible according-to-need allocation of the limited
resources in the health system.® It is a declared health-
political goal in all Western countries to provide the
necessary financial resources to maintain or reinstate
QoL for chronically ill patients. In order to do this, reli-
able data will be needed in future on which this cost
allocation can be based.

RECORDING QUALITY OF LIFE

It is generally agreed that recording QoL is an essential
part of disease evaluation for individualized therapy
planning and assessment of therapeutic outcomes.”!?
We differentiate between clinical recording on the one
hand and scientific recording on the other.

An essential component of clinical recording is the
detailed history and consultation with the patient and,
where necessary or desirable, his family. This is the
basis for the initial estimation of the patient’s suffering
and should go beyond the physical examination. The
patient can often give very precise and exact answers to
targeted questions on the effect on everyday living
exerted by the severity of the disease and the situation
which led him to consult a therapist. The questioning
should also address the secondary effects of the treat-
ment by itself on QoL. It has proven beneficial to
create a doctor—patient relationship which enables
including psychosocial examination in addition to
recording only the skin disease.

Secondly, de