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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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1
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.1 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.2

In 1967 Ishizaka et al3 and Johansson4 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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2 TEXTBOOK OF ATOPIC DERMATITIS

Figure 1.3 AD of the extensor surfaces and trunk in
a 1-year-old boy.

Figure 1.5 AD exacerbated by insensitivity to milk
and eggs in a 19-month-old-boy.

Figure 1.6 AD on extensor surfaces of the lower
extremities.

Figure 1.7 AD of the flexures.

Figure 1.2 Typical milkscale, also called prurigo
Besnier.

Figure 1.4 Results of intensive pruritus and
scratching in a 1-year-old infant.
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THE CLINICAL MANIFESTATIONS OF ATOPIC DERMATITIS 3

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.

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 al5 based their

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

Figure 1.9 Nummular AD in a small child.

Figure 1.10 Lichenified AD of the elbows in a child
of African origin.
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4 TEXTBOOK OF ATOPIC DERMATITIS

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

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
young female.

Figure 1.14 AD of the face with scales in a girl of
Japanese origin.

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

Figure 1.16 AD with widespread erythema in a
25-year-old man.
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THE CLINICAL MANIFESTATIONS OF ATOPIC DERMATITIS 5

Figure 1.17 Severe AD with oedema but little
erythema of the face in a 19-year-old female.

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

Figure 1.19 Retroauricular eczema in a 20-year-old
woman with AD.

Figure 1.20 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 1.22 Severe lichenified eczema of the knees in
a 17-year-old male.
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diagnosis on 4 major criteria and several minor crite-
ria (Table 1.1). Williams et al6 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.
Böhme et al7 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%),

and hand eczema (28%). Early age of onset was an
inclusion criteria for the study. Approximately half of

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.

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 I 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)
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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)
Itchy 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

THE CLINICAL MANIFESTATIONS OF ATOPIC DERMATITIS 7

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 1.27 AD in a mother and baby.

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

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

01-Reitamo-8037.qxd  2/22/2008  10:17 AM  Page 7



8 TEXTBOOK OF ATOPIC DERMATITIS

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

Figure 1.31 Herpes simplex infection at an unusual
site in a 15-year-old female with AD.

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

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

Figure 1.34 Molluscae in a 4-year-old girl.
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THE CLINICAL MANIFESTATIONS OF ATOPIC DERMATITIS 9

Figure 1.35 Irritant hand eczema in a 25-year-old
female with AD.

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

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

Figure 1.38 Chronic conjunctivitis in a 41-year-old
male with severe AD.

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

Figure 1.40 Dennie-Morgan fold in a young woman.

Figure 1.41 Orbital darkening in a 20-year-old
female with mild AD.
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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 Böhme, but when Diepgen et al8 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 al9 showed a prevalence of
55% and Tada et al10 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 al11 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.

10 TEXTBOOK OF ATOPIC DERMATITIS

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.
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THE CLINICAL MANIFESTATIONS OF ATOPIC DERMATITIS 11

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.

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

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

a b

a b
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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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Figure 1.49 A girl with Netherton syndrome

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
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2
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.1,2

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.3 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’.4 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,5 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.6 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.7,8 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).9 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).10 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.11 Typically, there is
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14 TEXTBOOK OF ATOPIC DERMATITIS

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.12

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.13 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

Strategies for disease gene discovery
in human atopic dermatitis

Candidate gene studies
association analysis

• 14q mast cell chymase
• 5q IL-4
• 16p IL4-receptor
• 11q FcεR1
• 17q RANTES

Positional cloning
linkage analysis

• Genome wide linkage studies
• Linkage on chromosome
 1q21, 3q15–21, 13q14, 15q14,
 17q21–25, 18q21, 20p 

• Identification of chromosomal
 regions containing disease genes
• Investigation of positional
 candidate genes

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

Figure 2.1 Strategies for disease gene discovery in human eczema.
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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.14 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 IU/L, heterozy-
gotes for the –1903 polymorphism were significantly
more frequent among patients with eczema compared to
unaffected controls.15 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
< 500 IU/L.16 It was suggested that this variant may
predispose to non-atopic eczema. However, further
investigations failed to replicate the association in other
Japanese,17 Italian,18 and Swedish19 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.20 The cytokine IL-4 plays a
key role in the regulation of humoral and allergic
responses. IL-4 controls the differentiation of naïve 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.21 This association, however, was
not confirmed in a larger Japanese study comprising 302
eczema patients and 120 controls.22 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.23

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.24

The effects of IL-4 are mediated by the IL-4 receptor, a
heterodimer consisting of an α-subunit (αIL4R) and either
a γc subunit (type 1 receptor) or an IL-13Ra1 unit (type 2
receptor). The gene encoding the α-subunit of the IL-4
receptor (αIL4R) is located on chromosome 16p. Linkage
studies in this region were reported for a Swedish and a
Danish study group. Söderhäll et al typed two microsatel-
lite markers closely flanking the αIL4R 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 λs =2 for eczema and λs =3 for
specific sensitisation.23 Similarly, linkage analysis in 100
nuclear families of the Danish ITA cohort (Inheritance of
Type I Allergy) excluded the region of the αIL4R gene
with λs =2 for atopy and eczema. 

The cDNA of αIL4R 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 αIL4R 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.25 Oiso et al genotyped
6 known polymorphisms in the αIL4R gene in a very
small sample of 27 patients with eczema and 29 non-
atopic controls and reported a positive association of the
Gln551Arg polymorphism with eczema (P = 0.01).26

However, this association was not confirmed in a larger
study group of the same ethnic origin.22 Recently, an
association study with promoter polymorphisms of the
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αIL4R 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 α, β, and γ. The α 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 α and β haplotypes at baseline and after
stimulation in vitro. Therefore, the functional signifi-
cance of the association remains to be explored.27

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.28 IL-13 gene expression was
also significantly increased in peripheral blood mononu-
clear cells (PBMCs) of patients with eczema than in con-
trols29 and was shown to correlate with the severity of
eczema.30 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.31 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.32 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 eczema33 as did a Canadian study in a small
sample of 29 affected children.34

The high affinity IgE receptor (FcεεRI)

The high affinity IgE receptor (FcεRI) is expressed on
mast cells, basophils, and antigen-presenting cells and
mediates allergic reactions by crosslinking with IgE. In
humans, FcεRI is expressed either as a trimer or a
tetramer. The β subunit functions as a amplifier of
FcεRI surface expression and signalling. The gene
encoding the β subunit of FcεRI 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 FcεRI 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.35 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

microsatellite marker was reported.36 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 FcεRI microsatellite marker was found.19

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.37 Association
of 2 promoter polymorphisms, −401A and −28G, with
asthma was detected in an English37 and a Chinese37 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.38

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.39

02-Reitamo-8037.qxd  2/22/2008  10:17 AM  Page 17



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 10-5 (0.05/5000) was proposed to provide a low type
I 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.40

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.1,2 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,41 as associated with a ‘western’ lifestyle,42 small
family size,43 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 (αIL4R) polymorphism
Q551R, 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.41 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 4q21.44 This region
also showed linkage to specific sensitization against
house dust mites in 66 affected sib pairs from Germany.45

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.46 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.47

Recently, the gene underlying the Mendelian disorder
Netherton syndrome has been explored for atopic dis-
orders.48 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.49 The
underlying disease gene was identified to be SPINK5.
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
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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.9

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.9 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.51 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.52 Palmer et al reported that the same loss-of-
function mutations in FLG predispose to eczema and

asthma that occurs in association with eczema.53 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.54

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.50

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 β chain of the
high affinity IgE receptor, 12q, 13q, and 16q.50
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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 cancer50 and chronic inflammatory
bowel disease.50 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.51 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).57

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.58 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.59,60 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.57

The second genome-wide scan was conducted in the
UK and included 148 families recruited through a child
with active eczema.53 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
1q21 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.54

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.55 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 1456 that is syntenic to human chromo-
some 13q14 where linkage of total serum IgE levels
and asthma has been reported.57,58 Two additional
modifier loci on mouse chromosomes 7 and 13 have
been identified.59 The respective syntenic regions on
human chromosomes 11q13 and 5q13 have repeatedly
been linked to atopic phenotypes.50 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,59 as well as eczema.59 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
15q21-25.60 The latter region has shown linkage to the
severity score of eczema in Swedish families.55 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.61 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.1,2

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.3 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.4 Cardinal features of AD are erythema-
tous eczematous skin lesions, flexural lichenifications or
papules which go along with an intense pruritus and
cutaneous hyperreactivity.5,6 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.7 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.8

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 Ishizaka9 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.10 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.11

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.12 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.13 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.14

Other risk factors include low birth weight, maternal
smoking, early infection with respiratory syncytial
virus, vaccination against Bordetella pertussis, and
early allergen contacts.15

Recently, an effective prevention of early atopic dis-
eases in children at risk from Lactobacillus GG has
been described.16 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.17

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.18 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.19

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-4Rα). It was suspected that mutations
leading to an increased IL-4 receptor reactivity such as
Q576R could be responsible for elevated IgE secre-
tion.21 Further on, polymorphisms affecting at least
4 different amino acids in the cytoplasmic domain of

IL-4Rα may significantly influence the outcome of IL-4
receptor signalling and consequently IgE secretion.12

Additionally, a linkage of high total IgE with 12q21-
1q24.1, where the genes for interferon-γ (IFN-γ) and
stem cells factor (KIT-ligand/mast-cell growth factor)
are located, was detected.22

Cookson et al found that the gene locus 11q13,
which represents the region for the β-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,23 as he revealed a signif-
icant sharing of maternally inherited alleles in region
11q13 in sib pairs with atopic IgE responsiveness.22 AD
has also been associated with a low-producer trans-
forming-growth factor phenotype.24 Similarly, variants
of the IL-13 coding region,25 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.26

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.27 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.28 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.29 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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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.30

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.31

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.32 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.34

Staphylococcus aureus is found in over 90% of
patients with chronic AD skin lesions, reaching a density
of approximately 1 million per cm2.35 Acute exudative
skin lesions can contain over 10 million of this organism
per cm2 and increased numbers have been found even in
normal skin and the nasal vestibula or intertriginous
areas of AD patients.36 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’37

(Figure 3.1).
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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.
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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 β-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.38 Superantigens augment the synthesis of
allergen-specific IgE and induce glucocorticoid resistance
in these patients.39 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.40 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.41 Autoantigens characterized for

AD are Hom s 1-5 and DSF70.42 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.18

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
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Figure 3.2 As an additional factor, autoallergens amplify the immunologic reactions in AD patients.
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as neuropeptides, which can be found within the
epidermal nerve fibres in close association with epider-
mal Langerhans cells (LCs).43 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 (α-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.44

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.45

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-10.46 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-γ production and
impaired cell-mediated immune responses.47 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
(FcεRI and FcεRII) and the IL-4Rα 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.12 Additionally, the composition
of different monocyte subsets,48 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

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,49 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.50

Extensive eosinophil major basic protein deposition has
been demonstrated in the lesional skin.51

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-α, IL-1β, and
IL-12 mRNA in the skin of AD patients after contact
with detergents or aeroallergens.52 An intrinsic defect
of keratinocytes found in AD leads to an enhanced
secretion of GM-CSF, IL-1 and TNF-α 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:CD8 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.53 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.54 Following antigen presenta-
tion by DC, Th0 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-γ 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 IL-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.56 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-
β 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.57

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.58

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 FcεRII or FcεRI, the high affinity
receptor for IgE.59 Inflammatory dendritic epidermal
cells (IDEC)60 have been reported as FcεRI bearing DC.

Thus, epidermal LC and IDEC in the skin lesions of
AD patients express the high affinity receptor for IgE
(FcεRI), 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 FcεRI
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.61 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).62–64 Classical epidermal
LC are characterized by their tennis racket shaped cyto-
plasmic Birbeck granules and their CD1a+, Langerin
(CD207)+65 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.62,66–72 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 (FcεRI) and their putative role in antigen
focusing.73

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-β levels. The high-
est expression of FcεRI 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.

FcεRI-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 FcεRI-expressing, LC-bearing IgE molecules is a pre-
requisite for producing eczematous skin lesions by the
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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 FcεRI-mediated endocytosis are channelled into
MHC class II 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 FcεRI
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 FcεRI-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 naïve 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 FcεRI 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 FcεRI 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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Epidermal barrier dysfunction
in atopic dermatitis
Michael J Cork, Simon Danby, Yiannis Vasilopoulos, Manar Moustafa, Alice MacGowan,
Jibu Varghese, Gordon W Duff, Rachid Tazi-Ahnini and Simon J Ward

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.1 Major contributors to this
hyperactivity are the many changes in the cutaneous
and systemic immune responses in individuals with
AD.2 One example is the production of raised levels of
total serum immunoglobulin IgE and specific IgE to
common allergens.3 However, the link between AD
and allergen-specific IgE remains hotly debated.4 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.3

It has been postulated that the non-allergic, intrinsic
dermatitis could be a pure, transitional form of AD.5

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.6–12 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.9

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.13

Several environmental factors have been associated
with AD, including washing with soap and detergents,
washing with hard water, and exposure to house dust
mites.14–22 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.23 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.23 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
1997/98.23 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.23 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’.24 Alternatively, it has been
hypothesized that the xerosis,25 the permeability barrier
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abnormality,26,27 or both, could drive the activity of
AD, the ‘outside-inside hypothesis’.27,28 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.28

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)-1α, IL-β, tumor necrosis factor (TNF)-α
and granulocyte–macrophage colony–stimulating fac-
tor,29,30 indicating that barrier disruption alone leads
to cytokine production, inflammation, and a flare of
dermatitis.27 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.31,32 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.33 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 TH2 responses.34 Three groups35–38 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.27

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.39 In older children, the most
common sites affected are the antecubital and popliteal
fossae.40,41 In addition to the classical patterns of AD,
there are several site-specific variants.42 Eyelid eczema
is common in adolescents, affecting up to 21% of these
individuals,40 and has been associated with hay fever
and exposure to other aeroallergens such as house dust
mites.43 The infra-auricular and retro-auricular sites
are particularly prone to fissuring, probably as a reac-
tion to repeated minor trauma.40,44,45

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. Hanifin46 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 studies47–49 have evaluated
epidermal thickness in multiple body sites and have
shown that it is thinnest in the eyelid47 and genitals.49

The next thinnest sites are the flexor forearm and pos-
terior auricular areas49 (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.50,51 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,52 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.53 Feldman et al applied
14carbon-labelled hydrocortisone to different body
areas and measured the penetration of hydrocorti-
sone by recording14 carbon activity in the urine over
the subsequent 5 days. They observed the greatest
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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.54,55

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.49 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
penetration49,53 indicate that the eyelids, posterior
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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 TH1 to TH2 switching. The defective skin barrier is therefore the initial event in the development
of AD.
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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 longer39 and with ‘low epidermal barrier
reserve’. It is probable that these body sites are the most
vulnerable to penetration of irritants and allergens46

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.56 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%.57,58 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.57 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.59 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.60 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.61 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.62–64 In one
study,62 the average thickness of the stratum corneum
was 12.2 μm in non-lesional skin from individuals with
AD and 19.7 μm in controls who had not had AD. In
other studies,63,64 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.65,66 The extrinsic
form of the disease is associated with increased levels of
total serum IgE and increased levels of specific IgE to
environmental allergens,65 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.66 The link between AD and aller-
gen-specific IgE remains, however, uncertain and
controversial.3,66–70 A recent systematic review3 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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Figure 4.2 The thickness of the epidermis in skin
samples from different body sites (Lee & Huang,
200249). The epidermis is thinnest in skin from the
plantar aspect of the foot.
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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.3 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,71 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.71,72 Could the genetic
basis of the pure, primary, intrinsic, transitional form of
AD72 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).
Elias73 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

iron rods that pass down though holes in the bricks to give
the wall its tensile strength.74

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.75 In humans, the stratum
corneum has an average of 20 corneocyte layers, each
corneocyte being approximately 30 μm in diameter.76

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.49 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.77 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,78 and is believed to exist as a single and
coherent lamellar gel.79

Disturbed maturation of the lamellar bodies has been
demonstrated in atopic skin,79 consisting of a decreased
release of the acid, lipid, and enzyme constituents of the
stratum corneum, leading to a defective barrier function.

Cell Cell

Allergens

SCCE: Low levels of proteases

CYSTATIN A
High levels of

protease inhibitors

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 LEKTI. 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.
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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.18

Other reported alterations in AD have included a consid-
erable deficiency in the main barrier lipid components80

and an increase in sphingomyelin deacylase activity,
resulting in decreased ceramide production.81

Corneodesmosomes are specialised desmosomes,
which bind the corneocytes together in the stratum
corneum82 and are incorporated into the corneocyte
envelope. They consist of the cadherin family of extra-
cellular transmembrane glycoproteins, desmoglein and
desmocollin (reviewed by Rawlings).78 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.83 Corneodesmosin is a 52kDa protein specif-
ically expressed in keratinizing epithelia.82,84,85 Following
secretion into the extracellular space, corneodesmosin is
translocated to the transition zone between the stratum
granulosum and the stratum corneum86 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.87 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.88 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.89–91 According to the model of
desquamation proposed by Caubet et al,88 inactive pro-
tease precursors are activated by tryptic cleavage, and

N M F
H2O

N M F
H2O

Filaggrin

Intact
lipid lamellae

High levels of
protease inhibitors:
e.g. CYSTATIN A

Pro-filaggrin
Low levels of

proteases: e.g. SCCE

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.
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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) 87,92–95 (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.95,96 SCCE has been shown to
hydrolyze corneodesmosin and desmocollin 1, whilst
SCTE is also capable of cleaving desmoglein1.88 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.92,94

Studies have shown that SCTE is capable of activating
SCCE,88 in addition to itself,87,94,95 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; 91,97 the aspartic protease
cathepsin D;98 and several glycosidases.78

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),99 which can itself be inacti-
vated by members of the cathepsin family.100 SCCE
is also inhibited by elafin, also known as skin-derived
antileukoprotease (SKALP), which has been shown to
covalently bind to corneocytes.101 Lymphoepithelial
Kazal-type 5 serine protease inhibitor (LEKTI),
encoded by the SPINK5 gene, may also have anti-
SCCE activity. It is expressed in similar areas to SCCE
and has been linked to Netherton syndrome,102 a skin
condition involving severe barrier dysfunction. Human
epidermis also expresses the cystatin protease
inhibitors α 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.92 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.36 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.104–106 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 SPINK5 gene, which
encodes LEKTI, have been linked to Netherton syn-
drome.35,102,107,108 Individuals with this disorder display
marked barrier dysfunction, involving altered desqua-
mation and impaired keratinization.109 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.109 Transgenic studies using SPINK5 (−/−) 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.110 Increased protease activity
in the skin of SPINK5 (−/−) mice leads to increased
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breakdown of desmoglein 1110and corneodesmosin,111

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 SPINK5 gene with AD.35,112,113

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.114 Transgenic mice
carrying a null mutation in the gene encoding cystatin
M/E display severe barrier abnormalities and die
shortly after birth.103 Mice lacking cystatin M/E have
abnormalities in cornification and desquamation with
hyperkeratosis103 (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. 115 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 aureus117 (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 sweat38

(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 TH1/TH2 switching. 118,119 The cystatin
A +344c variant may therefore represent an important
contribution to both the defective epidermal barrier
and TH2 switching.38

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
3−/− mice develop traumatized skin that displays a
marked separation of desmosomes under electron
microscopy.120 Mice lacking desmocollin 1 have been
shown to have flaky and fragile epidermis, with acan-
thyosis in the granular layer.121 Desmoplakin is also
important in epidermal sheet formation122 (Table 4.1).
Mice lacking desmoplakin have few desmosomes and a
marked reduction in barrier integrity.123 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.124,125 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.125

NMF 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

High levels of
protease inhibitors

Cell Cell

Allergens

CYSTATIN A

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,36

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 LEKTI.

04-Reitamo-8037.qxd  2/22/2008  10:18 AM  Page 44



EPIDERMAL BARRIER DYSFUNCTION IN ATOPIC DERMATITIS 45

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.115,125 Loss of function

variants in the filaggrin gene have been shown to be
linked with AD.37 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,36 and decreased levels of protease inhibitors such
as LEKTI110 and cystatin A.38 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

Sweat
gland

Cell Cell

Proteases Der p1

CYSTATIN A: High levels in sweat

CYSTATIN A

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.

Low levels of
protease inhibitors

Cell Cell

Allergens

CYSTATIN A

SCCE: Low levels of proteases

Figure 4.7 In children with AD who have the +344
cystatin A variant,36 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.
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Sweat
Gland

Cell Cell

Proteases Der p1

CYSTATIN A

CYSTATIN A: Reduced levels in sweat

Figure 4.8 In a child with AD who has the +344 cystatin A variant,38 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.

Sweat
Gland

Cell Cell

Allergens Proteases Der p1

CYSTATIN A

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,38 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 f1) 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,126 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,127

injection of MCC into the normal skin induced an
inflammatory response similar to that observed in AD.
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There is also evidence that MCC may participate in the
development of chronic dermatitis by inducing
eosinophil infiltration.128 Variants within the MCC
gene have been associated with AD in children.129 The
association was strongest in individuals with low levels
of total serum IgE.129 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.131 Some
of these proteins are cysteine and serine proteases.132

Some of these proteins have been shown to cleave adhe-
sion proteins and to increase the permeability of lung
epithelium.133 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.134

As reviewed by Storck,135 Staphylococcus aureus has
been implicated as an environmental factor in the pathogen-
esis of AD since the nineteenth century. Staphylococcus

Allergens

SCCE: High levels of proteases

Cell Cell

Low levels of
protease inhibitors

CYSTATIN A

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),36

might be combined with a change in the protease
inhibitor gene, cystatin A.38 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.

High levels of
proteases: e.g. SCCE

Low levels of
protease inhibitors:
e.g. CYSTATIN A

 N M F
H2O

N M F
H2O  

 

 

Filaggrin

Defective
lipid lamellaeH2O

Pro-filaggrin

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 gene37 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 activity167 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 × 106

organisms per cm2 are present in eczematous lesions.136

Staphylococcus aureus may play a role in the chronicity and
severity of AD through its release of superantigenic exotox-
ins.137 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.139 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.140 The average surface pH of the
forearm of a healthy male is around 5.4 to 5.9.141 In
humans, the skin surface pH at birth is near–neutral
(pH 6.5) compared with children and adults.142–144 In
newborn rats, the stratum corneum reaches adult pH
levels during the first few days after birth,145,146

whereas similar changes take a few weeks to occur in
human newborns.144,147

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),148–150 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.151–153 The acid mantle has multiple
effects on the skin. Firstly, it has a strong antimicrobial
effect,154,155 decreases skin colonization by pathogenic
bacteria,149,154,156 and favours the adhesion of non-
pathogenic bacteria to the stratum corneum.157 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.158 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.153,159

Skin pH variations have been clearly documented in
some skin diseases. Anderson160 found a total body pH
elevation in seborrheic dermatitis, AD, and xeroderma.
Others161 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.162

Similar studies161,163 documented that skin pH is higher
in AD patients than in healthy controls even on unin-
volved skin. Seidenari et al163 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.164

The skin protease SCCE exhibits a neutral pH opti-
mum.90 A change in pH from 7.5 to 5.5 reduces SCCE
activity by 50%.90,165 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.89,97,166 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.166 The importance of pH to the activity of
skin proteases was demonstrated in hairless mice treated
with ‘superbases’ that neutralize skin surface pH.167 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, β-glucocerebrosidase and
sphingomyelinase, also exhibit low acid pH opti-
mum.164,168–170 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.167 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,36 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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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.171 White et al62 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 μm) than in non-lesional eczematous
skin (13.7 μm). 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.40 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.173–176 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.177

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.178

Surfactants can solubilize lipids, and it has been postulated
that this could be the mechanism by which they increase
TEWL.178,179 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.175

The acute irritant effects of soap and detergents could be
partially explained by the release of pro-inflammatory
cytokines from corneocytes.29,30 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,31 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.

Cell Cell

Allergens

High pH

SOAP

SCCE: High levels of proteases

CYSTATIN A
High levels of

protease inhibitors

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 10.62

Proteases, such as SCCE, are pH sensitive and they have enhanced activity at neutral pH.167 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.
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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,180–182

and also against their effects on the integrity of the epi-
dermal barrier.183-185 A significant increase in TEWL
has been observed in patients following the long-term
application of topical corticosteroids.186,187 Short-term
application of topical corticosteroids (3 weeks) has also
been associated with a significant increase in TEWL
from normal skin.184 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.25,188

Sheu et al183 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/m2 per hour) compared with nor-
mal controls (6.7 ±1.29 g/m2 per hour).183,187

Kao et al185 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%.185

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.185 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,185 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 al185 also found changes in the lipid lamel-
lae similar to those reported by Sheu et al.183,188 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.189

At concentrations as low as 10−10 molar, corticos-
teroids have been shown to up-regulate SCCE gene
expression in vitro.190 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.185

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 SCCE191 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;192,193 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.36 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 corticosteroids185

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.194,195 Rebound flare was observed in
all of the patients studied by Sheu et al.183 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.29,30,196 Several of the cytokines
released following barrier disruption can induce tran-
scription from the protease genes and lead to further
barrier breakdown.197 An extreme form of rebound
flare following the discontinuation of topical corticos-
teroids is ‘the red burning skin syndrome’.198 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.183,185 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’24 or ‘outside-inside’27 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.3 It
has been postulated that non-allergenic, intrinsic AD
can be considered as a pure, transitional form of the dis-
ease.72 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.71

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.36

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
cytokines29,30 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
disease72 is compatible with the skin barrier genetic
data. The SCCE variant is strongly associated with
intrinsic but not extrinsic AD.36 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 TH1 cells are most vulnera-
ble to switching to TH2, resulting in increased produc-
tion of IL-4 and IL-5 and increased production of
IgE.199 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’27 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’24 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 TH1/TH2 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.200 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.201 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 TH2 responses and
the production of specific IgEs.118,119 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.23 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
atrophy183,201–204 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.198 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.32,203–206 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.207 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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5
Staphylococcus aureus in atopic dermatitis
Donald YM Leung

INTRODUCTION

Atopic dermatitis (AD) is a chronic inflammatory skin
disease commonly seen in patients with a history of
asthma or allergic rhinitis.1 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.2 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.4

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 cm2 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.5,6

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.7

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.8,9

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.10 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.3,4

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.11 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. It 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.12,13 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.14 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

proteins A and B, clumping factors A and B which are
fibrinogen-binding proteins, and collagen adhesins.11

Relevant to atopic inflammation, IL-4, but not inter-
feron-gamma, is known to induce fibronectin produc-
tion by skin fibroblasts.15

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.14 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.16 In contrast, a S. aureus collagen
adhesin-negative mutant did not show decreased
binding to Th2-mediated inflamed skin.

2. When S. aureus 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 is
a bifunctional protein that also binds to fibrinogen.17

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
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This observation is consistent with our observations
suggesting that blocking the binding of S. aureus 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 al18 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,19 despite the fact
that both skin diseases have defective skin barrier
function.20 It has been speculated that the reduced
prevalence of infections in psoriasis may be associ-
ated with the increased production of antimicrobial
peptides.21

Two major classes of antimicrobial peptides have
been found in mammalian skin: beta-defensins22,23 and
cathelicidins.24,25 They have been shown to have antimi-
crobial activities against bacterial, fungal, and viral
pathogens.22,25 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.27 Expression of some of these
peptides is constitutive (e.g. human-beta-defensin 1
(HBD-1)),21 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.28,29

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.30 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.30

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.4 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.31 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.32 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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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.33

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).31,34,35 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.36,37 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.34,35 Basophils from patients with IgE to super-
antigens release histamine on exposure to the

relevant superantigen, but not in response to
superantigens to which they make no specific IgE.31

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. 

Staphylococcal superantigens

Activated
keratinocytes

Eosinophil

Vascular endothelium

Langerhans
cell

EPIDERMIS

DERMIS

LYMPH NODE

Macrophage Mast
cell

lgE

IL-12

B cells

IL-1
TNF

IL-12
CLA+
T cells

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.)

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

on T cells

• Peripheral blood mononuclear cells from AD, as

compared to normal controls, have higher

proliferative responses to superantigens
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3. A correlation has been found between the presence
of IgE to superantigens and severity of AD.34,35

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.35 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.38 Utilizing a human-SCID mouse model of
skin inflammation, S. aureus superantigens have been
reported to enhance allergen-induced skin inflamma-
tion.39 Skin homing peripheral blood T cells have also
been shown to respond to superantigen and con-
tribute to eosinophilia and IgE production in AD.40,41

4. Epicutaneous application of SEB to normal skin or
unaffected AD skin induces skin erythema and
induration.42 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.43 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.44 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.45,46

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.47 Saloga et al48,49 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.50 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,51 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.1 To examine a
potential role for microbial superantigens in the pro-
longation of monocyte-macrophage survival, Bratton
et al52 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 al53 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.54 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.55–57 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.5

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.58

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.59–61 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.62

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.63 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.64

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.65,66 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.63

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.67 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.68,69 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.70 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.71 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.72 Treatment of S. aureus
with UV irradiation or PUVA has also been found to
inhibit superantigen production in a dose-dependent
manner.73 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.74–77 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-5.78 Remitz
et al13 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.79 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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Figure 5.2 Effect of dexamethasone (DEX) and FK506 on PHA vs SEB stimulated T cell proliferation
response to superantigens vs PHA. (Reprinted with permission from Hauk PJ, Leung DY. Tacrolimus
(FK 506): a new treatment approach in superantigen-associated diseases like atopic dermatitis?
J Allergy Clin Immunol 2000; 107: 391–2.)
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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. aureus 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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6
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

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.1

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,

Figure 6.1 Eczema molluscatum. A disseminated
eruption of whitish, umbilicated papules on
eczematous skin which show considerable
variation in size.
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the poxvirus-encoded IL-18BPs binding to IL-18 with
high affinity and inhibiting IL-18 mediated IFN-γ
induction interrupts the normal immune response to
MCV antigens.2

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.3 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.4 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.5 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.6 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.7

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.6 As AD is a contraindication to smallpox vac-
cination, accidental contact vaccination accounted for
more cases of EV (65%) than did intentional primary
vaccination.8 The incidence of EV in the USA was 123
per million primary vaccinees, with case fatality rates
of approximately 1–5%.9,10

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.8

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.11 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.12 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.13 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,14 pemphigus foliaceus,15 mycosis fun-
goides,16 Sézary syndrome,17 ichthyosis vulgaris,18

Hailey-Hailey disease,19 and burn patients.20 In con-
trast, EH should be restricted to disseminated HSV
infection as a complication of an eczematous skin
disease.21

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.22,23

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
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virus inoculation, age, immune status of the host, and
genetic variations in virus strains or infected persons.

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.24 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,24,25 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.25

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.25

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

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 6.4 Eczema herpeticum, crust stage. After a
few days, the blisters are drying out and form crusts
that fill eroded pits.

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. 
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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.25

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.25

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.26

Pathogenesis of eczema herpeticum

Infection of epithelial cells with HSV is initiated by
contact of the virus with mucosa or abraded skin.27

Replication of HSV in epidermal and dermal cells fol-
lows, and HSV can even be spread via the lymphatics to
regional lymph nodes.28 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.25

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.29 In AD, there is a Th2 cell predominance with
increased production of the Th2 cytokines IL-4 and IL-
13.30 IL-4 induces IgE production and prevents differ-
entiation of interferon (IFN)-γ producing Th1 cells.
The lower levels of IFN-γ in the skin of patients with
AD may allow the viruses to overgrow.6

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.31 As PDCs produce a large amounts
of antiviral type I interferon (IFN)-α and IFN-β 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.32

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.11 Physiological concentra-
tions of the cathelicidin LL-37 induce antiviral activity
and significant killing of HSV in antiviral assays,11 but
a defective upregulation of LL-37 has been demon-
strated in skin lesions of AD patients.33 Moreover, skin
of EH patients exhibits significantly lower levels of LL-
37 protein expression compared with skin of AD
patients.11 Human cathelicidin expression is inversely
correlated to the serum IgE level.11

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 × 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,
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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%.22

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.34

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 × 5–10 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 × 750 mg/m2/day for 7 days. Oral aciclovir has
a lower bioavailibility (15–30%) than intravenously
given aciclovir, and should therefore be restricted to the
treatment of mild EH (5 × 400 mg/day). 

Prophylactic treatment of recurrent genital HSV
infections with low-dose long-term oral aciclovir in a
dosage of 2 × 200 mg/day35,36 or 2 × 400 mg/day37,38

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 2 × 200 mg/day may be a therapeutic
option in cases with severe recurrent EH.

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%39 to 17%40 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.41

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.42 A randomized,
placebo-controlled study in 46 pregnant women with
first episodes of genital herpes, who were treated 
with either 3 × 400 mg/day oral aciclovir from 36
weeks’ gestation until delivery or with placebo, showed no
birth defects in the aciclovir-treated women.43 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.43 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 × 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 × 500 mg/day) for EH treatment, which should be
prolonged according to the clinical course of the disease.40

Herpes prophylaxis with valaciclovir has been stud-
ied in a randomized, double-blind trial in a dosing reg-
imen of 1 × 1000 mg/day, 500 mg/day and 250 mg/day
valaciclovir which produced a statistically significant
suppression of genital herpes recurrence, as did
2 × 400 mg/day aciclovir.38,40 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 2 × 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 × 5 mg/kg/day were as effective as aciclovir in clinical
trials.44 In topical formulations, penciclovir was found
to have a stronger effect in mucocutaneous HSV-
induced lesions than aciclovir.45 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.46

Famciclovir has not been studied in EH, but a treatment
regimen of famciclovir 3 × 250 mg/day for at least 7 days
has been recommended for mild clinical courses of EH.47

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.48

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 × 40 mg/kg/day
for at least 10 days.48 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.49,50 However, to reach therapeutic levels fre-
quent application (7 − 9 x/d) is necessary. Aciclovir oint-
ment 3 − 5 x/d has also shown excellent efficacy with
resolution of typical dendritic corneal lesions within one
day of treatment.51 Moreover, good intraocular penetra-
tion of topically administered aciclovir is advantageous
over trifluorothymidine.52 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.53

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.54

Mucocutaneous lesions

Several studies have also shown an influence of topical
aciclovir in mucocutaneous HSV lesions.45 These
ambiguous data, and the potency for contact sensitiza-
tion, possibly resulting in drug eruptions following oral
administration in sensitized individuals,55 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.45
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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.56,57

The study results of topical interferon in HSV kerati-
tis or mucocutaneous lesions are promising but its top-
ical formula is not licenced yet.58

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.59 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.60–62 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 IFN-α and IFN-β; type II IFN is IFN-γ.
IFNs exhibit potent antiviral properties by the expres-
sion of IFN-stimulated genes (ISG) which inhibit virus
replication, and the production of virion progeny.63

In clinical trials, IFNs 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.64,65 Moreover, topical administra-
tion of a plasmid DNA encoding IFN-α1 onto mouse
corneas prior to HSV infection suggests a possible
beneficial effect of IFN in HSV infection.58 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:

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

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

• The efficacy of topically applied gammaglobulins. 
• 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.1–4

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.5 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.6,7

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.8

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

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.4

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 al9 AD children 19

Wessels et al10 AD 49

Atopy, no AD 3.7

Jensen-Jarolim HNAD 35

et al11

Broberg et al12 AD, patients 14

0–21 years old

Atopy but no AD 3

Lindgren et al13 AD, children 21.8

4–16 years old

Back et al14 AD 44

Kawano et al15 AD 77

Nissen et al16 AD 93

Scalabrin et al17 AD adults 65

AD children 13

Kim et al18 HNAD 68

Devos et al19 HNAD 100

Non-HNAD 13.6

Mayser et al20 HNAD 55

Generalised AD 34

AD of the extremities 10

Johansson et al21 HNAD 55

Non-HNAD 19

Arzumanyan et al22 AD 28

Bayrou et al4 HNAD 100

Non-HNAD 28

Contact eczema 0

Seborrheic dermatis 6.25
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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

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.30 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:21 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-α, IL-6, and IL-8.31 The
maturation of dendritic cells can be induced by Malassezia
and can therefore induce an increased production of

Table 7.3 Patch tests with Malassezia
allergens in different populations

Author Population Positive %

Tengvall- AD 53.3

Linder et al30

Seborrhoeic dermatitis 0

Healthy controls 0

Rokugo et al27 AD 64

Healthy controls 3

Kieffer et al26 AD 13

Seborrhoeic dermatitis 0

Healthy controls 0

Johansson et al21 AD 37.8

HNAD 41

Seborrhoeic dermatitis 7.1

Healthy controls 0
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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

et al23

Waersted et al24 HNAD 28

Non-HNAD 6

Young et al25 AD 59

Atopy, no AD 0

Kieffer et al26 HNAD 79

Non-HNAD 45

Seborrheic dermatitis 0

Rokugo et al27 AD < 10 years 39

AD > 10 years 64

Broberg et al12 AD 0–21 years 23

Atopy, no AD 0

Broberg et al28 HNAD 14–53 years 55

Non-HNAD 15

Tanaka et al29 AD 40

Nissen et al16 AD 60

Kim et al18 HNAD 45

Devos et al19 HNAD 13.5

Non-HNAD 86.5

Johansson et al21 HNAD 56

Non-HNAD 36

Seborrhoeic dermatitis 0

Healthy controls 0

Khosravi et al54 AD 49.6

Healthy controls 6.7
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TNF-α, IL-1β, and IL18 in these cells.32,33 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 TH2 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.34

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.35 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.35,36 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.37

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

with AD.14,16,17,29,38,40,41–46 A cross-reactivity between
allergens from C. albicans and Malassezia was described
by Doeckes et al.40 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.29

Table 7.4 Skin prick tests with Candida extracts

in different populations

Author Population Positive %

Savolainen et al38 AD 52

Allergic rhinitis 22

Healthy controls 5

Kortekangas- Severe AD 94

Savolainen Moderate AD 76

et al39 Mild AD 25

Allergic rhinitis 8

Healthy controls 2

Tanaka et al29 AD 30

Healthy controls 10

Nissen et al16 AD 27
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Table 7.5 Patch tests with Candida
allergens in different populations 

Author Population Positive %

Tanaka et al29 Healthy controls 86

AD 49

Matsumura et al42 Healthy controls 84

Respiratory disease 90

AD 34
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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.56 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.53 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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8
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.1,2 AD affects between 10–21% of young
infants3–5 and is associated with a significant financial
burden.6 There is often a family history of allergic dis-
eases, highlighting the importance of genetic factors in
the pathogenesis of AD.7–10

Over the years, many studies have examined the
association of AD and food hypersensitivity in children
and adults.11–45 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.49 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.50

Our understanding of the mechanisms and clinical
manifestations of food allergies has improved in recent
years.51,52 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.51,53

‘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.53,54 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.55 It is estimated
that about 8% of children will develop adverse reac-
tions to food, most of them in the first year of life.51 The
prevalence of food allergy varies between regions and
appears to be influenced by cultural and genetic fac-
tors.3 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.54 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.14 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.56 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.58,59 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
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age.50 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%.60 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.7 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.61 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.62

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.10 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
5q31 (interleukin (IL) gene cluster), 6p21 (major histo-
compatibility complex), 7q35 (T cell receptor β sub-
unit), 11q13 (high affinity FCE receptor), 12q14
(interferon γ), 14q11 (T cell receptor α subunit and
mast cell chymase) and 16p12 (IL-4 receptor).8 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.63 Three polymorphisms in the
IL-4 gene have to date been identified. Elliott et al9

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.9 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 8.1 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%
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COMMON FOOD ALLERGENS IN
CHILDREN AND ADULTS

More than 50 food allergens have been characterized.56

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.64 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.

Casein constitutes 80% of cow’s milk protein and is
considered the major allergen. Its most abundant form,
αs1-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 αs1-, β- and
κ-casein.65,66 Another major allergen is the whey protein
β-lactoglobulin. This protein is relatively resistant to
gastric acid which may explain its properties as a food
allergen. Järvinen et al demonstrated IgE and IgG binding
epitopes on both major whey proteins, β-lactoglobulin
and α-lactalbumin.67

About 80% of cow’s milk allergic infants will
develop tolerance to cow’s milk by 3 years of age, and
CMA is relatively uncommon in older children and
adults.68,69 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
αs1- and β-casein also have been found to be predictive
for persistence of CMA.70

Egg

Sensitization to chicken eggs is common in children with
AD. About 50% of egg allergic infants will develop
tolerance in early childhood.71 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.72 Previously, ovalbumin (Gal d 2) was considered
the main egg allergen.72

Peanut

Peanuts are one of the most allergenic foods and are
often implicated in food-induced anaphylaxis73 that
may, rarely, be fatal.74 Unlike other food allergies,
peanut hypersensitivity usually persists into adult
life.75–77 The main peanut allergens were first discov-
ered in sera from patients with AD.78,79 Ara h 1, one of
the seed storage proteins in peanut, is considered the
major allergen.78 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.79,80

Soy

Soy bean is a member of the legume family, and there is
significant cross-reactivity with other legumes, including

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 [Mr]

Cow’s milk Caseins

α1-casein 27 000

α2-casein 23 000

β-casein 24 000

κ-casein 19 000

γ-casein 21 000

Whey proteins

β-lactoglobulin 36 000

α-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 Gly m 1 34 000

Trypsin inhibitor 20 500

08-Reitamo-8037.qxd  2/22/2008  10:20 AM  Page 87



88 TEXTBOOK OF ATOPIC DERMATITIS

peanut and peas. About 15% of infants with IgE-mediated
cow’s milk allergy are also sensitized to soy protein.81

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.82

Fish

Codfish allergy is common in North America and
Scandinavia. Most patients with fish allergy are
sensitized to the main codfish allergen, Gad c 1. This
allergen is a small calcium-binding protein (parvalbu-
min) found in fish and other vertebrates.83,84 Five IgE
epitopes have been identified on Gad c 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.85

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. Immunological
similarities have been demonstrated between crustaceans,
cockroaches, and house dustmite, implying tropomyosin
as a possible pan-allergen.56 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.64

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.86 There is even some evidence sug-
gesting that IgE sensitization may occur as early as dur-
ing the foetal period.86,87 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.88 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.89 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.90 The
deviation from a Th1- to Th2-predominant immune
response is believed to be mediated by cytokines such
as TGF-β, 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.91 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.88 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.92–95 Multiple food sensitization has
been described in breast-fed infants.96 Immunological
host factors are likely to mediate the infant’s risk of
sensitization to food allergens through breast milk.
Transforming growth factor-beta (TGF-β) is considered
a key molecule in promoting development of oral
tolerance. During early infancy, breast milk is the
main source of TGF-β. Kalliomäki et al found that
TGF-β promotes specific IgA production in human
colostrum.97 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.98 Other factors that may mediate
the immune response to ingested food antigens include
regulatory lymphokines such as TNF-α and IFN-γ.99

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.26 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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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.52 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.26 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.26,29,100,101

In infants with AD, the presence of non-IgE-medi-
ated mechanisms appears to be of pathophysiological
importance.102 Schade et al provided evidence of T-cell
activation in infants with CMA and AD.103 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 Th2 predominant
cytokine profile (high levels of IL-4, IL-5, and IL-13)
whereas infants without CMA had a Th1-skewed
response (high level of IFNγ, low IL-4, IL-5, and IL-
13). This study inferred that antigen-specific Th2 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.54,92 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).104,105 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,38 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 al11 performed a similar study in 46 children
(mean age 5.7 years, range 9 months to 19 years) with
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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.
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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.12

Eigenmann et al19 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.27 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,38 Burks et al11,12 and
Eigenmann et al19 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.35 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.106–108 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.106 In the following year, a model
of peanut allergy and anaphylaxis was developed by
the same group.108 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.107 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.43,109,110 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
allergies.32,34,41,111–120

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.41,71,111–113 Sampson et al41 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 AD† No AD AD Severe AD†

allergic to n (%) n (%) n (%) n (%) n (%) n (%)

0 382 (95) 97 (78) 7 (17) 350 (89) 77 (64) 10 (35)

1 16 (4) 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 (2) 4 (2)

Total‡ 20 (5) 28 (22) 34 (83) 44 (11) 44 (36) 19 (65)

Cases in total 402 (100) 125 (100) 41 (100) 394 (100) 121 (100) 29 (100)

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.111 The previ-
ously found diagnostic cut-off levels for food-specific
IgE antibodies were effective in predicting symptomatic

*MACS – Melbourne Atopy Cohort Study subjects.
†This 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
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Figure 8.2a Diagnostic skin prick
test weal diameters for cow’s milk.
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.

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.112 Saarinen et al found a much lower predictive
value for specific IgE antibodies, even if used in con-
junction with SPT or APT.113 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.115 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’

cut-off weal diameters were compared with food-
specific IgE antibody levels in Australian children under
2 years of age.116 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.32 The APT
is an epicutaneous test that was originally developed
to diagnose sensitization to aeroallergens.117 Patch
test skin reactions appear to be mediated by T-cell
responses.118 Several studies have assessed the diagnos-
tic accuracy of the APT in relation to skin prick and
serum IgE testing.29,119,120 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.29 Majamaa et al found the APT more sensitive
than skin prick and IgE testing in detecting CMA in
infancy.119 A study of 75 German children (age range 4
months to 12 years) examined the diagnostic accuracy of
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Figure 8.2c Diagnostic skin prick
test weal diameters for peanut.
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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the APT for cow’s milk, egg, wheat, and soybean.120

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.34 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.30,123 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.124

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 Similarly, 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.127 Another study of 6209 infants also
suggested that prolonged breast-feeding may increase
the risk of IgE sensitization.128

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.42 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.42 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.129 In summary, there is at this stage no
conclusive evidence that exclusive breast-feeding does pre-
vent the onset of atopy.130

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.131 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,132

the diagnosis of food allergies should be based on estab-
lished diagnostic guidelines.53 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.133 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.134

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.17,129,130,135 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.136 Food antigens are secreted into breast milk and
may cause similar immunological reactions as seen in
formula-fed infants.92

In breast-fed infants with clinical manifestations
of food allergies, including AD, a maternal exclusion diet
is often effective.18,93,137 An experienced dietitian
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should closely supervise the maternal diet, and a
dietary calcium supplementation may be required for
the mother.138 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.81,139 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.140

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.141–143 It has been estimated that about 10–20%
of infants with CMA may be intolerant of extensively
hydrolysed formulae.139,144–147 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.134,140,145,148–150 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.134

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.42

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.

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.134 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.151,152 This protective
effect may be mediated by an increase of TGF-β con-
centrations in breast milk.113 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.55,58 In contrast,
only about 20% of children with allergy to peanut or
tree nuts will become tolerant.153 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.143,154 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.3–5 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.1

Since World War II, AD prevalence has been steadily
increasing in industrialized countries, but remains
much lower in agricultural regions.2 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,4 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 infiltrate5 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.6 Yet,
lichenified skin lesions define the chronic stage of dis-
ease and have undergone tissue remodelling due to itch-
ing and scratching.7 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.8

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.9,10

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.11 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.12,13 One important under-
lying mechanism for this phenomenon might be the
impaired synthesis of antimicrobial peptides providing
a favourable environment for these bacteria.14,15 Their
clinical importance becomes evident as AD patients
benefit by antistaphylococcal antibiotics with reduc-
tion in disease severity.16
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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.17,18 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.19 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 antigens21 while contin-
ual oral food sensitization yielded elicitation of skin
lesions in a murine model of AD.22

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 adults24 leading to aggravation of pruritus
and atopic lesions after bronchial inhalation in sensitized
individuals.25 In contrast, substantial clinical improve-
ment may occur when these patients are exposed to envi-
ronments lacking the allergens to which they react.26

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.27,28

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 barrier29 to receptive sensitized T cells, and mast
cells, leading to their activation and release of cytokines,

Skin barrier disruption

Inflammation
TH2/IgE and/or TH1

ATOPIC DERMATITIS

ONSET

EXACERBATION

TRIGGERS

ALLERGIC NON-ALLERGIC

FOODS

INHALANTS

CLIMATE

IRRITANTS

STRESS

Genetic background

MICROBES (colonization
    and/or infections)

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.
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i.e. IL-1, IL-6, and TNF-α.30 Simultaneously, scratching
makes epithelium crucially involved in AD through
aggravated chemokine and cytokine production by ker-
atinocytes.31 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.32 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.33 These chemokines attract TH2 skewed cells
and strongly correlate with disease severity.34

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.35 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.36 In addition, acti-
vated and histologically hypodense eosinophils display
an enhanced survival, which is achieved by means of
delayed programmed cell death.37

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.39 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.40 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.41 In contrast, no respi-
ratory tract T-cell homing receptor has been identified
so far.42 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. 

Inhalants Inhalants

Immediate, type I
mediated triggers 

Bacteria

FoodFood

Irritants Climate

Psychological
factors

Non-type I/IV
mediated triggers

Bacteria

Delayed, type IV
mediated triggers 

Figure 9.2 The heterogeneity of atopic dermatitis. Each patient exhibits a unique set and combination of trigger
factors leading to disease exacerbation.
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THE TH1/TH2 PARADIGM IN AD

Although TH2 cells certainly contribute to the patho-
genesis of AD it is now well accepted that TH1 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 TH2 cytokines switching into a sec-
ond TH1-like chronic phase.43 TH1 cells are known to
secrete IL-2 and IFN-γ, induce macrophage activation,
and are very effective in controlling infection with
intracellular pathogens. In contrast, TH2 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.44,45

In addition to these two main distinct TH cell popu-
lations, a further subset of regulatory T cells does exist
suppressing both TH1 and TH2 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
(Tr1) and the TH3 cells. The first subset accounts for
5–15% of the peripheral CD4+ T cells and expresses
the cytotoxic T-lymphocyte antigen 4 (CTLA-4)46 and
the glucocorticoid-induced tumour necrosis factor
receptor as markers.47 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-2Rα chain in target T cells induced by the com-
bined activation of CTLA-4 and membrane-bound
TGF-β. 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 Treg 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.48 Similar to the natural Treg cells, Tr1 cells
(adaptive Treg 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 TH3 cells mainly produce TGF-β, thereby
mediating their regulatory function.

Clear evidence suggests that TH1 and TH2 cells can
each arise from the same precursor cell (the naive TH0
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,49

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

For example, if the TH0 cell is activated in the
presence of IL-12 (from a macrophage or dendritic
cell) then this cytokine initiates a process of TH1 matu-
ration. Additionally, it synergizes together with IL-2
and IL-18, another cytokine secreted by activated
macrophages, to induce IFN-γ synthesis.50 Of note, the
novel IL-12 family members, such as IL-23 and IL-27,
may contribute to the TH1 polarization as well.51,52

Although IL-27 is not sufficient to instruct IFN-γ pro-
duction on its own, it has a profound effect in the early
steps of TH1 commitment by controlling IL-12 respon-
siveness53 while IL-23 functions primarily on effector 
T cells prolonging and sustaining their IFN-γ synthesis.

Conversely, naive T cells activated in the presence
of IL-4 down-regulate the IL-12 receptor and differen-
tiate along the TH2 pathway, even if the initial source
of this cytokine is still a subject of debate.54,55

However, it is suggested that APC-derived IL-6 medi-
ates TH2 development by inducing early IL-4 produc-
tion.56 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,57 up-regulated IL-4 and down-regulated
IFN-γ in a dose-dependent fashion.58 Similarly, the
mast cell and TH2 cell derived cytokine IL-25 induced
elevated production levels of IL-4, IL-5, and IL-13.59

T-cell differentiation is a complex process regulated
by a network of transcription factors such as GATA-3
and T-bet.60,61 GATA-3 is expressed during TH2 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-γ,
increases the transactivation of the IL-4 promoter,
and also directly regulates IL-5 and IL-13 expression in
TH2 cells. By contrast, T-bet is exclusively expressed in
TH1 cells in a principally STAT-4 dependent manner,
mediates IFN-γ production and maintains synthesis of
the IL-12 receptor γ2 chain upon T-cell activation.
Thus, a balance between T-bet and GATA-3 is believed
to control TH1 and TH2 polarization.

With respect to AD TH2 and TH1 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.62,45 Initially, AD was viewed
as a prototypical TH2 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 TH2 activity (IL-4)
along with diminished IFN-γ release upon mitogen stim-
ulation.63 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.64,65 Presently, it is well established that TH2
derived cytokines characterize AD patients with acute
lesions66 while TH1 derived cytokines are predominant
in patients of the chronic stage.67

This TH1/TH2 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 TH2 cells positive for IL-4 and IL-13 mRNA whereas
in chronic skin lesions IFN-γ, IL-5 and IL-12 mRNA
expression predominate.68 Furthermore, investigations
on allergen patch testing followed by punch biopsies at
different time points also showed these biphasic kinetics
in cytokine production.69 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 EFFECTOR T 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,70 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 TH2-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 TH2 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 TH2 phenotype.71

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 al72 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 al73 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 al74 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 TH2
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-γ. Data obtained
from T-cell cloning studies of allergen patch test sites
again underlined the TH2 feature of these cells gener-
ated shortly after epicutaneous house dust mite expo-
sure.75 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 TH1 profile.76 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
et al77 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 TH0 cells. House
dust mite specific T cells displaying a restricted secre-
tion pattern were either of the TH1 or the TH2 type,
whereas specific TH2 cells were found almost exclu-
sively in allergen patch test reactions, indicating that
the TH2 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 al78

could show that mite specific T-cells appeared more
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frequently in skin than in blood, Takahama et al79

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.76 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.80,81 In experimental models, eczematous skin
lesions can be either provoked by the APT or by
repeated epicutaneous allergen application resembling
the naturally occurring eczema.82–84 Recently, Riley
et al85 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.86 More recently, Tupker et al87 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 al88 could
extend this finding showing that skin rashes could be
also triggered by inhalation of cat allergen or tree

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

Table 9.1 Sensitization to inhalant allergens in AD

TRANSCUTANEOUS ROUTE:

• Mite allergen bound on Langerhans

cells via IgE80,81

• Induction of eczematous skin lesion upon

epicutaneous allergen application82–84

• Presence of house dust mite on the skin85

RESPIRATORY ROUTE:

• Exacerbation of AD upon inhalation86

• Induction of new skin lesions upon inhalation87,88

Table 9.2 Technical variation of the APT

• Non-standardized allergen concentration89,103,104

• Usage of different vehicles106

• Pre-treatment of the skin or not89,100

• Duration of patch testing100
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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 al89 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 1989,90 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.84 It has emerged as a suitable
in vivo model to study the induction of eczema by
inhalant allergens after 24–72 hours. Darsow et al91

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,92

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.30 In con-
trast, the results of Langeveld-Wildschut et al93 demon-
strated the requirement of epidermal IgE+CD1a+ cells
for APT positivity. However, Wistokat-Wülfing et al94

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,95

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,96

Manzini et al97 and Ingordo et al98 The aspect of a non-
IgE T-cell regulated mechanism is clearly supported by
the recent finding of Manzini et al97 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.95 

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
results99 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.100

Several studies have pointed out the importance
of technical aspects in generating reliable APT results.
De Groot et al101 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.102 One such study was from Mitchell et al89

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.103 In
contrast, according to the work of Seidenari et al,104

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.105

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.106 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.89 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 al99 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.107

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).91 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.108 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.93,94 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 al109 and Adinoff
et al110 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 al111 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 lesions112 suggesting
that the APT may provide an important diagnostic tool
in patients with eczematous lesions of predominantly
uncovered areas.103 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 al113 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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dust114 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%).115 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.116 Of importance are Platts-
Mills studies on seasonal variation revealing that
mite allergens persist for months after the death of the
mite.117 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.118 It is present in mite
faeces at high concentration,119 consists of two globu-
lar domains connected by an outside loop and exhibits
a mixed cysteine and serine proteinase activity.120

Strong circumstantial evidence suggests that Der p
antigens are crucial precipitating factors of AD.121 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;122 conversely, several studies
documented the beneficial effect of careful house dust
mite avoidance on the course of disease. Roberts123 and
August124 reported improvement of clinical symptoms
in AD patients after the combination of plastic encasings,
removal of carpets, and vacuum cleaning. Furthermore,
Tan et al26 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.125 In the study of
Holm et al126 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

Table 9.3 Distinct allergen groups of Dermatophagoides pteronyssinus

Group Biochemical function MW1 cDNA (SDS-PAGE) IgE binding2

1 Cysteine protease 25 000 80–100

2 Unknown (HE1 homologue) 14 000 80–100

3 Trypsin 25 000 16–100

4 α-Amylase 57 000 40–46

5 Unknown 15 000 50–70

6 Chymotrypsin 25 000 40

7 Unknown 25 000 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

1 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.
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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 severity127 while these antibodies have been found
in only 42% of asthmatic subjects.27 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.128

Rawle et al129 were the first to describe proliferative
responses to Der p1 by peripheral blood mononuclear
cells of almost all AD patients whereas later Kimura
et al65 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
TH2 cytokine production in allergic subjects is now
well established and consistent with responses seen in
T-cell lines stimulated with Der p1.130 Apart from its
direct effect on T cells Der p1 pulsed dendritic cells of
atopic subjects bias TH2 development via up-regulation
of TARC and MDC, thus ensuring that recently CCR4
activated TH2 cells are attracted and do not migrate
back to the draining lymph nodes.131 Of note, dendritic
cells from healthy donors exposed to this allergen
preferentially attract TH1 cells via IP-10 production.132

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.133 It also increases paracellular
permeability through disruption of intercellular tight
junctions in the respiratory epithelium,134 hence poten-
tiating the availability of environmental aeroallergens to
dendritic cells.135 Moreover Der p1 triggers inflamma-
tory cytokine release from epithelial cell cultures,136

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

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

Table 9.4 Evidence for the participation of

inhalant allergens in AD

• Allergen specific T cells invading the skin72–79

• Allergen specific IgE127

• AD exacerbation following allergen inhalation87,88

• AD exacerbation following epicutaneous allergen

application99,103

• APT skin lesions induced by the relevant allergen89,91

• Allergen avoidance of clinical benefit26,123–126

ROLE OF INHALANT ALLERGENS IN ATOPIC DERMATITIS 111
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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 Ständer, Thomas A Luger, and Martin Steinhoff

INTRODUCTION

Pruritus, regularly defined as an unpleasant sensation pro-
voking the desire to scratch,1 is a diagnostic hallmark of
atopic dermatitis (AD).2,3 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.4–7 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.8 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.4,5,9–11

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).12–16 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.17–20

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 observed21 indi-
cating a differential role of primary afferent and auto-
nomic nerve fibres in pruritus pathophysiology. Mihm
et al22 described cutaneous myelinated nerves appear-
ing demyelinated and sclerotic. However, other groups
were not able to confirm these pathological changes
upon light microscopical level.23,24 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,25 at the dermoepidermal junc-
tion,23,26 in the epidermis,21 and around sweat glands.27

At the ultrastructure level, the axons contained many
mitochondria and neurofilaments with abundant neu-
rovesicles25 confirming immunohistological findings. In
a semiquantitative analysis, Sugiura et al25 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.23,25 Terminal Schwann cells
seem to migrate closer to the epidermis as in normal
controls.23 In addition, axons lost their surrounding
cytoplasm of Schwann cells in some areas and may thus
communicate directly with dermal cells.25

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 blood28 and
skin.29–31 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.26

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.6,32 In addition, PET (positron
emission tomography) studies in humans could show
activation of the primary sensory cortex after cutaneous
histamine application.7,33 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.34 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.35,36 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.37,38 Williams39 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.40,41 However, recent
investigations were not able to detect increased histamine
levels in the skin.42 Uehara et al43–46 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.47

These conflicting results of elevated levels of histamine
and diminished itching after histamine application may
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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

(e.g. substance P) concentration in lesional skin

Acetylcholine + Central sensitization?

Tryptase + Binding to PAR-2 on sensory nerve fibres 

Cytokines: Interleukin 2 + Possible release of various mediators

Interleukin 8 −
Neurotrophin-4 + m.n.n.

Eosinophils + Release mediators like PAF, leucotrines;

histamine, proteinase liberation 

Platelet-activating factor (PAF) + Histamine liberators

Leukotrienes + m.n.n.

Cutaneous suppressors of itch

Cannabinoids Interruption of itch transmission Binding to CB1 and CB2 on cutaneous 

sensory nerve fibres

Opioid peptides Induction of itch-inhibiting Binding to opioid receptors

neurons on spinal level;

suppression in the skin?

Vanilloids, calcineurin inhibitors Interruption of itch transmission Binding to TRPV1 on cutaneous sensory 

nerve fibres

Interferon gamma Suppression of pruritus m.n.n.
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indicate either an intrinsic down-regulation of neu-
ronal H1-receptor density or affinity, or increased hista-
mine degradation in atopic skin.48 Consequently,
antihistamines are often not efficient in AD, as demon-
strated in experimental studies as well as double-blind,
cross-over trials.49,50 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.52 Neuropeptide Y (NPY)-
positive nerve fibres and LCs are increased as compared

to healthy controls.21,26,52 Moreover, tissue concentrations
of VIP were decreased while SP concentrations were
increased in lesional skin.53–55 SP induced effects are
mediated via activation of the neurokinin receptor (NKR)
1.56,57 Experimental studies showed that intradermally
injected SP releases histamine via binding to NKR on mast
cells and thereby acts as a pruritogen.58 Accordingly, in
animal models, the effect of a NK1 antagonist, BIIF 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.59

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

−, no induction of itch; (+), induction of weak itch; +, clear induction of itch; m.n.n., mechanism not known.
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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, Scott63 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 skin16,46 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,35,36 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 years64 based on the obser-
vation that intradermal injection of mast cell tryptase into
human and rabbit skin results in pruritus, vasodilatation,
and erythema.65,66 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.66–71 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.72 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.73 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.74

Opioids 

Opioid peptides such as β-endorphin, enkephalins, and
endomorphins play a major role in the nociceptive
pathway in the central nervous system by interacting
with opioid receptors (μ-, δ-, κ-, orphan-receptor).
Systemically administrated morphins reduce pain but
induce pruritus on the spinal level.75–80 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. β-endorphin serum
levels were demonstrated to be significantly elevated
in children with pruritic AD.88 Skin biopsies from
AD patients revealed a significant downregulation of
epidermal mu-opiate receptor expression.89 Previous
studies revealed the presence of mu-opiate receptors on
cutaneous sensory nerve fibres90 and that opioids act
upon nerve fibres to inhibit the release of inflammatory
neuropeptides such as SP, neurokinin A and CGRP65,91

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.92 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 CNS.93–98

Consequently, topical application of capsaicin proved to
be an effective treatment in otherwise intractable pruri-
tus of AD.97,98 Interestingly, the calcineurin inhibitors
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tacrolimus99 and pimecrolimus100 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.101

Furthermore, AD patients treated with oral cyclosporin
A, a drug that inhibits the production of various
cytokines including IL-2, experience attenuation of
itch.102,103 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.104,105 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.106 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 Il-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,108 plasma,109 and blood mononuclear cells110, 111

especially eosinophils,112 of AD patients. However, the
capacity of IL-8 to induce pruritus is questionable since
prick testing with Il-8 does not induce wealing or pru-
ritus.110 Further studies will have to clarify the influ-
ence of IL-8 in the pathophysiology of pruritus.

Interferon gamma

Interferon gamma (INF-γ) appears to have a beneficial
effect on pruritus in AD.113 In a double-blind study,
pruritus was reduced by 50% even 1–2 years after long-
term treatment with recombinant human interferon
gamma.114 It is well known that INF-γ production is

profoundly diminished in peripheral blood mononu-
clear cells of AD patients115 which may contribute to
the development of pruritus. Although an important
role of INF-γ in the pathophysiology of pruritus in AD
is likely, the underlying mechanism by which low INF-γ
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.116

Interestingly, NT-4 production can be induced by
INF-γ, 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.117–122

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,117–119 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.123,24 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.67 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.127 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 al128 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.129

Preliminary studies showed reduction of pruritus in
patients with AD during treatment with the leukotriene
receptor antagonists zafirlukast and zileuton.130–132

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.133–135 A series of pruritus
triggering factors are known135 which release mast cell
mediators or vasomotor and sweat reactions to cause
itch, and all may be subjected to emotional influences.134

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.136 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 measured137 which
may result from incomplete arrangement of intercellular
lipid lamellae in the stratum corneum.138,139 A decrease
of water content below 10% seems to be crucial for
induction of itch and scratching.140 This generalized
dryness of the skin triggers pruritus by unknown mech-
anisms.137,138 One possibility may be that an impaired
barrier function in the skin supports the entrance of irri-
tants and itchy agents.141,142 Additionally, pH changes
within the skin may activate itch receptors.95

Interestingly, a recent study showed that psycholog-
ical stress induces alterations in the epidermal barrier
homeostasis and stratum corneum integrity.143 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.144–151

Consequently, in AD, a correlation between the intensity
of pruritus, scratching, and mental stress factors could be
demonstrated upon experimental studies.146,147,152–154

Consistently, upon clinical examination, up to 81% of
AD patients acknowledge their pruritus to be aggravated
by emotional stress.155 Relaxation therapies like auto-
genic training or hypnosis indirectly prove these findings
by revealing a significant improvement of itching and
eczema in AD patients.156,157

An activation of the psycho-neuroendocrine system
seems likely to contribute to stress-induced itch in
AD.146,147 In a rat model, it was demonstrated that
immobilization stress triggers mast cell degranulation.158

Thus, increased release of pruritogenic mediators by
mast cells may result in scratching and skin lesions
following stress tension.146 This is underlined in a
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study demonstrating increased blood eosinophils, IgE,
interferon-gamma and IL-4 levels 24 h after the stress
test in AD patients.159 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.134,160

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.134,161,162 Interestingly, increased
sweating in lichenified skin was observed in AD
patients suggesting a decreased threshold for sweat
stimulation in chronic pruritic and altered skin.163 The
underlying mechanism of sweat-induced pruritus
remains to be explored, but there is increasing evidence
that ACh is involved. ACh induces eccrine sweating,8 is
found to be increased in the skin of AD patients,63 and
finally acts pruritogenic in AD patients.16

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.164

Exogenous factors

Pruritus produced by direct contact with wool in
patients with AD is a characteristic and reproducible
phenomenon.165,166 It 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.167 Thicker wool fibres were found
to provoke more intense itching than thinner fibres
and an additional redness after application of wool
samples.168 Other irritants like lipid solvents and dis-
infectants169 may additionally contribute to aggravate

xerosis. Contact- and aero-allergens as dust mites or
pollens161 may also provoke pruritus. Microbiological
agents like bacteria (Staphylococcus aureus) or yeast
may exacerbate both dermatitis and pruritus.135,161

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.135,161,170 In early childhood,
food allergies exacerbate eczematous skin lesions,
although food allergies mostly resolve during ageing in
older children and adults.170

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.148,171 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.171 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.172 Unspecific phys-
ical modalities are described to be beneficial like
acupuncture,173 and cutaneous field stimulation.174

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.175 For example, the behaviour method
‘habit reversal’ can be employed.176 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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games were demonstrated in a controlled study to teach
patients to cope better with itch attacks.177

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 antihistamines often fail to ameliorate pruritus
in AD.178 This is comprehensive with the idea that his-
tamine is not the major mediator of pruritus in AD.49

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 placebo50,179,180 while others
showed a significant antipruritic effect.46,181,182 In recent
experimental studies, the H1-antihistamine cetirizine
could be demonstrated to focally reduce itch.46 How-
ever, an evidence-based review concerning the efficacy of
antihistamines in relieving pruritus in AD concluded
that little objective evidence exists for H1-antihistamines
to demonstrate improvement of pruritus.178 Topical
application of the tricyclic antidepressant doxepin is
suggested to have antipruritic effects because of its high
affinity to H1 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.183,184 Unfortunately,
doxepin was accompanied by contact allergies after
long-term application.185

Table 10.2 Therapeutic strategies combating pruritus in atopic dermatitis

Therapeutic modalities Examples

Elimination of trigger factors Perspiration, xerosis, emotional stress, scratching, wearing wool

fibres, using soaps, detergents, hot, spicy food, hot drinks, alcohol

Lubrication, short-term interruption of itch Emollients

Bathing with oily additives

Lotions, creams or sprays containing menthol, camphor, polidocanol, urea 

Skin care to reduce sweating-induced itch

Therapy of scratch artefacts Disinfections, antimicrobials, topical steroids

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

Physical exercise

Acupuncture

Cutaneous field stimulation

Symptomatic therapy: Corticosteroids, topical, and systemical

Anti-inflammatory therapy Cyclosporin A

Tacrolimus, pimecrolimus

Interferon gamma

Immunoglobulin therapy

Ultraviolet light

Symptomatic therapy: Leukotriene antagonists 

Interfering with pathophysiology of Opiate antagonists

pruritus in AD Capsaicin

Cannabinoid agonists

Contradictory results Antihistamines, 

Doxepin (but: contact allergy upon long-term application) 

Mycophenolate mofetil
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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.102,186–189 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.192 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.102 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.193

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.194–196 Treatment with interferon gamma has been
shown to be effective not only for the improvement of
erythema, excoriations, and lichenifications, but also of
pruritus.114,197,198 In addition, this effect was maintained
up to 2 years after therapy.114 Amelioration of pruritus
has also been described under intravenous immunoglob-
ulin therapy in few cases of AD.199,200 As of yet, however,
no controlled studies have been performed. 

Other therapeutical modalities such as capsaicin,97,98

opiate receptor antagonists,82,86,87 and leukotriene antag-
onists130–132 also 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

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 Sack1 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).2–4 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.6–8

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.9 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,10 whose course may be decisively influ-
enced by psychic factors.

Rook et al11 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.’ Obermayer12

reported 66% and Medansky et al13 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 al14 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.15

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.16 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.17 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.18 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.19

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 al20 and Ring et al21

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 Langfeldt22 with 50 mothers in each group. Absolon
et al23 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.24 Whereas Ring et al21 found no
psychometric differences in school children with AD
when compared to a control group, Absolon et al23

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,25,26 raised excitability, and inad-
equate coping with stress;27 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.28

However, there are indications that subgroups may be
found that are psychically conspicuous.25,29

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 system30,31 and
lead to molecular and structural changes in the brain.32 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
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the many published papers on the relation between
neurodermitis and emotional factors, only a few papers
actually satisfy scientific methodology standards.34 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.35

In serial analyses the explicit influence of stress fac-
tors on the severity of skin alterations and different
immunological parameters could be demonstrated.36 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.37

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.8 In a meta-analysis, clinical
depression went hand in hand with a variety of relevant
alterations of cellular immunity.38 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.39 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

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 al40 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 al41 and Köhler et al42

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 al27 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;43 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.7

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.44 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.45 The feeling of being
stigmatized correlates with the extent of brooding, i.e.
a strong inner preoccupation with the dermatosis.46

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 helplessness47 (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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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.48,49 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 useful50 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.51

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.52 In dealing with dysfunctional assumptions
(e.g. ‘I am 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 setting6 or, depending on the severity of
the disorder, in an integrative inpatient setting.53 The
pre-post evaluation of integrative inpatient treatment in
40 neurodermitis patients demonstrated satisfactory
results.54 The advantages of inpatient treatment are:

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

• Patients 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’).

• 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.

Negative events are experienced as uncontrollable

Cognitive style Causal explanation
– global
– stable
– internal

Expectations
– no behaviour 
   warrants control
– helplessness
– negative expectations

Symptoms
– passivity
– cognitive deficits
– self-esteem
– mourning
– anxiety
– aggression
– appetite
– illness

Figure 11.1 Model of learned helplessness. (Adapted according to Hautzinger M.
Depression im Alter. Weinheim: Psychologie Verlags Union, 2000.55)
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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 2–4 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.1 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.3 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.3 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,4) 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.5 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.6 In psychological termi-
nology, QoL is a multidimensional construct,7 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.8 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.7 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.

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.8 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.9,10

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, despite methodical limitations, QoL can be
meaningfully recorded and reproduced during the
course of the disease for scientific purposes. Methods
for recording QoL are available in the form of ques-
tionnaires for rating by self and others of various com-
ponents.11–13 The questionnaires on QoL generally
consist of individual statements (items), to which the
patient ticks a preferred response, e.g. ‘applies to
me – doesn’t apply to me.’ Several questions are usually

Table 12.1 Areas of recording in quality

of life 

a) Physical well-being 

b) Emotional well-being

c) Social life 

d) Functional ability in professional,

everyday living, and leisure activities

e) Spirituality
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asked in each area of QoL, and their mean is then the
‘score’ for the corresponding scale. 

Both questionnaires related to general health (so-
called generic instruments) and disease-specific ques-
tionnaires are used in recording QoL (Table 12.2).
Among the generic instruments are, for example, the
SF-36, the Nottingham Health Profile or the EQ5-D
(Euroqol) Questionnaire.14–16 Examples of disease-
specific QoL questionnaires in dermatology are the
Dermatology Life Quality Index developed in the UK17

(Table 12.3), the Skindex from the USA,18,19 and the
Dermatology-Specific Quality of Life Instrument, also
developed in the USA.20 The Freiburger Life Quality
Assessment (FLQA) is a combined German question-
naire with both disease-specific and general health-
related parts.21,22

The advantages of a disease-specific questionnaire
are greater differentiation capacity within subgroups
of patients and greater sensitivity for changes over the
course of disease. Special stress of the disease can
thus be better identified. They are also better suited
for discrimination of therapeutic effects in clinical
studies. 

In contrast, generic questionnaires enable compar-
isons with other diseases and with healthy persons,
thus permitting better decision making on a general
basis.9 Most recommendations today by health-
economics and clinical-pharmacological societies thus

include reference to the combined use of both
disease-specific and general QoL questionnaires.10,23

The inventories are filled out by the patient himself or –
if impossible – by his family members or other compe-
tent persons (proxy questioning).24 The development of
such questionnaires is time-consuming and makes high
demands with respect to meeting criteria of high test
quality. A specific guideline on the use of QoL instru-
ments in dermatology has been published by the
German Society for Dermatology.23,25

QUALITY OF LIFE IN ATOPIC DERMATITIS

Quality of life for patients with atopic
dermatitis 

Atopic and allergic diseases of the skin and mucosae
have been increasing in prevalence in industrialized coun-
tries over the past several decades. According to recent
studies, about 10–20% of schoolchildren in EU countries
are affected by symptoms of atopic eczema (European
Allergy White Paper: The UCB Institute of Allergy.
Brussels, 1998). Clinical experience has shown that AD is
associated with a considerable detriment to QoL, affect-
ing all areas of everyday living, physical, and emotional
well-being (Figure 12.1).17,18,21,22,26–31 The proportion of
patients showing clinically significant levels of impairment

Table 12.2 Questionnaires for recording quality of life in allergic skin diseases 

Questionnaire Author Year Disease Items

Dermatology Life Quality Index (DLQI) Finlay et al 1994 Skin diseases in general 10

Children’s Dermatology Life Lewis-Jones et al 1995 Skin diseases in general 10

Quality Index (CDLQI)

Dermatology Quality of Life Morgan et al 1996 Skin diseases in general 29

Scales (DQOLS)

Skindex Chren et al 1996 Skin diseases in general 61

Marburger Hautfragebogen Stangier et al 1996 Skin diseases in general, 51

atopic eczema

Dermatology Specific Quality of Anderson et al 1997 Acne, contact dermatitis 52

Life Instrument (DSQL)

Freiburg Life Quality Assessment for Augustin et al 2000 Skin diseases in general, 51/28

dermatoses (FLQA-d/short form atopic eczema

Infant’s Dermatitis Quality of Life Index Lewis-Jones et al 2001 Skin diseases in general 10

Deutsches Instrument zur Schäfer et al 2001 Skin diseases in general, 36

Erfassung der LQ bei atopic eczema

Hauterkrankungen (DIELH)
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is even higher in AD than in psoriasis.18,21,22 QoL impair-
ment also include the patient’s family32 and interferes with
the perception of treatment.33

The extent of QoL impairment for patients with
chronic skin diseases is even sometimes greater than the
stress of chronic internal-medical diseases and tumours
(Figure 12.2).34,35 Despite that fact that there is usually no
vital threat, skin diseases rank high among diseases, which
justifies appropriate monetary expense for their treatment. 

The QoL for patients with AD was significantly
improved in controlled clinic studies by various derma-
tological treatment procedures. Among these are
cyclosporin A, tacrolimus, standard dermatological
therapy with topical steroids, standard dermatological
therapy with behaviour therapy, balneotherapy, and
UV-therapy/photopheresis.36–44

Feldman45 coined the term ‘patient-centered care’ in
which the patient’s QoL plays an integral role, and per-
manent communication and exchange with the patient
are important components for the clinician and the
approach to the disease. Clinical and therapeutic deci-
sions depend on a number of different factors. The
patient’s QoL does not always directly correlate with
the severity of the disease as reflected in the skin find-
ings and degree of area affected. It is therefore very
important to include these factors in the evaluation of a
disease and in the evaluation of the severity. Decisions
concerning therapies can then be taken individually
and patient-appropriately with the patient’s direct
involvement. Investigation into QoL may help to docu-
ment the result of medical measures scientifically in a
way which the patient can understand. 

Table 12.3 Excerpt from the DLQI 

Dermatologischer Lebensqualitäts-Index (DLQI)
(Dermatology Life Quality Index; Copyright: AY Finlay, GK Kahn, 1992* dt Übersetzung: M Augustin, 1997)

Patienten-Nr.: Datum: DLQI-Score:

In diesem Fragebogen soll ermittelt werden, wie sehr Ihre Hautprobleme in der vergangenen Woche Ihr Leben

beeinfluβt haben. Bitte kreuzen Sie pro Frage ein Kästchen an. Wenn eine Aussage für Sie gar nicht zutrifft, dann

kreuzen Sie bitte “Entfällt” an.

1. Wie juckend, schmerzhaft, wund oder brennend war Sehr stark Ο
Ihre Haut in der letzten Woche? Stark Ο

Etwas Ο
Gar nicht Ο

2. Wie sehr haben Sie sich in der letzten Woche wegen Sehr stark Ο
Ihrer Haut geschämt oder verunsichert gefühlt? Stark Ο

Etwas Ο
Gar nicht Ο

3. Wie stark hat Sie Ihre Haut in der letzten Woche Sehr stark  Ο Entfällt       Ο
beim Einkaufen, oder bei der Haus- und Stark Ο
Gartenarbeit gestört? Etwas Ο

Gar nicht Ο

4. Wie stark hat Ihre Haut in der letzten Woche die Sehr stark Ο Entfällt       Ο
Auswahl Ihrer Kleidung beeinflubt? Stark Ο

Etwas Ο

12-Reitamo-8037.qxd  2/22/2008  10:21 AM  Page 142



QUALITY OF LIFE IN ATOPIC DERMATITIS PATIENTS 143

Quality of life in patients with atopic
dermatitis compared to other skin 
diseases

In a cohort study published in 2001 by Augustin et al,35

significant reductions to QoL were found in all scales for
patients with AD (Figure 12.3). In this study, for compar-
ative recording of AD, a random sample of 2021 consec-
utive patients at the University Dermatology Clinic
Freiburg was examined, including 165 patients with AD
undergoing treatment in the outpatient clinic. Patients
with AD showed the greatest reductions of QoL among
all patients, followed by other chronic skin diseases such
as chronic leg ulcer, psoriasis, and chronic urticaria.

Patients with medication intolerances showed no sig-
nificant detriment to QoL compared to age-matched con-
trols. In patients with insect toxin allergy, there was only
impaired QoL in the area of therapy (hyposensitization
treatment), but not in the other areas of life. These find-
ings can be understood clinically, since patients who are
allergic to medications or to insect toxins have a high
degree of control over the occurrence of interolance reac-
tions and have no symptoms when they avoid the corre-
sponding substances or situations. By contrast, patient
with AD are continuously disturbed by their symp-
toms or by potential impairment. Also, the uncertainty is
greater for patients with food allergies and with chronic
urticaria, due to anxiety and fear of unexpected reactions. 

Quality of life in patients with atopic
dermatitis compared to other chronic
diseases 

Very few state-of-the-art direct comparison studies
have yet been published to cover a broad spectrum of
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Figure 12.1 Proportion of patients with marked detriment to QoL (from: Augustin M et al. Eur J Dermatol
2004; 14: 1–8).
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Figure 12.2 Quality of life in patients with atopic
dermatitis compared to other chronic diseases,
measured by the questionnaire on everyday life
(n = 726, Bullinger M, Kirchberg I, von Steinbüchel N.
The questionnaire on everyday life – a methodology on
the evaluation of health related to quality of life. Z Med
Psychol 1993; 3: 121–31; data by Augustin M,
Zschocke I, Lange S, Schöpf E et al. The Freiburg
questionnaire on quality of life in skin diseases:
Validation and clinical results on 1865 patients.
Plettenberg Meigel, Moll: Dermatologie an der Schwelle
Zuin neuch Jahrtausend S. Berlin: Springer, Verlag,
Berlin, 2000: 722–4). High values indicate good quality
of life.
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allergic skin diseases and internal medical diseases. Our
own data comparing AD and other chronic diseases
show that the extent of detriment to QoL for patients
with AD is greater than that for patients following car-
diac infarction (in rehabilitation) and for patients with
arterial occlusive diseases in Stages II to IV (Figure
12.2). The results show that the degree of detriment to
QoL depends less on the danger to life than on the
symptoms associated with the disease and the social
and emotional limitations.

Predictors of quality of life 

According to an international consensus, QoL is a con-
struct which cannot be directly measured but evaluated
in different subdimensions. It is of particular interest
to understand which patient-related factors contribute
to high or low QoL. Investigations by Lange et al46

indicate that quality of life in AD is mainly predicted by
4 factors: 

1. physical complaints
2. social anxiety
3. helplessness
4. coping with disease

Consecutively, a high impairment of QoL is found in
patients with high burden of symptoms (itching, burn-
ing skin, sleeplessness), problems in social life, feelings
of being helpless, and in depressive forms of coping
with illness. 

These predictors underline the necessity of a compre-
hensive disease management, including consequent and
early treatment of symptoms; training of social compe-
tence; and active coping strategies (e.g. in educational
programmes). 

NOTES FOR PRACTICE 

Recording QoL as a diagnostic tool is as yet not wide-
spread in practical dermatology. Specialist psychological
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measuring instruments are usually better suited to clarify
concrete emotional questions (such as emotional dis-
tress), since QoL in such cases is a complex, multidimen-
sional construct from a psychological point of view.
However, recording QoL as part of quality management
may be meaningful both in practical dermatology both
in the doctor’s office and in the hospital. As part of
quality management, recordings could be made using
short questionnaires, for example the Dermatology
Life Quality Index (DLQI), in a pre–post comparison in
order to document the outcomes of dermatological prac-
tice. This procedure is already the rule in clinical trials. 

The question of how the patient’s QoL can be
improved is even more relevant for practical dermatol-
ogy. An improvement in QoL is not only a high prior-
ity ethical goal but also a competitive factor for the
dermatologist against other specialist areas in which
dermatological patients are treated. 

To improve the QoL of dermatological patients, it
is necessary to determine which factors influence the
QoL. As demonstrated in the predictor study, QoL of
patients with AD is particularly influenced by social
anxiety and physical symptoms. 

These areas could be special targets in therapy.
Appropriate dermatological treatment coupled with
additional psychosocial support measures should be
considered as the primary means of improving QoL. 

Going beyond dermatological treatment, targeted
measures to support coping with the disease can also
contribute to improving the QoL in many diseases.
Such measures include thoroughly informing the
patient, which can be promoted by well-written infor-
mation sheets. Clear, well-structured patient management
can also set boundaries for demanding, time-consuming
patients, without withdrawing the support they need.
Patient training with dermatological information and
behaviour training has already been found to be signif-
icantly effective with respect to improvement in physi-
cal symptoms, coping and QoL of patients with AD.47

Another supportive measure may be participation in a
self-help group, in which exchange of experience and
information is possible. 

FURTHER PERSPECTIVES

In light of the current health-economics situation and
the still-increasing research activity in the area of QoL
research and pharmacoeconomics, it can be assumed
that these areas will increase in importance in the com-
ing years. Meanwhile, efforts are apparent in Europe,
North America and in Asian countries to harmonize
the methods for recording QoL and to reach a consen-
sus on the procedures for clinical studies. The German

Dermatological Society has already published a corre-
sponding guideline for recording QoL. Based on this
consensus agreement, the recording of QoL and also of
resultant costs have become fixed components of good
clinical studies (Good Clinic Retrospective) and have
already been included in national laws governing
marketing authorization and reimbursement of drugs
in several countries.4

Dermatology can especially benefit from these
activities, since QoL studies clearly emphasize that
some skin diseases rank highly and thus justify quali-
fied, specialist dermatological treatment, even from a
cost point of view. Thanks to QoL studies, the focus
will be directed away from only preserving life, which
is usually of subordinate importance in inflammatory
skin diseases, to the quality of the remaining years of
life. In cost discussions, it will be helpful to be able to
present the high detriment experienced by patients with
chronic skin diseases. 
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13
General management of patients with
atopic dermatitis
Mark Boguniewicz and Noreen Nicol

EDUCATION OF PATIENTS AND
CAREGIVERS

Education of patients and their caregivers is a crucial
component in caring for patients with atopic dermatitis
AD. Learning about the chronic or relapsing nature
of AD, exacerbating factors, and therapeutic options is
important for both patients and caregivers. Just as
asthma action plans are integral to the management of
asthmatic patients, so too, clinicians treating patients
with AD need to provide both verbal and written
information that includes general disease information
along with detailed skin care recommendations (Figure
13.1). Patients or caregivers may forget or confuse skin
care recommendations given them without a written
step-care plan. This should be reviewed and modified
at follow-up visits. There are many ways to customize
care plans so that they meet the individual patient and
family needs. Factors including severity of disease, age,
patient history, and current environment all need to be
considered. Development of a skin care programme
that is agreed upon by the clinician, patient, and care-
givers requires open communication. In-depth discus-
sions can rarely be accomplished in an abbreviated
clinic visit and adequate time needs to be set aside for
proper education or they need to be coordinated with
special classes. Presentations at international meetings
have touted the benefits of attending eczema schools.
At the National Jewish Medical and Research Center in
Denver, Colorado, a weekly in-depth class on all
aspects of AD is taught by the nursing staff to supple-
ment teaching that occurs in the clinic, day hospital, or
inpatient settings.

When patients with AD present with suboptimal
response to prescribed therapy, the clinician’s reaction
often is to substitute another medication without

any attempt to evaluate the whole picture. After several
such encounters, patients may seek help elsewhere or are
labelled as therapeutic failures. The experience of the
authors at a national referral centre is that the vast
majority of patients sent with a diagnosis of recalcitrant
AD or treatment failure can be helped with conventional
therapy when appropriate attention is given to the indi-
vidual patient.1 Direct demonstration of specific skin
care techniques is very useful and often revealing when
done on follow up to help understand when a patient
may not be showing the expected therapeutic response.
The patient or caregiver needs to show an appropriate
level of understanding to help ensure a good outcome.
Illustrative examples of treatment failures that were
easily corrected with appropriate review and education
include a patient referred as a failure of hydration
therapy who demonstrated by applying a thick coat

Figure 13.1 Education involves a written atopic
dermatitis care plan.
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of petrolatum to her body prior to soaking her skin,
rather than after the bath. Another patient sent as a fail-
ure of topical corticosteroid therapy demonstrated his
approach to using the topical medication by applying a
minute quantity from a small-sized tube and rubbing
it in over a large area. When asked how long he had been
using the same tube of medicine (which should have
lasted no more than one week as discussed below in
Practical aspects of using topical corticosteroids), the
patient related that he had in fact been using it for several
months. Another common mistake is the application of a
high potency corticosteroid (e.g. beclomethasone dipro-
pionate 0.05%) to an area of the body such as the face or
axillae, while using a lower potency corticosteroid
(e.g. hydrocortisone 2.5%) to the trunk or extremities,
based on the patient’s or caregiver’s perception that cor-
ticosteroid potency is based solely on the assigned per-
cent value (i.e. 0.05% vs 2.5%), rather than on the
specific corticosteroid preparation (i.e. beclomethasone
dipropionate vs hydrocortisone). This can be avoided
through education as well as careful prescription writing
by the clinician. 

The patient and family with chronic AD have often
seen multiple health care providers who may have given
them confusing or conflicting information. This may
set up a cycle of frustration and search for a straightfor-
ward solution to their problem. Practitioners of unproven
therapies may take advantage of these patients, even
promising a cure. Thus, it becomes imperative to convey
the message that at present, treatment is directed at
levels of control, not a cure. Stepwise management as
proposed in the PRACTALL consensus report should be
considered.2 Adequate time is needed to discuss this
chronic illness, potential triggers, along with diagnostic
and treatment options irrespective of degree of disease
severity. However, in the patient with severe, difficult to
control disease, education is an especially critical part of
illness management. 

Patients who are ‘failing’ conventional therapy may
benefit from hospitalization (as discussed later in this
chapter). The significant and sustained clinical improve-
ment often seen with this intervention may in large part
be due to in-depth, hands-on education, along with
changes in environmental exposures, reduction in stres-
sors, and assurance of adherence with therapy. At the
National Jewish Medical and Research Center, patients
from across the US and abroad are treated in a variety
of settings including the outpatient clinic, day hospital
programme, and inpatient service. A high percentage
of these patients experience significant improvement
even when treated with medications that they previ-
ously believed were ineffective, when the treatment is
integrated into a comprehensive and individualized
management programme with thorough understanding
as the foundation. 

It is imperative to offer patients good references other-
wise they will find their own, potentially less reliable ones.
Patients with chronic AD may benefit from contacting
national organizations, which provide education. In the
US, educational brochures and videos can be obtained
from the National Eczema Association (800-818-7546 or
www.eczema-assn.org) and information, instruction
sheets, and brochures from the National Jewish Medical
and Research Center Lung Line (800-222-LUNG or
www.njc.org). In Europe, educational brochures and
videos can be obtained from the National Eczema Society
(0870-241-3604 or www.eczema.org). The National
Eczema Society has also endorsed the book Eczema and
your child: a parent’s guide. It is important to stress to
patients and caregivers that they should review advice
or tips gained through outside sources with their clini-
cians. Often, even small changes to a care regimen can
either be detrimental or of little benefit, but can add to
the cost of the treatment regimen. An open and ongoing
dialogue between the clinician, patient, and caregivers
improves the likelihood of adherence with the treatment
plan and leads to improved outcomes. 

Patients and caregivers should also be counselled
regarding the natural history and prognosis of the disease
with appropriate vocational counselling. Hand eczema is
an important cause of occupational disability in patients
with a history of AD, and patients and caregivers need to
recognize that even those who appear to outgrow their
AD may be prone to hand eczema.3 Thus, jobs requiring
wet work or frequent hand washing may not be good
choices for patients with significant AD.

PSYCHOSOCIAL ISSUES IN THE
CONTEXT OF GENERAL MANAGEMENT
OF ATOPIC DERMATITIS 

Given the significant impact of AD on quality of life (QoL)
of patients and families, addressing psychosocial issues is of
great importance in managing this illness (see also Chapters
11 and 12).4 A key component of AD is the sleep disruption
that affects not only patients, but caregivers as well. The
fragmented sleep results in daytime fatigue, which can
impact school and job performance. Patients will occasion-
ally drop out of school or be unable to maintain employ-
ment, and caregivers may give up their jobs due to this
aspect of the AD. This in fact can contribute to the high eco-
nomic burden of this disease.5 Despite the significance of
this chronic problem, patients and caregivers find that sleep
disruption is often not adequately addressed by clinicians.
Use of sedating antihistamines, sedatives, or hypnotics may
be appropriate, especially in the acute setting. Counselling,
relaxation, or bio-feedback may all be helpful, especially
in patients with habitual scratching.6,7 Select patients may
benefit from insight-oriented psychotherapy.8
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Studies to explore the application of behavioural
management techniques to aid patients in the manage-
ment of their child’s eczema have been conducted.9 It is
well recognized that patients with chronic AD have a
learned behaviour component that perpetuates their
itch-scratch cycle. One behavioural management strat-
egy to consider is habit reversal. This method involves
an alternative or competing behaviour adopted in place
of the undesirable behaviour. The patient and caregivers
need to integrate the new behaviours into their daily
routines. Simple examples to replace scratching behav-
iours include patting the site rather than scratching, or
application of a cool washcloth or a moisturizer to the
involved area. Involving the patient/caregivers in this
process and addressing their concerns will promote not
only self-esteem, but will also assist in the development
of life skills to promote long-term self-management. 

AVOIDANCE OF IRRITANTS 

Patients with AD have a lowered threshold of
irritant responsiveness and need to avoid irritants.10

Irritants are substances which cause direct toxic
damage to the skin without preceding allergic sensitiza-
tion. In addition, patients with AD have an abnormal
stratum corneum, even in non-involved skin, that con-
tributes to diffusional water loss after application of a
topical irritant, confirming a functional abnormality.11

Additionally, inflammatory changes including spongio-
sis, perivenular mononuclear infiltrate, and activated
eosinophils can be seen after application of the irritant.
Thus, non-specific triggers may contribute to chronic
inflammation in AD. Common irritants include soaps,
detergents, solvents, acids, alkalis, particulate dusts,
and ‘wet work’. Cotton gloves can be used as a barrier
against irritants such as newspaper ink (Figure 13.2).
These allow patients to maintain manual dexterity and
are available even for young children (Figure 13.3a and
13.3b). In addition, cotton gloves can decrease trauma
to the skin caused by scratching.

Since soaps and detergents are potential irritants,
clinicians often advise patients to completely avoid
them. This may be inappropriate advice as cleansers
may be useful, especially in patients with frequent
skin infections. In a double-blind, placebo-controlled
study, daily bathing with an antimicrobial soap con-
taining 1.5% triclocarban resulted in reduction in
Staphylococcus aureus colonization and significantly
greater clinical improvement than with the placebo
soap.12 Thus, the potential benefit of such cleansers
needs to be weighed against possible irritant effects. 

Most of the irritancy of cleansers, soaps, and detergents
resides in the surfactant. In addition, the effect of pH on
the irritancy of cleansers has been debated for some time.

Current recommendations usually include using cleansers
with minimal defatting activity and a neutral pH.
Commercial soaps may contain, in addition to surfactant,
a number of additives including optical whiteners, suds-
controlling agents, germicidal agents, perfumes, abrasive
agents, and dyes. Of these, perfumes and dyes frequently
contribute to skin irritation. Perfume- and dye-free prod-
ucts are often identified as ‘sensitive skin formulations’
and may be better tolerated by patients with AD. In a
comparative study of 18 soaps and cleansers using a
chamber test, Dove® was found to be the mildest with
respect to erythema, scaling, and fissuring.13 Alcohol and
astringents in skin care products can be drying and their
use should be minimized. Laundry detergents present sim-
ilar problems. However, presence of enzymes in deter-
gents did not appear to make a difference with respect to
clinical outcomes in one controlled trial.14 Use of a liquid
rather than powder detergent can result in more complete
rinsing or adding a second rinse cycle may facilitate
removal of residual detergent. New clothing should be
laundered prior to wearing to remove formaldehyde and
other chemicals. 

Environmental factors that can modulate the effect of
irritants include temperature, humidity, and texture of
fabrics. Temperature in home and work environments
should be temperate with moderate humidity to minimize
sweating. Patients tend to do better in an air-conditioned
environment. Occlusive clothing should be avoided and
loose-fitting cotton or cotton blend garments substituted
to help with overheating. The most important quality of
the fabric may be non-abrasiveness and breathability and
many blended fabrics are well-tolerated. Two random-
ized controlled studies found that texture or roughness,
rather than fabric type (natural vs synthetic) determined
tolerability and skin irritancy.15,16

Intense sun exposure can lead to overheating
and evaporation, along with perspiration, which can

Figure 13.2 Use of cotton gloves as a barrier against
irritants such as newsprint ink.
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contribute to skin irritation. Although ultraviolet rays
in sunlight have some beneficial properties with regards
to AD, they can cause photodamage and sunburn.
Patients and caregivers need to be educated as to the
risks and benefits of natural sunlight and proper use of
sunscreens. Sunscreens made specifically for the face
due to their ‘facial formulation’ are often the ones best
tolerated by patients with AD. 

While patients are often counselled to avoid swim-
ming in chemically treated pools, such activity can in
fact improve the dermatitis of some patients. It is impor-
tant to instruct patients or caregivers to use gentle
cleansers afterwards to effectively remove the chlorine
or bromine rather than simply rinsing off, and then to
apply a moisturizer. 

AVOIDANCE OF ALLERGENS 

Food allergens have been shown to play a role in a
subset of patients with AD (discussed in Chapter 8).17

In children who have undergone double-blind,
placebo-controlled food challenges, milk, egg, peanut,
soy, wheat, and fish account for approximately 90%
of the food allergens found to exacerbate AD.18 Food
challenges are usually done after first clearing up the
patient’s eczema or at least having a stable baseline and
the specifics of this procedure have been described.19

Food challenges were first reported at the authors’
centre in the 1970s recognizing that a positive skin
test to a food allergen did not necessarily define clinical
relevance.20 Removal of proven food allergens on the
other hand from the patient’s diet can lead to significant
clinical improvement.18,21 It is important for patients
to completely avoid implicated foods, as even small
amounts of the food allergen can contribute to food-
specific IgE synthesis. Organizations such as Food
Allergy and Anaphylaxis Network) can provide valu-
able information on hidden sources of common food
allergens, recognizing specific food proteins by various
names on food labels and methods of preparing certain
foods with safe substitution of allergenic ingredients.
Following the natural history of food-related AD is
important as most patients will become tolerant to food
allergens such as milk or egg protein, even in the face of
positive skin tests. Typically, labour-intensive food chal-
lenges have been required to help define the natural
history of food allergy. Recently, quantitation of
specific IgE levels for 4 food allergens measured by
the Pharmacia CAP System FEIA (egg ≥ 7 kUA/L,
milk ≥ 15 kUA/L, peanut ≥ 14 kUA/L, and  fish ≥ 20 kUA/L)
have been shown to be associated with a > 95% chance
of clinical reaction (Figure 13.4, Table 13.1).22 Thus, a
child with AD and a milk-specific IgE of 15 kUA/L or
greater would not need to undergo an oral milk chal-
lenge. Serial IgE measurements using the Pharmacia
CAP System FEIA to these food allergens has also
proven to be of value in following the natural history of
patients’ food allergies to help determine when a food
could be reintroduced.

The issue of prevention of AD with dietary manipu-
lation is often raised by expectant parents. In a
prospective study, Zeiger et al23 found that restricting

Figure 13.3a and 13.3b Use of cotton gloves by
children allows them to play or perform normal
activities and is usually readily accepted. Gloves can
also minimize skin trauma from scratching.

a

b
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the mother’s diet during the third trimester of preg-
nancy and during lactation and the child’s diet during
the first 2 years of life resulted in decreased prevalence
of AD in the prophylaxis group compared with a con-
trol group at 12 months of age but not at 24 months.
Follow-up through 7 years of age showed no difference
between the prophylaxis and control groups for AD or
respiratory allergy.24 Kay et al25 also found that breast-
feeding did not affect the lifetime prevalence of AD in a
large ethnically and socially diverse group of children
in England. In contrast, one 17-year prospective cohort
study found that infants who were breast-fed exclu-
sively for more than 6 months had a significantly lower
prevalence of eczema at 1 year (all infants) and 3 years
(infants with a family history of atopy) compared
to infants who were breast-fed for less than 1 month or
intermittently breast-fed.26

While the benefits of breast-feeding infants with
AD have been touted, sensitization to allergens in the
mother’s diet transferred through breast milk is a
potential problem for at-risk infants. Isolauri et al27

investigated the extent and severity of allergic sensitiza-
tion in a group of exclusively breast-fed infants with

AD. Cessation of breast feeding and institution of an
amino acid formula compared to continued breast-
feeding, even with maternal elimination, resulted in
improvement in a number of clinical parameters includ-
ing extent and intensity of eczema and Scoring atopic
dermatitis (SCORAD) (p < 0001). In addition, nutri-
tional and growth parameters also improved when breast-
feeding was discontinued in this population. 

In some studies, the degree of sensitization to aeroal-
lergens has also been shown to be associated with the
severity of AD (see Chapter 9).28 Isolation of Der p
1-specific T cells from skin lesions and allergen patch
test sites of AD patients sensitized to dust mite allergen
provides supportive evidence that the inflammatory
response in AD can be elicited by inhalant allergens.29

Importantly, environmental control measures aimed at
reducing dust mite allergen load including the use of
dust mite-impermeable covers for pillows and mat-
tresses have been shown to improve AD in patients
with specific IgE to dust mite allergen in some controlled
studies.30–32 While some studies have not found such
benefit,33,34 this may reflect the need to reduce allergen
exposure in other environments or other factors
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Figure 13.4 Probability of reacting to a food allergen based on allergen-specific IgE measured by Pharmacia
CAP System FEIA (from ref 22).
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contributing to chronic skin inflammation. Of note, in
one 12-month study of adults with AD, the use of
polyurethane-coated cotton encasings was compared to
cotton encasings.35 Eczema severity was more pro-
nounced in the patients using the treated covers. House
dust mite exposure and specific IgE both decreased sig-
nificantly in this group. Of interest, patients not sensi-
tized to house dust mite also benefited from use of the
mite-proof covers, suggesting that impermeable covers
may reduce exposure to other allergens, irritants or
possibly superantigens. Dust mite-impermeable covers
for pillows and mattresses appears to be a simple and
relatively low cost environmental control measure.36

While no controlled studies have looked at avoidance
of furred animals in homes of patients with AD, in sen-
sitized patients avoidance of such indoor allergens
makes sense based on our current understanding of
allergic inflammation (see Chapters 4 and 9).

SKIN HYDRATION 

Atopic skin shows enhanced transepidermal water
loss associated with impaired function of the epidermal
barrier.37 Patients may also have decreased ceramide
levels in their skin, resulting in reduced water binding
capacity, higher transepidermal water loss, and
decreased water content.38 Re-hydrating the skin is best
accomplished through soaking baths, although show-
ers may be appropriate for patients with milder disease.
Bathing may also remove allergens from the skin sur-
face and reduce colonization by S. aureus. Of note, bal-
neotherapy in acidic hot springs has been shown to
help patients with refractory AD.39,40 Unfortunately,
some clinicians have confused wetting of skin, which is
typically followed by evaporation and microfissuring,

with soaking of skin which leads to re-hydration in
conjunction with sealing in the moisture. Thus, water
avoidance is often recommended even for patients with
severe xerosis. At the authors’ centre, ‘soak and seal’
are central to proper skin care.

Bathing or soaking the affected area should be done
for approximately 15 minutes in warm water making
sure that involved areas are covered to avoid evapora-
tion (Figures 13.5 and 13.6). Water temperature should
feel comfortable to the patient, as the oft-recommended
‘tepid’ is usually too cool for most patients. Adding age-
appropriate toys will help young children cooperate with
the bath. A wet washcloth or towel can be used for
hydration of the face or neck (Figure 13.7). Cutting out
eye and mouth holes allows older patients to read or

Table 13.1 Recommended interpretation of food allergen-specific IgE levels (kUA/L) in the diagnosis of food

allergy (Sampson HA. Utility of food-specific IgE concentrations in predicting symptomatic food allergy.

J Allergy Clin Immunol 2001; 107: 891–6.)

Egg Milk Peanut Fish Soy Wheat

Reactive if =(no challenge necessary) 7 15 14 20 65 80 Probability

Possibly reactive (physician challenge*) 30† 26† of

Unlikely reactive if < (home challenge*) 0.35 0.35 0.35 0.34 0.35 0.35 reaction

*In patients with a strongly suggestive history of an IgE-mediated food allergic reaction, food challenges shoul be performed
with physician supervision, regardless of food-specific IgE value. If the food-specific IgE level is less than 0.35 kUA/L and the
skin prick test response is negative, the food challenge can be performed at home unless there is a compelling history of
reactivity.
†

Figure 13.5 Bathing is the best way to re-hydrate the
skin and adding toys will help younger patients
cooperate with the soak.
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engage in other tub-safe activities (Figures 13.8 and
13.9). A basin can be used for eczema of the hands or
feet (Figure 13.10). Baths can be increased to several
times daily during flares of AD. Addition of oatmeal to
the bath water may be soothing to patients but does not
promote skin hydration, while bath oils may give the
patient a false sense of lubrication and can make the tub
slippery. Recently, addition of rice starch to bath water
was shown to improve barrier function in patients with
AD.41 After hydrating the skin, patients should gently
pat away excess water with a soft towel and immediately
apply an occlusive preparation to prevent evaporation.

MOISTURIZERS 

Use of moisturizers together with hydration may
help re-establish and preserve the stratum corneum
barrier.42 Daily moisturizer therapy can also increase
high-frequency conductance, a parameter for the
hydration state of the skin surface.43 This allows for
ranking the efficacy of moisturizers according to the
duration of effects or the magnitude of increase in the
hydration level of the stratum corneum. In another
study, the effect of a urea-containing moisturizer on the
barrier properties of atopic skin was investigated by

Figure 13.6 Infant in tub with proper support. 

Figure 13.7 Wet towels can be used on exposed
areas of eczema during baths to allow for hydration.

Figure 13.8 Hydration of the face with a wet mask
while reading can be done in a tub, bed or chair.

Figure 13.9 Hydration of the face with a wet mask
may be more readily acceptable by allowing the
patient to play a video game.
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measuring skin capacitance and transepidermal water
loss.44 The skin was then exposed to an irritant
(sodium lauryl sulphate) and the irritant reaction was
measured non-invasively. The urea treatment signifi-
cantly increased skin capacitance, indicating increased
skin hydration. The water barrier function, reflected
by transepidermal water loss values, improved while
skin susceptibility to sodium lauryl sulphate was signif-
icantly reduced. Thus, certain moisturizers could improve
skin barrier function and reduce susceptibility to irri-
tants. Adding a moisturizer to a low potency topical
corticosteroid was shown to improve clinical parame-
ters in 2 studies of patients with AD.45,46 Moisturizers
have also been shown to decrease the need for topical
corticosteroids.47

Alpha-hydroxy acids impact keratinization by affecting
corneocyte cohesion and stratum corneum formation. In
addition, they increase dermal mucopolysaccharides and
collagen formation. The efficacy and safety of 12%
ammonium lactate emulsion has been assessed by clinical
criteria and by non-invasive methods including electrical
capacitance of stratum corneum, skin surface lipids, trans-
epidermal water loss (TWEL), skin surface topography as
well as the biomechanical properties of the skin.48 All
patients tested showed a significant increase in electrical
capacitance, skin surface lipids, extensibility and firmness
of the skin, and an improvement in the skin barrier func-
tion and skin surface topography. Of potential clinical
importance, 12% ammonium lactate has been shown to

mitigate the epidermal and dermal atrophy associated with
application of a potent topical corticosteroid.49 However,
ammonium lactate should not be applied to open lesions as
this results in significant burning and stinging.

As discussed above, a number of studies suggest that
AD is associated with decreased levels of ceramides,
contributing not only to a damaged permeability bar-
rier, but also making the stratum corneum susceptible
to colonization by S. aureus.50 In a recent study, a
ceramide-dominant emollient was added to standard
therapy in place of their moisturizer in 24 children
with ‘stubborn-to-recalcitrant’ AD.51 SCORAD values
improved significantly in 22 of the 24 children by
3 weeks with further progressive improvement in all
of the patients between 6 and 21 weeks. TEWL
decreased concomitantly with SCORAD and stratum
corneum integrity (cohesion) and hydration also
improved slowly. Finally, ultrastructure of the stra-
tum corneum revealed extracellular lamellar mem-
branes, which were largely absent in baseline samples.
Several ceramide-dominant creams are marketed as
barrier-repair creams. Other non-steroidal creams
with unique mechanisms of action include Atopiclair®

and Mimyx®.52

Moisturizers are available in ointments, creams,
lotions, and oils. In general, ointments are formulated
with the fewest additives and are the most occlusive,
although in a hot, humid environment, they may trap
perspiration, which may result in increased pruritus.
Lotions and creams may be irritating due to added
preservatives or fragrances. In addition, lotions contain
more water than creams and may have a drying effect
due to evaporation. While oils may go on easily, they
are often less effective moisturizers. Moisturizers should
be obtained in the largest size available (typically one
pound/480 g jars) since they typically need to be
applied several times each day on a chronic basis. Of
note, even young patients can be taught to apply their
moisturizer, which allows them to participate in their
skin care (Figures 13.11a and 13.11b). Vegetable short-
ening can be used as an inexpensive moisturizer.
Petroleum jelly is not a moisturizer, but can be used as
a sealer after hydrating the skin.

PRACTICAL ASPECTS OF USING
TOPICAL CORTICOSTEROIDS 

Topical corticosteroids have been the mainstay of
treatment for AD, showing efficacy in both acute and
chronic disease. By acting on multiple resident and infil-
trating cells, primarily through suppression of inflamma-
tory genes, they are effective in reducing inflammation
and pruritus.53 In addition, topical corticosteroids may

Figure 13.10 Involved body areas can be soaked
selectively in a basin, even during clinic visit to
demonstrate technique.
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have an effect on bacterial colonization in AD, reducing
the density of S. aureus.54,55

Topical corticosteroids are available in potencies rang-
ing from extremely high (class 1) to low (class 7) (Table
13.2).56 Of note, the vehicle the product is formulated in

Figure 13.11a and 13.11b Involving children in their
therapy is important. Young children may participate
readily at an early age, applying their moisturizer.

Table 13.2 Representative topical corticosteroid

preparations

Group 1* Clobetasol propionate

(Temovate) 0.05% ointment/cream

Betamethasone dipropionate

(Diprolene ) 0.05% ointment/cream

Halobetasol propionate

(Ultravate) 0.05% ointment/cream

Group 2 Mometasone furoate

(Elocon) 0.1% ointment

Halcinonide (Halog) 0.1% cream

Fluocinonide (Lidex ) 0.05% ointment/cream

Desoximetasone (Topicort) 

0.25% ointment/cream

Group 3 Fluticasone propionate (Cutivate) 

0.005% ointment

Halcinonide (Halog ) 0.1% ointment

Betamethasone valerate

(Valisone) 0.1% ointment

Group 4 Mometasone furoate (Elocon) 0.1% cream

Triamcinolone acetonide (Kenalog)

0.1% ointment/cream

Fluocinolone acetonide (Synalar)

0.025% ointment

Group 5 Fluocinolone acetonide (Synalar)

0.025% cream

Hydrocortisone valerate (Westcort)

0.2% ointment

Group 6 Desonide (DesOwen) 0.05% ointment/

cream/lotion

Alclometasone dipropionate

(Aclovate) 0.05% ointment/cream

Group 7 Hydrocortisone (Hytone) 2.5% &

1% ointment/cream

*Steroids listed by group from 1 (super potent) through 7
(least potent).
Adapted from Stoughton RB. Vasoconstrictor 
assay-specific applications. In: Maibach HI, Surber C, eds.
Topical Corticosteriods, Basel: Karger, 1992.

a

b
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can alter the potency of the corticosteroid and move it up
or down in this classification. While generic formula-
tions are required to have the same active ingredient and
concentration as the original product, many do not have
the same formulation of the vehicle and their bioequiva-
lence can vary significantly.57 In general, a steroid mole-
cule will be most potent in an ointment base. 

Topical corticosteroids are available in a variety of
bases including ointments, creams, lotions, solutions,
gels, sprays, foam, oil, and even steroid-impregnated
tape. Thus, there is no need to compound these medica-
tions. In addition, use of an emollient immediately prior
to or on top of a topical corticosteroid may decrease the
effectiveness of the latter. Ointment-based preparations
are most occlusive, have the fewest additives, provide
better delivery of the medication, and decrease evapora-
tive losses. During periods of excessive heat or humid-
ity, cream formulations may be better tolerated since
the increased occlusion may contribute to pruritus or
folliculitis. In general, however, creams and lotions,
while easier to apply, may contribute to skin irritation
and xerosis. Solutions are useful on the scalp or other
hirsute areas, although the alcohol in them can be quite
irritating when used on inflamed or excoriated lesions.
Ingredients used to formulate the different bases may be
irritating to individual patients and may cause sensitiza-
tion. In addition, the corticosteroid molecule itself can
induce an allergic contact dermatitis.58 This diagnosis is
often difficult to establish on clinical grounds since it
can present as acute or chronic eczema. Patch testing
has been done primarily with tixocortol pivalate and
budesonide, although this approach can miss allergic
sensitization in a subset of patients. Expanded testing,
on the other hand, has been associated with both false-
positive and false-negative reactions.59

Choice of which topical corticosteroid preparation to
prescribe will depend in large part on the severity and
distribution of eczematous lesions. Patients need to be
informed about the potency and potential side effects
of their prescribed topical corticosteroid. Patients may
erroneously assume that the potency of a topical
corticosteroid is defined by the percent stated after the
compound name (as discussed above under Education
of Patients and Caregivers). In general, using the least
potent corticosteroid that is effective should be the rule.
This approach needs to be balanced by the possibility
that initiation of therapy with a topical corticosteroid
that is too weak may result in persistence or worsening
of AD, which in turn can lead to decreased adherence
with the treatment regimen. Thus, a step-care approach
starting with a mid or high potency preparation (except
to eczema of the face, axillae or groin) followed by
a lower potency preparation with clinical improve-
ment may be a more effective strategy. All too often,

patients are prescribed a high potency corticosteroid
with instructions to discontinue it within 7 to 14 days,
without a plan to step down, resulting in rebound flaring
of their AD, similar to what is frequently seen after oral
corticosteroids. In some cases, therapy-resistant lesions
may require a potent topical corticosteroid under occlu-
sion, although this approach should be used cau-
tiously and be reserved primarily for severe eczema of
the hands or feet.60,61 It is important to remember that
Lotrisone contains both clotrimazole, an antifungal,
and beclomethasone dipropionate, a high potency corti-
costeroid, and should rarely be used for treating AD and
never applied to the face, groin or axillae.

Prescribing topical corticosteroids in inadequate
amounts can also contribute to suboptimally controlled
AD, especially in patients with widespread disease
(Table 13.3). It is worth remembering that it takes
approximately 30 grams of medication to cover the
entire body of an average adult.62 Thus, patients who
have to refill prescriptions frequently may undertreat
their eczema or become non-adherent with their pre-
scribed regimen. In addition, obtaining medications
in larger quantities can result in significant savings
for patients. The fingertip unit (FTU) defined as the
amount of topical medication extending from the tip to
the first joint on the palmar aspect of the index finger
has been studied in children with AD as a measure for
applying topical corticosteroids.63 It takes approxi-
mately 1 FTU to cover the hand or groin, 2 FTUs
for the face or foot, 3 FTUs for an arm, 6 FTUs for
the leg, and 14 FTUs for the trunk.

Topical corticosteroids have typically been applied
twice daily and using them more frequently may

Table 13.3 Amount of topical corticosteroid

to dispense for an average-sized adult

Twice-daily
application

Single for 2 
Area application (g) weeks (g)

Face, hands,

genital area 2 60

Arm, anterior

or posterior trunk 3 80

Leg 4 120

Entire body 30–60 840–1680

Modifed from Weston WL, Lane AT, Morelli JG. Color
Textbook of Pediatric Dermatology, 2nd edn. St Louis,
Mosby, 1996.
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increase side effects and cost without a significant
clinical benefit. Of note, once daily treatment has
been shown to be effective for certain corticosteroid
preparations, including fluticasone propionate64 and
mometasone furoate.65 Once daily application may
improve adherence with the treatment regimen. Given
the concern with side effects associated with chronic
use, topical corticosteroids have not been considered
appropriate for ‘maintenance therapy’ especially to
normal-appearing skin. More recent studies with fluti-
casone propionate in patients as young as 3 months of
age66,67 have shown that once control is achieved with
a once daily regimen, long-term control can be main-
tained with twice weekly therapy. Of note, during the
maintenance phase of the study, the corticosteroid
preparation was applied to areas that appeared to have
healed, which resulted in delayed relapses compared
with placebo therapy. 

Patients with AD may not respond appropriately to
their topical corticosteroid. Reasons for this may include
S. aureus superinfection, inadequate potency of the
preparation, or insufficient amount dispensed as dis-
cussed above. Other causes for apparent treatment fail-
ure include steroid allergy and possibly corticosteroid
insensitivity. However, a much more practical reason for
therapeutic failure with topical corticosteroids is non-
adherence with the treatment regimen. As with any
chronic disease, patients or caregivers often expect a
quick and permanent resolution of their illness and
become disillusioned with the lack of a cure. In addition,
a significant number of patients or caregivers admit to
non-adherence with topical corticosteroids due to fear of
adverse effects.68,69

PRACTICAL ASPECTS OF ORAL
CORTICOSTEROID THERAPY 

The use of oral corticosteroids should be avoided as
much as possible in a chronic, relapsing disease such as
AD. Although patients may experience rapid and dra-
matic relief from their eczema, this is often followed by
rebound flaring. Short courses of an oral corticosteroid
are at times used with the initiation of other treatment
measures. Gradual tapering of the oral corticosteroid
with intensification of topical skin care may dampen
rebound flaring.

TAR PREPARATIONS

While the anti-inflammatory properties of tars are not as
pronounced as those of topical corticosteroids, they may
be useful in reducing the need for topical corticosteroids
in chronic maintenance therapy of AD. In a comparison

with a moderate potency topical corticosteroid, tar
therapy was found to be comparable in its inhibitory
effect on the influx of a number of pro-inflammatory
cells, as well as on the expression of adhesion mole-
cules in response to epicutaneous allergen challenge.70

Currently, tars are used primarily in shampoos for scalp
inflammation or as bath additives. Coal tar products
have been developed which are better tolerated with
respect to odour and staining of clothes. A moisturizer
applied over the tar product will decrease the drying
effect on the skin. Some patients prefer a tar com-
pounded in an ointment or cream base such as 5% LCD
(Liquor Carbonis detergents) in Aquaphor ointment to
avoid the need for multiple layers. Tar preparations may
be used primarily at bedtime to allow the patient to
remove the preparation in the morning and limiting
staining to a few pairs of pyjamas and bed sheets. Tar
preparations should not be used on acutely inflamed
skin, since this may result in irritation. Side effects asso-
ciated with tars include folliculitis and photosensitivity.

PRACTICAL ASPECTS OF
ANTI-INFECTIVE THERAPY 

Systemic antibiotic therapy is usually necessary to treat
lesions secondarily infected with S. aureus that are wide-
spread. First- or second-generation cephalosporins given
for 7–10 days are usually effective (e.g. cephalexin 500 mg
twice daily or 25–50 mg/kg divided twice daily for paedi-
atric patients). A semisynthetic penicillin can also be used.
Since erythromycin-resistant organisms are common,
erythromycin and other macrolides are of limited useful-
ness. Patients become rapidly re-colonized after a course
of antibiotics;71 however, long-term maintenance antibi-
otic therapy should be avoided as it may predispose to
colonization by methicillin-resistant organisms. The topi-
cal anti-staphylococcal antibiotic mupirocin (Bactroban)
applied 3 times daily to affected areas for 7–10 days
can be used to treat localized areas of involvement.72

Treatment twice daily for 5 days with a nasal preparation
of mupirocin may reduce nasal carriage of S. aureus.73

On the other hand, use of topical neomycin can result
in allergic contact dermatitis as neomycin is among the
more common allergens causing contact dermatitis.74

Patients with eczema herpeticum, also referred to as
Kaposi’s varicelliform eruption, usually require treat-
ment with systemic aciclovir in a hospital setting.75

Recurrent cutaneous herpetic infections can be sup-
pressed with a prophylactic oral antiviral (e.g. aciclovir
400 mg twice daily). Superficial dermatophytosis and
M. sympodialis can be treated with topical or rarely
systemic antifungal drugs. A subset of patients with AD
may respond to treatment with antifungal agents.76
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PRACTICAL ASPECTS OF ANTIHISTAMINE
AND ANXIOLYTIC THERAPY

Pruritus is the cardinal symptom of AD and the associ-
ated scratching can contribute to open, superinfected
lesions, bleeding, lichenification, or nodular changes,
sleep deprivation and impact on quality of life (QoL).
Eliminating triggers of pruritus whenever possible is
critical. Systemic antihistamines and anxiolytics may be
useful in the management of patients with AD primarily
through their tranquillizing and sedative effects and can
be dosed in the evening to avoid daytime drowsiness.
The tricyclic antidepressant doxepin is both a histamine
H1- and H2- receptor antagonist with a long half-life
and may be dosed 10–50 mg once in the evening. If noc-
turnal itching and scratching remain severe, short-term
use of a sedative to allow adequate rest may be appro-
priate. In general, second-generation antihistamines
have been less useful in AD, especially in controlling
pruritus. However, they may still help with allergic trig-
gers. Of interest, treatment of children with AD with
cetirizine reduced the number developing asthma in the
subgroups sensitized to house dust mite or pollen.77

Treatment of AD with topical antihistamines and
local anaesthetics should be avoided because of poten-
tial sensitization. Although in a 1 week multicentre,
double-blind, vehicle-controlled study, topical 5% dox-
epin cream significantly reduced pruritus and sensitiza-
tion was not reported, rechallenge with the drug after the
7-day course of therapy was not evaluated.78 Since then,
several case reports have documented allergic contact
dermatitis to doxepin cream.79 

MANAGEMENT OF RECALCITRANT
DISEASE

Wet wrap dressings

Wet wrap dressings reduce pruritus and inflammation
by cooling of the skin and improve penetration of top-
ical corticosteroids. They also act as a protective bar-
rier from the trauma associated with scratching. One
form of this treatment modality involves using tubular
bandages applied over diluted topical corticosteroids.
In a study of erythrodermic children, clinical improve-
ment was noted within 2–5 days with no relapses on
follow up 2 weeks later.80 Mean serum cortisol levels
were depressed, but normalized after 2 weeks. In a
more recent study, children with severe AD showed sig-
nificant clinical improvement after 1 week of treat-
ment.81 Of note, there was no significant difference
noted using several dilutions of the mid-potency topical

corticosteroid. This suggests that clinical benefit can be
obtained with this treatment in more severe patients
even with the use of lower potency corticosteroids. Of
note, in a long-term maintenance trial in 21 children
with severe AD using wet tubular dressings over a weak
topical corticosteroid 2 times per week or less for 3
months, all of the children improved and in addition
their sleep disturbance and topical corticosteroid use
were both reduced.82

An alternative approach used for many years with
success at the National Jewish Medical and Research
Center in Denver employs wet clothing, such as long
underwear and cotton socks, applied over an undiluted
layer of topical corticosteroids with a dry layer of
clothing on top.83 It is important to emphasize that
these are wet, not wet-to-dry, dressings that are used
for debridement of wounds. Specifics of the procedure
are described in Table 13.4 with selective steps demon-
strated in Figures 13.12a–k. Alternatively, the face,
trunk, or extremities can be covered by wet, followed
by dry, gauze and secured in place with a dressing such
as Spandage® elastic bandage or pieces of tube socks.
Wraps may be removed when they dry out (typically
after 1–3 hours) or they may be re-wet. However, it is
often practical to apply them at bedtime and most
patients are able to sleep with them on. Patients occa-
sionally will complain of feeling chilled, which can be
prevented by appropriate bundling and use of blankets.
Maceration of the skin, folliculitis, and secondary
infection are uncommon in the authors’ experience. In
fact, S. aureus colonization was found to be decreased
in a recent controlled study of wet wrap dressings with
topical corticosteroid.84 Given the cumbersome nature
of this therapy, it is probably best reserved for acute
exacerbations of AD, although it can also be used selec-
tively to limited areas of resistant dermatitis with mini-
mal inconvenience.

HOSPITALIZATION 

AD patients who are erythrodermic or who appear
toxic may require hospitalization either as inpatients
or in a day hospital. In addition, patients who appear
to be treatment failures or resistant to a number of
conventional therapies should be considered for hospi-
talization. Removing the patient from environmental
triggers or stressors, together with intense education
and assurance of adherence with the treatment regi-
men, results in marked clinical improvement in many
cases. The patient can also undergo appropriately con-
trolled provocative challenges to help identify poten-
tial allergic triggers.
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Table 13.4 Stepped approach to wet wrap therapy

SUPPLIES

1. Topical medications and moisturizers.

2. Tap water at comfortable body temperature.

3. Basin for dampening of dressings.

4. Clean dressings of approximate size to cover involved area:

a. Face: 2 to 3 layers of wet Kerlix® gauze held in place with SurgiNet.

b. Arms, legs, hands & feet: 2 to 3 layers of wet Kerlix® gauze held in place with Ace bandages or tube socks, or

cotton gloves, or wet tube socks followed by dry tube socks.

c. Total body: Combination of above, or wet pyjamas or long underwear covered by dry pyjamas, or sweatsuit.

5. Blankets to prevent chilling.

6. Non-sterile gloves if desired.

PROCEDURE

1. Be certain that the patient’s room is warm and ensure privacy.

2. If wraps are to be applied to a large portion of the body, work with two people if possible. It is necessary to work

rapidly to prevent chilling.

3. Explain the procedure to the patient and parent.

4. Fill the basin with warm tap water.

5. Soak the dressings. Squeeze out excess water. Dressings should be wet, not dripping.

6. Usually, the patient will have had a soaking bath prior to this procedure. Pat skin dry with a towel.

7. Apply the appropriate topical medications to affected areas and moisturizer to non-affected areas immediately 

after pat drying the skin.

8. Cover an area with w`raps using 2 to 4 layers of wet gauze or other material. Immediately after wrapping, cover

with appropriate dry material such as an Ace bandage, socks, or pyjamas. Start at the feet and move upward.

Use wet, long underwear or wet pyjamas covered by dry pyjamas or sweatsuit with total body involvement in 

place of wet gauze.

9. Observe for chilling. Blanket can be put in a drier to warm up and cover patient, but do not overheat the patient.

Wraps can be removed after 1–3 hours or can be re-wet.

10. If patient is known or suspected to have an infection of the involved areas, place dressings in

appropriate bag and dispose according to infection control procedure.

11. After all dressings are removed, moisturizers may be applied to the entire body.

12. Special considerations with latex sensitive patients:

A. Provide hydration therapy in tub rooms.

a. Use built-in mechanical stopper in tub, not a rubber one.

b. No rubber/latex toys should be used in the bathtub.

B. Apply creams with latex free gloves or ungloved hands as appropriate.

C. Apply wet wraps using Kerlix® 1 wet layer followed by 2 dry layers only to areas of body requiring wet wraps.

Avoid use of wet clothing, which may contain elastic bands or elastic fibres as dressing material. Even covered

elastic may cause a reaction when wet. Wash all clothing before use.

13. Documentation should include charting of topical medications used, patient’s skin assessment with special 

attention to worsening of skin, and tolerance for procedure.
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Figure 13.12a Supplies gathered prior to beginning
procedure.

Figure 13.12b Wet tube socks can be used to hands
and feet in place of dressings.

Figure 13.12c Wet wraps to body can be accomplished
with an initial layer of wet cotton-blend underwear.

Figure 13.12d Wet layer of clothing should be
covered by a dry layer. One-piece footie pyjamas work
well in small children. Additionally, when the neck is
involved, a turtleneck shirt or a dressing can be added.

Figure 13.12 Various stages of applying wet wrap
dressings. The complete procedure is described in
Table 13.4. Wraps should be applied selectively to
involved areas.
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Figure 13.12e Wet Kerlix® wrapped around
forehead and chin.

Figure 13.12f Wet Kerlix® applied to facial area for
perioral and cheek involvement, twisting Kerlix®

around the nasal area.

Figure 13.12g Spandage® (burn netting) applied over
wet Kerlix® with small openings for eyes, nose, and
mouth cut out when cheeks and perioral area are involved.

Figure 13.12h Larger opening can be made with
Spandage® or burn netting when cheeks or perioral
area are not involved.
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Mode of action of glucocorticoids 
Ekkehard May, Thomas Zollner, Heike Schäcke, Stefanie Schoepe, Hartmut Rehwinkel,
Wolfram Sterry, and Khusru Asadullah

INTRODUCTION

Glucocorticosteroids (GCs) are the most widely used
drugs in dermatology and remain the mainstay therapy
for a multitude of indications. The frequency of sys-
temic, intralesional, and in particular topical application
of GCs in daily dermatological practice is thus not sur-
prising (Table 14.1). Soon after its introduction more
than 50 years ago, GC therapy became a cornerstone in
the therapy of atopic dermatitis (AD) and application of
topical GC is frequently the therapy of choice in AD to
date, while systemic GC therapy is rarely indicated due
to its higher side-effect potential.

The introduction of topical hydrocortisone in the
early 1950s signified a great advance as compared to
previously available therapies. Yet, it was triamci-
nolone acetonide, the first of the halogenated cortico-
steroids, that sparked a revolution in GC development
which ultimately led to the very potent agents available
now. The enthusiasm for these highly effective agents
peaked during the 1960s and 1970s, and perhaps
inevitably, the more potent GCs were often used
inappropriately and indiscriminately. Adverse effects
became apparent and the subsequent backlash of opin-
ion against GCs created confusion and prejudice
against all steroid-containing preparations, whose
extreme may be termed ‘steroid phobia’.1 Even today,
disaffirmation of corticosteroids is considerable.2,3

However, topical GCs are successfully and com-
monly used for the treatment of AD and numerous
other cutaneous inflammatory diseases. Since the
strongest anti-inflammatory compounds belong to the
GCs, they show great advantages in certain indications,
localizations, and types of disease. However, due to
their high potencies, they may have deleterious effects
when used improperly (Figure 14.1). Their adequate
use thus belongs to the ‘art of treatment’ in dermatol-
ogy, requiring profound personal experience as well as
solid knowledge of mode of action, indications as well

as contraindications, different types of GCs available,
possible combinations, and finally side effects. This
review gives an overview of these aspects.

CLASSIFICATION AND MOLECULAR
ASPECTS

Chemical structure

Cortisol or hydrocortisone has a steroidal structure
characterized by a keto group at position 3, a double
bond at position 4, a β-hydroxyl group at position 11, an
α-hydroxyl group, and a substituted carbon side chain at
position 17. Oxidation of the hydroxyl group at position
11 gives cortisone, an inactive compound. (Figure 14.2).4

To achieve therapeutic efficacy, the chemical structure
has to be modified. Fluorination at positions 6 and/or
9 generally increases activity. The most commonly
introduced chemical modifications are:

Table 14.1 Examples of GC therapy in

dermatology

Application Indication

Topical Atopic dermatitis

Contact eczema

Psoriasis

Prurigo

Intralesional Prurigo 

Keloids

Systemic Bullous diseases

Connective tissue diseases

Anaphylactic reactions
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1. Introduction of a double bond at position 1 affords
prednisolone.

2. Introduction of a double bond at position 1, an α-
fluorine at position 9 and an α-methyl group at
position 16 leads to dexamethasone.

3. Introduction of a double bond at position 1, an α-
fluorine at position 9 and an α-hydroxyl group at
position 16 gives triamcinolone.

4. Introduction of a double bond at position 1, an 
α-fluorine at position 9 and a β-methyl group at
position 16 yields betamethasone.

5. Both triamcinolone and betamethasone require
increased lipophilic properties for full activity.
This can be achieved by structural variations. In the
case of triamcinolone the hydroxyl groups at the

positions 16 and 17 have been transformed in an
acetonide giving triamcinolone acetonide. Regarding
betamethasone, esterification is possible: in the
case of betamethasone dipropionate the hydroxyl
groups at positions 17 and 21 have been esterified.
Introduction of a double bond at position 1, an α-
fluorine at position 9, a β-methyl group at position
16, a substitution of the hydroxyl group at position
21 by a chlorine and the oxidation of the hydroxyl
group at position 11 gives after esterification of
the hydroxyl group at position 17 clobetasone
butyrate. The substitution of the hydroxyl group at
position 11 by a ketone group limits the potential
of systemic absorption of this otherwise powerful
topical steroid.5

Anti-inflammatory

Clinical effects

Antiallergic

Pain relief
(secondary)

Permeability↓

Cardio-
vascular

Cataract,
glaucoma

Skin thinning,
echymoses

Weight gain/obesity,
fluid retention/oedema,
cushingoid appearance,

impaired
glucose metabolism

Neuropsychiatric,
HPA insufficiency

Osteoporosis,
osteonecrosis

Myopathia

Infections

Immuno-
suppression

Desired
therapeutic

effects

Adverse
reactions

Effects on cells, tissues, and organs

Immune cells Vessels

Treatment with
glucocorticoids

Muscle

Bone

C
N

S
H

P
A
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et
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Figure 14.1 Most important clinical effects of glucocorticoids. Examples for desired therapeutic effects
as well as side effects of GCs on different organs are shown. CNS = central nervous system, HPA = hypothalamic–
pituitary axis. (Reprinted from Buttgereit F, Burmester GR, Lipworth BJ. Optimised glucocorticoid therapy:
the sharpening of an old spear: Lancet 2005; 365(9461): 801–3,90 by courtesy of F. Buttgereit and Elsevier.)
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Potency: assessment and classification

The potency of GCs is usually determined by measur-
ing surrogate markers such as vasoconstriction. After
application of a topical GC onto the normal forearm,
blanching occurs after 4–7 hours, and may persist
8–48 hours. The effects seen in the vasoconstriction
assay correlate reliably with the clinical potency of
classical GCs.6,7

The predominant classification of topical GCs is
based on their potencies (Table 14.2). In clinical use,
GCs are placed into 4 groups according to their clinical
effects, both wanted and unwanted. Group I contains
mild, group II moderate, group III strong, and group IV
very strong topical GCs (Table 14.2). Since brand
names as well as chemical entities differ in various
countries, the reader is referred also to local reviews.
Being familiar with several pharmaceutical products
from each group is a prerequisite to be able to treat
adequately in different clinical situations.

The local potency of a given GC is determined by its
concentration, its penetration profile as well as its
molecular structure; the latter will determine the inter-
action with the steroid receptor as well as the interac-
tion of the steroid–receptor complex with the DNA of
the target cell.

More recently, the therapeutic index (TIX) has been
introduced for topical GCs8 describing the benefit:risk
ratio evaluation based on in vitro and in vivo data con-
cerning both efficacy and safety.9 The clinical part of
the concept has in particular been based on a commu-
nication by Schäfer-Korting.10,11 The TIX indicates the
ratio of desired and adverse effects of several GCs.
Since a TIX of 1–2 reflects an equal ratio of desired and
adverse effects, a TIX of 2–3 indicates a GC with
improved benefit:risk ratio. For example mometasone
furoate, a class III GC with a TIX of 2 shows predomi-
nance of desired effects over side effects. The TIX con-
siders atrophogenicity (Table 14.3) and further side
effects as well as a series of beneficial effects of a given
GC and thus integrates its advantages and limitations.8

Local administration of metabolically unstable com-
pounds and introduction of the prodrug principle rep-
resent major steps in the development of GCs with an
improved benefit:risk ratio (see Perspectives on Optimizing
Glucocorticoids Therapy and Novel Approaches to Target
the Glucocorticoid Receptor).

Mode of action

Topical GCs are absorbed by lipophilic structures of
the epidermis. They penetrate the lower epidermis as
well as the upper dermis while concentrations decrease
with increasing depth. GCs enter cells of the epidermis
and dermis by diffusion through the cell membrane and
possibly by receptor-mediated processes.12 In the cyto-
plasm, they bind to the glucocorticosteroid receptor
(GR). This receptor belongs to a group of DNA binding
molecules that includes the receptors for sexual, miner-
alosteroid and, thyroid hormones as well as vitamin A,
retinoids, and vitamin D. Their effects are mainly
exerted by up- and/or down-regulation of gene expres-
sion. Among the numerous genes having GC response
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Figure 14.2 Structure of cortisol (hydrocortisone).

Table 14.2 Four categories of topical

glucocorticoids according to strength: typical

examples

Class Potency Example*

I Low Dexamethasone 0.1%

Hydrocortisone acetate 1.0%

Hydrocortisone 1–2.5%

II Moderate Methylprednisolone

aceponate 0.1%

Prednicarbate 0.25%

Mometasone furoate 0.1%

III Strong Halcinonide 0.1%

Betamethasone valerate 0.1%

Fluocionide 0.05%

Amcinonide 0.1

IV Very strong Clobetasol propionate 0.05%

*Potency is given for creams. Potency may differ for other
formulations.
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elements (GREs) in their promotor regions are genes
encoding structural proteins (collagens), enzymes
(phospholipase A2), adhesion molecules, cytokines
(interleukins, transforming growth factor alpha13)
and many others. These complex interactions cause
4 effects that are relevant in clinical treatment:5

1. Vasoconstriction
2. Immunomodulation
3. Anti-inflammation
4. Anti-proliferation.

The vasoconstrictive effect is clinically useful in acute
inflammation, when the infiltration of additional
inflammatory cells from the circulation needs to be
blocked. Reduced drug clearance from the skin due to
diminished blood supply and circulation is considered
another beneficial consequence of vasoconstriction.
Immunomodulation may depend on functional changes
of GR-expressing immunocytes such as T cells (TC)
or various antigen-presenting cells (APC), or on GC-
mediated block of mitosis, e.g. halted proliferation and
clonal TC expansion. Immunomodulatory and anti-
proliferative effects are therefore partially overlapping,
and both contribute to the beneficial anti-inflammatory
efficacy of GCs. Taking these effects together, the
outstandingly broad and efficacious clinical profile of
many GCs becomes comprehensible.

Molecular mechanisms of
the glucocorticoid receptor activity

GC bind to cytosolic GR, a member of the nuclear
receptor superfamily which generally functions as a
ligand-activated transcription factor. The GR consists
of a C-terminal ligand binding domain (LBD), a DNA
binding domain with a dimerization interface in the
centre of the molecule and the two transcription activa-
tion (AF) domains AF-1 and AF-2.14 In the absence
of a ligand, the cytosolic GR is associated with molecu-
lar chaperones, co-chaperones and immunophilins.
Binding of ligands to the GR releases the protein
complex and induces translocation of the ligand
receptor complex to the nucleus where it modulates
gene expression either positively (transactivation) or
negatively (transrepression).

GC-induced transactivation has been shown to be
DNA-dependent, i.e. the activated receptor homodimer
binds to specific sequences in the promoter or enhancer
region of GC sensitive genes, termed GREs, thereby
inducing gene transcription. Three different types of
GREs requiring different types of binding have been
described: simple, composite, and tethering GREs.
While simple and composite GREs attract direct bind-
ing of the activated GR to the DNA, tethering GREs
recruit GRs that are engaged in protein–protein inter-
action with other DNA-binding transcription factors.15

Dimerization of the GR is considered a prerequisite
for activation of gene transcription. Thus, introduction
of a point mutation into the dimerization domain of
the GR suppresses the transactivation function of the
receptor in vitro.16 These results were supported by
findings from a mouse carrying a mutated GR.17 In this
model, a GR A458T mutation within the dimerization
domain abolishes or strongly reduces the ability of the
receptor to induce the transcription of several genes in
these animals. Thus, the dimerization domain of the
GR is supposed to be an important domain for positive
regulation of gene expression by the GR. However, a
recent screen to determine different sets of primary
transactivated GR targets implies that not only an
intact dimerization domain is required for full transac-
tivation activity of the GR, but also AF-1 and AF-2 in a
promoter-specific fashion.18 Importantly, there is good
evidence that major side effects of GC therapy, such as
diabetes, glaucoma, muscle atrophy, etc., are predomi-
nantly depending on transactivation mechanisms19

(Table 14.4). These findings provide a promising
rationale for the development of novel GR targeting
drugs with superior effect:side effect ratios (see below).

GR-induced negative regulation (transrepression) is
as variable as positive regulation. First, GR binding to
negative GREs (nGREs) in promoter or enhancer
regions of sensitive genes may suppress transcription of

Table 14.3 Therapeutic index (TIX) based on

therapeutic strength and atrophogenicity

TIX Skin atrophy Class Glucocorticoid

1 1 I Hydrocortisone
1.06 2 II Triamcinolone acetonide
1.2 2 III Betamethasone valerate
1.4 1 II Hydrocortisone butyrate
1.5 2 IV Clobetasol propionate
2 1 II Prednicarbate
2 1 II Methylprednisolone

aceponate
2 1 II Mometasone furoate

TIX of 1–2, Relation of desired and adverse effect
is balanced; 2–3, GC with improved benefit:risk ratio.
Skin atrophy: 1, GC induces little skin atrophy; 2,
strong induction of skin atrophy. Modified from
Luger T et al. Topische Dermatotherapie mit
Glukokortikoiden Therapeutischer Index.
J Dtsch Dermatol Ges 2004; 2(7): 629–34;
Garbe C, Wolf G. Topische Therapie.
In: Braun-Falco O et al, eds. Dermatologie and
Venerologie. Berlin: Springer, 2005: 1431–61.
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these genes. In contrast to GREs associated with the
positive regulation modus, negative GREs are not par-
ticularly conserved. A second mechanism of transre-
pression is conferred by liganded GR that binds closely
to the starting point of transcription, thus interfering
with the general transcription initiation complex and
resulting in inhibition of gene transcription. Third, the
activated GR can bind via protein–protein interaction
as a monomer to other transcription factors such as AP-
1 or NF-κB and thus inhibit their activity.20 Expression
of numerous pro-inflammatory cytokines, chemokines,
adhesion molecules, and enzymes is regulated by these
two transcription factors.21–23 Therefore, this mecha-
nism is supposedly the major mechanism of anti-
inflammatory and immunosuppressive effects of GCs.

Studies with histone deacetylase (HDAC) inhibitors,
which usually relieve negative regulation of other
nuclear receptors, provided conflicting results.24–28 AP-
1 though, as a downstream target of JNK, can be inhib-
ited via suppression of C-Jun N-terminal kinases (JNK)
kinase activity by the GR.29,30 GCs are also known to
interfere with the extracellular signal-regulated protein
kinase (ERK-1 and ERK-2) and p38 MAP kinases path-
ways via increased expression of the dual-specificity MAP
kinase phosphatase (MKP-1).31,32

In addition, negative regulation of pro-inflammatory
proteins via the activated GR may be due to decreased
mRNA stability and/or translation of e.g. IL-2, IL-1,
VEGF, TNF-α, IL-6, IL-8, and COX-2. Such mecha-
nisms of regulation may include protein–protein inter-
actions of the activated GR with RNA-binding proteins
similar to its interaction with subunits of transcription
factors. Alternatively, they might rely on GC-mediated
synthesis of new proteins with mRNA-destabilizing
properties.33

Co-factors bind to the carboxy-terminal portion of
the LBD of the GR in a ligand-dependent fashion. They
either promote transcriptional activation (co-activators)
or repress promoter activity (co-repressors).34,35 While
co-activator binding is hormone-dependent, co-repressors
bind to ligand-free or antagonist-liganded receptor.36–38

For both types of co-regulators, enzymatic activities have
been described35 and they are also suggested to be impor-
tant for cell and tissue specificity of GC effects.

Percutaneous penetration

Penetration
Penetration is the sum of processes that allow a steroid
to find its way through the horny layer into epidermis
and dermis. Penetration depends on several factors
inherent to normal or inflamed skin and on the physic-
ochemical properties of the steroid, and is further influ-
enced by the vehicle. Methods to investigate the steroid
penetration include the use of radiolabelled molecules,
but also advanced tape stripping techniques in combi-
nation with analytical techniques.

Resorption
Resorption is defined as the systemic uptake of steroids fol-
lowing topical application. While treatment of small areas
will not cause any problem related to steroid resorption,
the use of high potency steroids, in particular in conjunc-
tion with occlusion using plastic foils, is associated with the
risk of systemic side effects of GCs such as depression of
endogenous cortisol production, adrenal cortex atrophy,
bone demineralization, and growth retardation in children.

It is important to realize that different sites of the
skin differ dramatically regarding penetration of topical
steroids. As compared to palms and soles, a GC mole-
cule will penetrate 40 times more efficiently when
applied to the forehead. Other areas with a high resorp-
tion are eyelids, scalp, axilla, and genital areas.

Modern pharmacology has synthesized steroid
molecules that are cleaved into relatively low potency
steroids when they enter systemic circulation, thereby
reducing or even abrogating the risk of resorption and
systemic side effects. 

PRINCIPLES OF TREATMENT

One must keep in mind that AD as a chronic disease
needs treatment over decades. Therefore, care has to be
taken to avoid long-term side effects that may accumu-
late over the years. Therapy of AD should always pay
attention to several aspects to reduce GC consumption.
Such multimodal therapy should include:

Table 14.4 Side effects of classical GCs

Side effect of GC

Organ treatment

Skin Atrophy, striae, acne,

perioral dermatitis

Skeleton/muscle Muscle dystrophy,

osteoporosis, bone

necrosis

Eye Glaucoma, cataract

CNS Depression, anxiety

Endocrine system Diabetes, adrenal atrophy,

growth retardation

Cardiovascular system Hypertension, thrombosis

Gastrointestinal system Ulcer/gastric bleeding
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1. Avoidance of individual provocation factors, such
as irritants (e.g. dry air, detergents, wool), allergens
(e.g. house dust mites, pollen, microbial factors
including Pityrosporum orbiculare)

2. Use of adjunctive agents such as emollients and
balneotherapy

3. Phototherapy
4. Antiseptics, in case of superinfection.

When treating AD with GCs several aspects need
special consideration, including:

1. Topical or systemic treatment
2. Severity (extent and activity) of the disease
3. Age of the patient
4. Control of compliance 
5. Combination with other treatment modalities
6. Possible side effects.

Figure 14.3 schematically indicates the place of GC
therapy in AD. Some ‘golden rules’ to avoid topical
GC-induced side effects are summarized in Box 14.1.

Topical or systemic treatment?

Systemic application of GC will control the disease in
almost all cases in a very short time period. Fast onset of
action and short treatment period make this treatment
modality appealing at least for adults. Large affected

body surface area (at least > 20%) or resistance to alter-
native therapy/ies may indicate a systemic treatment
option. However, the multitude of partially severe side
effects require careful benefit:risk analyses, especially
since AD is a chronic disease. Patients with or prone to
diabetes mellitus, arterial hypertension, osteoporosis,
gastric ulcer, or glaucoma have an increased risk when
treated with systemic GCs. In general, treatment with
0.75–1 mg/kg body weight/day (prednisolone, methyl

weak moderate severeDisease

topical
treatment

Number of patients

weak GCs;

temporary potent GCs

potent GCs

phototherapy

systemic
treatment 

GC

Figure 14.3 GCs in the therapy of eczema. Whereas topical GCs are frequently applied in mild to moderate
AD (either by using weak GC over longer periods of time or potent GCs over limited periods), systemic GCs
are usually only applied (if at all) temporarily in patients with severe disease and often in combination with
other regimens.

Box 14.1 Golden rules to prevent frequent
problems of GC therapy

• Make the right diagnosis
• Don’t treat infections with GCs
• No long-term therapies of infants with potent

steroids 
• Caution with potent steroids in special location

(genital, face)
• Don’t prescribe more than 50 g of class III and

IV steroids on one prescription
• Consider re-examination of patients who need

prescriptions periodically – consider alternative
therapy

Side effects mediated by topical GCs occur only
rarely when GCs are applied correctly!
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prednisolone) is effective. The daily dose should be
applied once in the morning to reduce suppressive
effects on the HPA axis. Usually, the initial dose can be
rapidly reduced (e.g. every other day) and a treatment
period exceeding 10 days should be an exception.

Mostly, even in severe cases of AD, systemic GC ther-
apy is not needed and experienced dermatologists man-
age to control the disease with topical treatment. The
following aspects therefore focus on topical GC therapy.

Severity of atopic dermatitis

High potency GCs are prone to more severe side effects,
especially skin atrophy. Furthermore, even in severe
forms of AD, daily (or twice daily) application of moder-
ate to strong potency topical GCs can control the disease
and avoid side effects caused by very strong potency GCs.
Daily application is in general preferred and sufficient,
since the stratum corneum serves as a reservoir that
releases the active agent over a prolonged period of time.
This allows for additional use of complementary adjunc-
tive therapy such as emollients to reduce the overall
amount of GCs (‘tandem therapy’). We recommend that
patients treat early manifestations  rather than waiting
for full blown exacerbation, and predominantly use one
moderate potency GC (e.g. methylprednisolone aceponate,
prednicarbate, or mometasone furoate). Dependent on the
severity of the exacerbation, it should initially be applied
(twice) daily and reduced to every other day and twice a
week, when the symptoms are controlled (‘interval ther-
apy’). Although such an interval therapy is not well doc-
umented in randomized, placebo-controlled, prospective
studies, there are a few examples demonstrating its value.
Prolonged therapy of AD with fluticasone propionate
ointment (0.005%) on 2 days per week for 16 weeks was
significantly effective over placebo in stabilizing the
disease remission. Similar effects have been observed 
in chronic hand eczema. Intermittent application of
mometasone furoate ointment (0.1%) on 3 days per week
significantly reduced the reoccurrence rate over placebo or
twice weekly application.39

Location

The sensitivity for GCs is different at different sites. As
mentioned above, the skin sites differ dramatically
regarding the penetration potential of topical steroids.
As compared to palms and soles, GC molecules will pen-
etrate much more efficiently when applied to the fore-
head, eyelids, scalp, axilla, or genital area. Consequently,
caution is necessary when treating such regions (shorter
treatment periods, use of lower potency GCs). Topical
unwanted side effects have not been reported associated
with steroid treatment of the scalp. 

Age of patient

GC penetration is enhanced in young children. In addi-
tion, they have a higher relative body surface area.
Children are therefore at special risk of developing sys-
temic side effects such as growth retardation, Cushing’s
syndrome and intracranial hypertension.40,41 Also, they
may develop local side effects, in particular steroid acne
or striae distensae. Since several inflammatory skin dis-
eases such as AD characteristically show an early onset,
repetitive treatment over prolonged periods of time are
likely. One should therefore consider the use of steroids
in children carefully42 and utilize all treatment options
including avoidance of provocation factors. In addition,
modern moderate potency GC such as methylpred-
nisolone aceponate or prednicarbate should be used due
to their better effect/side effect ratio as compared to
older compounds. But even with these compounds,
application should be restricted to a minimum and not
exceed 3 weeks of continuous application. 

Control of compliance 

Use of topical steroids requires strict control of compli-
ance. Thus, ‘golden rules’ have been defined repeat-
edly.5,43 These include:

1. Regular clinical observation
2. No unsupervised repeated prescriptions
3. Limitation of the quantity prescribed to the affected

area and the time period expected to be necessary
for clearing or expected therapeutic effect

4. Periods of steroid-free treatment
5. Use of high potency steroids only under control of

dermatologists.

Control of compliance is not only necessary to avoid the
unrestricted excessive use, which may cause severe side
effects, but also with regard to the widespread steroid
phobia. It is thus not uncommon that patients do not
use the prescribed GCs because of personal concerns. It
is the physician’s task to explain the effect/potential side
effect profile of a given GC to the patient in order to
achieve a realistic perception of the regimen.

Steroid phobia

This phenomenon of steroid phobia initially occurred in
the 1960s–70s and is still of considerable concern. A ques-
tionnaire-based study of 200 dermatology outpatients
with atopic eczema (age range 4 months–67.8 years)
assessed the prevalence of topical corticosteroid phobia in
Great Britain. Overall, 72.5% of people worried about
using topical corticosteroids on their own or their child’s
skin. Twenty-four per cent of people admitted to having
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been non-compliant with topical corticosteroid treatment
because of such worries. The most frequent cause for con-
cern was the perceived risk of skin thinning (34.5%). In
addition, 9.5% of patients worried about systemic
absorption leading to effects on growth and development.
This indicates that a considerable number of patients
indeed worry about using their prescribed GC.1

SIDE EFFECTS

Systemic side effects

The use of systemic GCs is limited by their potential to
induce severe and sometimes irreversible undesired
effects, such as osteoporosis, diabetes, Cushing’s syn-
drome, glaucoma, muscle atrophy, and many others,
especially after long-term treatment (Table 14.4). This is
the reason why systemic GC therapy is only exceptionally
used in AD (e.g. for very severe exacerbation). In con-
trast, topical GC therapy generally induces systemic side
effects very rarely. With the advent of potent and highly
potent topical GCs, however, reports of systemic side
effects became more frequent. Two clinical situations –
treatment of children and the use of occlusive techniques
in larger areas – demand special care and attention since
systemic side effects with suppression of plasma cortisol
may occur. For instance, halcinonide cream applied for 5
days suppressed plasma cortisol levels in patients with
extensive psoriasis with and without occlusion. This was
attributed to the increased absorption of steroids through
the defective horny layer barrier situation in psoriatics. In
contrast, no adrenal suppression was observed when
halcinonide cream was applied to more than 50% of the
body surface in normal healthy individuals.44

When highly potent steroids were used in hospitalized
patients with psoriasis and eczema, clobetasol had a
higher potency than betamethasone dipropionate or
diflorasone diacetate in suppressing plasma cortisol.4 It
is our clinical experience that systemic side effects corre-
late with topical potency; dermatologists treating large
areas of the body for any skin disease should be thus be
aware of the fact that systemic GC effects may occur,
and that those may in part be relevant for both the ther-
apeutic effect as well as for unwanted side effects.

Local side effects

Steroid acne
Prolonged treatment with steroids may result in the
development of steroid acne (Figure 14.4). Most com-
monly, this will occur in adjunction of scalp treatment
in the nuchal region as well as on the forehead. The
localization and the lack of blackhead formation allow
differentiation from normal acne. Treatment should
include informing the patient and avoidance of contact

with steroid ointment outside the areas intended to be
treated rather than formal topical acne treatment.

Perioral dermatitis
Perioral and periocular dermatitis occur frequently after
uncontrolled use of topical steroid formulations by
patients suffering from a facial skin disease (Figure 14.5).
Seborrhoeic dermatitis may be the most frequent skin dis-
order associated with steroid abuse in males, while cos-
metogenic folliculitis prevails in females.

Figure 14.4 Steroid acne. Steroid-induced red papular
eruption on the back, chest, and face of an 18-year-old
man a month after starting oral ciclosporine and
prednisone (to prevent renal graft rejection).
(With permission from S. Paramoo, Dermatlas;
http://www.dermatlas.org.)

Figure 14.5 Steroid-induced dermatitis. Periocular
steroid-induced dermatitis. (From Zollner TM,
Boehncke WH., Kaufmann R (eds). Atopische
Dermatitis). Berlin: Blackwell, Science, 2002.
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Striae distensae
In adolescent patients with prolonged use of steroids
in certain areas, particularly the axillary regions and
the thighs, striae distensae will develop as a result of
decreased collagen production along with increased con-
nective tissue tension during body growth (Figure 14.6).
Therefore, intertriginous psoriasis in adolescents should
be treated, if at all, only with great care: short-term use
and selection of middle or low potency steroids. Also, in
such patients the ‘golden rules’ should be followed strictly.

Glaucoma
Potent topical steroids may cause glaucoma when
applied around the eyelids.45 Such preparations should
not be used around the eyelids or on the patient’s face.  

Allergic contact dermatitis
Allergic contact dermatitis may occur in reaction to
many topical glucocorticosteroids.46 The allergen is
either the steroid molecule itself or resides in the vehi-
cle. Careful observation of the patient and the thera-
peutic effects, particular those that are unexpected, will

help an early detection of sensitization of the patient,
and to identify the eliciting agent by patch testing. 

Skin atrophy
Skin atrophy is the most important cutaneous side
effect of GC therapy,47,48 since a major function of
the skin, the formation of a permeability barrier
between the external milieu and the organism, is com-
promised.49 GC-induced skin atrophy is characterized
by profound increase of skin transparency, occurring
as a cigarette-paper-like consistency accompanied by
increased fragility, tearing, bruising (‘steroid purpura’),50

and a thin, shiny, and telangiectatic surface51,52 (Figure
14.7). The first original description of the phenomenon
was published in 1963 by Epstein et al53 reporting 5
patients with atrophic striae in the groin, who had
topically received Mycolog cream (containing triamci-
nolone acetonide, neomycin, gramicidin, and nystatin).
Histopathologically, in GC-induced skin atrophy, flat
dermal–epidermal junctions,50 reduced thickness of the
epidermis,52 decreased size of keratinocytes,54 and reduced
number of fibroblasts54,55 occurs. Rearrangement of the

Figure 14.6 Striae rubrae distensae (stretch marks). (a) A 28–year-old
man developed itchy erythematous circinate lesions of the groins
which he treated with a fluorinated steroid and miconazole for several
months. Striae were noted on examination of the anterior thighs
and groin creases. (With permission from: S. Paramoo, Dermatlas;
http://www.dermatlas.org). (b) Striae formation on the arm creases of
an adolescent girl following a year of application of a high potency
topical steroid for atopic dermatitis. (With permission from B. Cohen,
Dermatlas; http://www.dermatlas.org). (c) Severe striae formation on
the trunk of a young women after extensive use of topical steroids.

a c

b
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geometry of the dermal fibrous network56 and
diminution of stratum corneum intercellular lipid
lamellae are found.57

Both systemic as well as topical GC therapy can
induce skin atrophy. Factors that determine the
atrophogenic potential of a given topical GC are its
potency, duration of therapy, frequency of applica-
tion,58 and further unknown factors. Different formu-
lations may also markedly influence both the clinical
efficacy of a GC as well as its atrophogenic potential
simply due to the differing potential of the vehicle to
release the drug into the stratum corneum.59 The area
size of GC application is an important factor contribut-
ing to the development of GC-induced skin atrophy.
Atrophy is more common in areas of the body where
humidity and occlusion results in greater penetration of
the steroid such as groin and axillae.60 The face or
intertriginous areas are more sensitive to corticosteroid
penetration,61 whereas kapillitum, palmae, and plantae
are less sensitive for GC-induced skin atrophy.8

PERSPECTIVES ON OPTIMIZING
GLUCOCORTICOID THERAPY AND NOVEL
APPROACHES TO TARGET THE
GLUCOCORTICOID RECEPTOR

Several approaches have been made to identify strate-
gies to improve the effect/side-effect profile of GCs.
Progress in preclinical, sensitive, and predictive determi-
nation of the side-effect potential (e.g. atrophogenic
potential) and insight into the molecular mechanisms of
GC-mediated effects and side effects will have impact
on the identification and development of novel drugs. 

The atrophogenic potential of existing topical GC
varies to some degree; however, the pro-atrophogenic
potential of a given conventional GC in general closely
correlates with its anti-inflammatory potency.62

To selectively address both the anti-inflammatory and
pro-atrophic factors of GC activity, one may consider
strategies based on pharmacokinetics and pharmacody-
namics separately. Dermato-pharmacokinetics focus
on temporal, histological, and spatial aspects, including
those related to drug delivery, while strategies that
involve pharmacodynamics aim at exploiting mecha-
nistic aspects and modes of action that result from
intrinsic pharmacological properties of a compound.
Both types of approaches should ultimately favour
suppressive effects on immunocytes over pro-atrophic
effects on keratinocytes and fibroblasts. Whereas with
the first group of approaches novel topical therapies
may be identified, the second group of approaches may
eventually lead to the discovery of GR ligands which
are really distinct from classical GCs and show a disso-
ciated profile with the separation of effects and side
effects making them suitable for improved topical as
well as systemic therapy. 

Optimizing treatment regimen

A relatively trivial approach to minimize GC-mediated
atrophy is to simply limit the period of skin exposure
by intermittent treatment schedules. Some reduction
of skin atrophy can thereby be achieved even when
strongly atrophogenic GCs are applied. This is indicated
by reduced decrease of procollagen I and III under
intermittent usage of topical hydrocortisone.63 Yet,
to improve the overall outcome of anti-inflammatory
treatment, interruption of therapy might not be appro-
priate. Rotational treatment with topical GC and
alternative regimen, e.g. topical calcineurin inhibitors,
topical vitamin D3, or retinoids, may therefore be a
better choice. Continuous immunosuppression may be
achieved by addressing complementary anti-inflamma-
tory pathways.64 Other strategies include intermittent
use of the GC only every second day (tandem ther-
apy),65–67 intermittent treatment twice weekly,68,69 or
use of very potent GCs only for a very few days with
subsequent switch to less potent GCs as soon as a
response is observed.70,71

Optimizing pharmacokinetics and
biotransformation

Rather than limiting periods of exposure, selective
addressing of target cells and tissues may be a more
straightforward approach to achieve immunomodula-
tion while avoiding atrophy. The major players in AD,

Figure 14.7 Skin atrophy after treatment with
topical GC. Atrophy and erythema after topical
steroid application in the face. (From Zollner TM,
Boehncke WH, Kaufmann R (eds). Atopische
Dermatitis. Berlin: Blackwell, 2002; Vol 14.91)
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psoriasis, and allergic contact dermatitis are T cells.
Those may initially be activated by antigen present-
ing cells of the skin such as Langerhans cells (LCs),
plasmocytoid dendritic cells, inflammatory dendritic
epidermal cells, or macrophages. Atrophy, on the other
hand, is caused mainly by effects on dermal fibroblasts
and epidermal keratinocytes. Yet, after decades of GC
research, the ostensive lack of potent anti-inflamma-
tory but non-atrophogenic GR ligands clearly illus-
trates the challenge to hit the respective target cells
differentially. This may partly be ascribed to the
fact that, under inflammatory conditions, T cells and
antigen presenting cells are present and acting in
both epidermis and dermis. Thus, a spatial separation
of atrophy and inflammation is virtually not possible.
The atrophogenic effects of dermal fibroblasts may
outweigh those of epidermal keratinocytes, while epi-
dermal immunocytes may significantly contribute to
skin inflammation.This perception underlies efforts
to optimize the physicochemical properties of topical
GC towards high lipophilicity and high molecular size.
Increased lipophilicity (logP > 3) may facilitate parti-
tioning into the skin while increased molecular weight
(> 500 Da) may slow down transdermal permeation
into the bloodstream, providing skin-selective treat-
ment, especially of the upper skin layers.72,73 Retention
of active drug in the tissue with comparably high
inflammatory activity but relatively low contribution
to atrophy may therefore lead to a superior drug pro-
file. This principle might explain the favourable bene-
fit:risk ratio, e.g. of prednicarbate (PC; prednisolone
17-ethylcarbonate, 21-propionate), a topical GC with
reduced atrophogenic potential. It is assumed that the
advantage of PC relies in its rapid hydrolysation to
prednisolone 17-ethylcarbonate in the epidermis, a
metabolite with high GR affinity and anti-inflamma-
tory activity.74 PC as well as this metabolite permeates
the skin slowly; thus, most of the drug is decomposed
before lower skin levels, the dermis with its more atro-
phy-sensitive fibroblasts, is ever reached. Similarly, the
active metabolite of mometasone furoate was found to
have higher GR binding affinities in the epidermis than
in the dermis.75 Aiming at increased drug permeation
into the skin and reduced risk of systemic side effects,
optimization of PC parameters as well as the prodrug–
drug–antedrug concept has extensively been pursued in
topical GC development, as exemplified by PC or
methylprednisolone aceponate (MPA). The prodrug
properties, achieved by for example esterification, gen-
erally also increase lipophilicity and therefore facilitate
drug uptake into the stratum corneum.76 The prodrug
may have reduced or no pharmacological activity. Within
the skin, the prodrug becomes activated by ester-
cleavage through cutaneous esterases or spontaneous

hydrolysis, as in the case of MPA or the inhaled GC
budesonide.77 To prevent the body from systemic GC
mediated effects, the active drug requires biotransfor-
mation into an inactive or significantly less active
metabolite (antedrug) in the systemic circulation or,
with some protraction, even within the skin. This prin-
ciple is widely accepted and applied. Screening for meta-
bolically unstable corticoids, e.g. those that contain
carboxamide moieties on the side-chain or at the C-16
position of prednisolone78 is therefore a standard
approach. Overall, improved physicochemical proper-
ties and biotransformation is highly rewarding regard-
ing reduction of systemic side effects and may also
lessen a compound’s atrophogenic potential. Yet, due to
the obvious co-localization of atrophy-prone fibroblasts
and keratinocytes with the various kinds of immuno-
cytes in the dermis and the epidermis, both its use to
counter atrophy and its effect on the pro-inflammatory
milieu in the deeper skin layers is logically limited.
More sophisticated adaptations of biotransformation
approaches are required to achieve intracutaneous cell type
specific activation or deactivation. PC, for instance, is
metabolized and activated to only a minor degree in
fibroblasts (about 1% per hour) whereas it is rapidly
and almost completely activated in keratinocytes in
vitro.79 This example shows that cell type-specific prop-
erties can in principle be exploited. However, it is obvi-
ously not representing the perfect solution, since both
cell types account for atrophy and should ideally deal
with the drug similarly. Differential metabolization 
of the compound should clearly be sought to affect
immunocytes vs keratinocytes and fibroblasts. So far,
however, findings of this kind are fortuitous, and strin-
gent strategies to rationally exploit such differences are
not established. In addition, keratinocytes and fibroblasts
may contribute also to the pro-inflammatory cascade, e.g.
by releasing stimulatory cytokines such as TNF-α and
IL-1.80,81 Complete barring of those cell populations from
GC action may therefore not be appropriate.

Optimizing formulation

Besides physicochemistry and biotransformation,
drug interaction with physical parameters such as skin
hydration and formulation properties may also signifi-
cantly influence atrophy. The importance of delivery
issues becomes apparent, e.g. when PC is applied
under occlusion. Its superiority regarding induction of
atrophy is then abrogated.82 Use of transferosomes,
highly flexible lipid vesicles, may on the other hand
favourably modulate skin atrophy.83 The clinical use of
liposome encapsulation of betamethasone dipropionate
has been analysed in a phase II trial in atopic eczema
with an outcome supporting the concept.84 Another
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approach might involve the use of nanoparticles. These
solid lipid particles might also favour epidermal drug
delivery and retention versus dermal delivery.85 It is
moreover very tempting to speculate whether such
drug-loaded particles would be engulfed by cutaneous
phagocytes. If so, this might offer an appropriate way
to direct anti-inflammatory compounds straight to
crucial immunocytes such as macrophages.

Novel pharmacological approaches

The most ambitious and most promising approach to
separate beneficial effects and side effects of GR ligands
addresses differential molecular modes of action that
might underlie anti-inflammatory or undesired proper-
ties, respectively. Such mechanisms obviously do not
obey clear-cut rules since GR ligands may activate and
suppress gene activation in several different ways (see
above). There is evidence, however, that for side-effect
induction, GC-driven gene transactivation is more rele-
vant than gene transrepression. In contrast, immunomod-
ulation seems to primarily depend on GC-mediated
transrepression, i.e. silencing of pro-inflammatory genes.86

Thus, GR ligands primarily leading to transrepression
and only to a lower extent to transactivation should
have a better therapeutic index (Figure 14.8). First, GR
ligands with dissociated properties, termed selective GR
agonists (SEGRA) have recently been identified.87–89

SEGRA clearly differ from GCs both structurally and

functionally. They are non-steroidal, not hormone-
derived and orchestrate molecular pathways differently
from GCS. SEGRA compounds thus show great potential
to reduce side effects of GC while being equipotent regard-
ing immunosuppression. Consistently rats treated with a
SEGRA compound showed significantly reduced sys-
temic side effects and skin atrophy when compared to
prednisolone-treated animals. Dissociated GR ligands
therefore bear great potential to achieve an improved
benefit:risk ratio. 

CONCLUSION

Amongst the most potent therapeutics for AD are
glucocorticoids. Since hydrocortisone was launched in
the 1950s, a multitude of chemical modifications have
been tested and introduced leading to the widely used
standard GCs of today that provide a great benefit for
many AD patients. However, the flip side of the coin is
obvious – potentially strong side effects, both systemic
and cutaneous, especially when used inappropriately.
Professional attendance and advice is therefore indis-
pensable regarding prescription of GCs. Most impor-
tantly, the physician has to choose from a large palette
of GCs with individual potencies and benefit:risk
ratios and is responsible for an adequate treatment
scheme according to the severity and location of the
disease and depending on the age of the patient. The

Transactivation Transrepression

Side effects

Side effects

Anti-inflammatory effects

Improved therapeutic index

Anti-inflammatory effects

SEGRAGC

Figure 14.8 Mechanisms of GCs and SEGRAs mode of action. Simplistic model underlying the development of
selective glucocorticoid receptor agonists (SEGRA) compounds. Reduction of primarily transactivation-dependent
side effects and increase of anti-inflammatory transrepression effects will lead to drugs with a benefit:risk ratio
superior to conventional GCs. (Adapted from Schäcke H et al. SEGRAs: a novel class of anti-inflammatory
compounds. Ernst Schering Res Found Workshop 2002; 40: 357–71.88)
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reason for the potent induction of both wanted and
unwanted effects of GCs is certainly based on several
molecular mechanisms that underlie GC activity –
such as transactivation and transrepression of genes –
as well as on the large variety of GC-sensitive tissues
and genes. 

Intensive research over past decades has led to the
identification of various steroids with properties far
superior to first-generation GCs. Therapeutic effects
have been improved first and foremost by increasing
potencies, while side effects were reduced by optimiza-
tion of pharmacokinetic properties, by biotransforma-
tion (e.g. the prodrug principle), or by the advancement
of formulations. 

Yet, completely dissociated GR ligands, i.e. com-
pounds that mediate exclusively anti-inflammatory
effects over side effects based on their molecular mode
of action are not available on the market at present.
Recently however, the GR-targeting SEGRA concept
proved to be successful in rodent immune disease mod-
els and may open new roads in the treatment of AD and
many other inflammatory diseases.
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15
Clinical aspects of glucocorticoid treatment
Kristian Thestrup-Pedersen

BACKGROUND

The first report on the efficacy of topical steroids
became available in 1952, when compound F (i.e.
hydrocortisone) was documented to be effective in
various dermatoses including the treatment of atopic
eczema.1 Five decades of clinical documentation and
the experience of many doctors have proven the useful-
ness of topical steroids, which together with emollients
today still are the ‘gold standard’ of treatment for
atopic eczema. Although hundreds of trials have shown
their efficacy, most have been limited to a treatment
period of up to 4 weeks, and long-term trials are
remarkably few.

BIOCHEMISTRY OF STEROIDS

Any topical steroid needs to have a few basic
characteristics of its molecule, which stems from the
cholesterol ring (Figure 15.1). The position on the
molecule of double bonds and various side chains
has a major impact on their biological efficacy. The
‘gluco-corticoid effect’ versus the ‘mineralo-corticoid
effect’ also depends upon the presence of double bonds
and side chains. As an example all topical steroids must
have a hydroxyl (-OH) group at position 11 as they
are inactive without. A double bond between 1 and 2,
fluorination at position 9, and modifications of the
side chains in 16,17 position bring increased potency
to the molecule. The most recently marketed products
all have their side chains at the 16 or 17 position
removed at first passage through the liver, therefore –
in theory – having less systemic effects than molecules,
where the side chains are not removed.

The potency of steroids is based on their vasoconstric-
tion capacity2 combined with their clinical effect. Topical
steroids are listed into 4 groups, ranging from mild
potency, i.e. hydrocortisone acetate 1%, through moder-
ate and potent to very potent steroids.3 A listing of these
groups can be found in various pharmacological manuals.

ACTIONS OF TOPICAL STEROIDS

Anti-inflammatory effects

Steroids are effective in eczema, because they have a
broad spectrum of activity on the inflammation creating
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Figure 15.1 The steroid molecule used for topical
steroids.
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eczema. Table 15.1 lists a number of effects which will
improve the eczema.

All these effects have a ‘shot-gun’ effect on the skin
inflammation. In addition, the effects come quickly as
steroid molecules are easily absorbed into the skin.

Absorption of steroids in different
anatomical regions

An important study looked at the absorption of 3H-
labelled hydrocortisone acetate in various regions of the
body in healthy volunteers.4 If absorption through the skin
on the volar aspect of the forearm was used as ‘standard’,
it was observed that the absorption of steroids on scrotal
skin was 42 × higher, on face 6–8 × higher and in palms
0.2 × higher (or 5-fold lower). Thus, absorption varies
depending on the anatomical region, something which
should be considered when prescribing topical steroids.

Absorption of steroid is increased when the skin bar-
rier is disrupted as it is in patients with atopic eczema.
Thus, plasma cortisol levels became increased even after
application of hydrocortisone acetate. When the skin
barrier is repaired the absorption falls.5,6

EFFICACY, DOSING, DURATION, AND
AMOUNT OF STEROIDS TO BE USED

Efficacy

Figure 15.2 a,b shows a 14-months-old child before
and 1 week after treating his eczema once daily with

mometasone furoate. The pictures illustrate what is
known from daily practice: topical steroids clear
eczema and they do so fast.

Table 15.2 lists the outcome of a recent study docu-
menting how the majority of patients aged 12–65 years
and with atopic eczema can control their eczema using
fluticasone propionate and how they, on a long-term
basis, can prevent a relapse through twice weekly appli-
cation of steroid on previously treated areas.

Patients were treated daily for 4 weeks to induce remis-
sion, when 9% discontinued because of lack of effect.
The remaining patients (91%) were eligible for mainte-
nance treatment. Note how prophylactic treatment keeps

Table 15.1 A listing of anti-inflammatory effects

of topical steroids

• A broad anti-inflammatory effect on T lymphocytes

through a blockade of the release of cytokines

leading to the almost immediate diminishing of itch,

which is probably cytokine mediated 

• Blocking of dendritic cells in antigen presentation

and their removal from epidermis and dermis

• Blocking and removal of mast cells from the skin

• Down-regulation of chemokine receptors on

inflammatory cells

• Down-regulation of adhesion molecules inhibiting

cellular emigration to the skin

• Vasoconstriction inhibiting migration of T cells and

eosinophils

• Inhibition of other mediator cascades

(prostaglandins, leukotrienes)

Figure 15.2 A 14-month-old child (a) before and (b)
1 week after treating the eczema with a topical
steroid.

a

b
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81% without eczema for a 4-month period; note too that
emollients are able to keep one-third of the patients in
remission over a 16-week period.7

Dosing

Infants
Infants, at the moment, only have steroids registered as
an anti-inflammatory topical treatment for eczema. They
work well, and if the eczema is mild to moderate, low
potency topical steroids like hydrocortisone acetate or
hydrocortisone butyrate will be highly effective in many
children. Following remission of eczema, emollients can
for a certain time keep the skin normal and the steroid can
be applied again for a short course, if symptoms of eczema
relapse. However, the quite extensive steroid phobia
among parents often leads to a lack of compliance.8

Children and adults
Children and adults with severe eczema often need the
advantage of the quick effects on symptom relief from
potent topical steroids. Following remission less potent
steroids can be used or intermittent treatment can be
initiated for long-term control.7 It seems equally effec-
tive to use short bursts of a potent topical corticos-
teroid versus prolonged use of a mild preparation in
children with mild to moderate atopic eczema.9

Application frequency and
duration of treatment

A few studies show that application once daily is as
effective as twice daily for the same steroid.10 This
author therefore recommends that emollients are used
in the morning as itch is less present in the morning

hours, but when the child becomes tired in the after-
noon, bouts of itching occur and steroids should then
be applied. Emollients are steroid-sparing,11 maybe
because the stratum corneum acts as a reservoir for
steroids and application of emollients induces a steroid
release.12

A recent survey on topical steroids and their use in
atopic eczema underlines that we are lacking compara-
tive studies on different steroids for the various forms
of atopic eczema and especially how to use steroids for
long-term control.13

Amount of steroids to be used for eczema
treatment

The ‘fingertip unit’ was introduced as a practical and
instructive way of dosing the amount of steroid which
is relevant for the various anatomical regions.14,15

Table 15.3 shows the recommended maximal use of
mild to moderate topical steroid per week according to
the age of the child. If potent steroids are used it is rec-
ommended to use half the amount only. The amounts
are based on how much is needed if all skin was affected
by eczema, and the steroid was applied once daily.

Wet dressing

This dosing of steroids is very effective for children
with severe, often oozing eczema.16 The reason is that
wet dressings leave a cooling effect on the skin, leading
to relief of itch. At the same time steroid absorption is
dramatically increased. Wet dressings have a further
drawback, as they are a very time-consuming way of
applying steroids, often requiring an experienced nurse.
They should be restricted for severe cases only and for
short-term treatment: i.e. a maximum of 2 weeks.

Dispensary forms

Steroids are easy to dissolve; therefore they can be
applied in ointments, which are good for dry skin and
lead to improved absorption of the steroid. Creams are
better for oozing eczema and where the occlusive
effects of ointments are counterproductive for a normal
transepidermal water evaporation. Creams are cosmet-
ically much more acceptable for the patient. For hairy
body areas, gels or lotions are the best way for an easy
application of steroid. The dispensary forms of topical
steroids are therefore optimal.

Combinations with antiseptics or antibiotics

There are many products on the market combining a
topical steroid with antibacterial and antifungal drugs.

Table 15.2 Atopic eczema control by patients

aged 12–65 years old using fluticasone propionate

twice weekly

Fluticasone 

cream 0.05%

Maintenance twice weekly Placebo cream

treatment ++ emollient daily

Number of 70 84

patients

Outcome after 16 weeks

Relapse 19% 64%

No relapse 81% 36%
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The role of Staphylococcus aureus and its secretion of
superantigens, and the possible role of Pityrosporoum
ovale for head and neck dermatitis (HNAD) has been
considered. There are well-conducted studies showing
that addition of Fucidin (fusidic acid) to hydrocortisone
led to a significantly quicker remission of atopic eczema
during the initial 2 weeks of treatment,17 but other stud-
ies using a different antiseptic are not able to support this
finding.18,19 It is known that topical steroids themselves
will reduce the number of S. aureus on the skin, when the
eczema is cleared.20 However, addition of a soap with
1.5% triclocarban acting against S. aureus led to a sig-
nificant reduction in eczema activity.21 Addition of an
antifungal compound (ketoconazole) to hydrocortisone
cream could however not give a significant beneficial
effect in the treatment of HNAD in adults.22 Systemic
antibiotics over a 4-week period did not change the activ-
ity of atopic eczema.23 The Health Assessment Report
does therefore not at the moment recommend use of a
combinatory treatment with topical steroids and antimi-
crobials, neither topically nor systemically.13 However,
it is a fact that many of these products are used by doc-
tors. Recent observations from the UK could indicate
that using such products should be only initially to avoid
the risk of resistance development.24

DURATION OF TREATMENT
INCLUDING PROPHYLACTIC USE
OF TOPICAL STEROIDS

Topical steroids will within a treatment period of
4 weeks either completely clear or significantly reduce
the eczema activity.7,9 Many parents or patients there-
fore stop treatment as eczema has gone and they are
afraid of side effects. On continuing with emollients
one-third of patients can stay clear of eczema for up to
4 months,7 but the ‘prophylactic use’ of topical steroids
has now become established as an efficient and eco-
nomical way of keeping atopic eczema under con-
trol.7,25,26 There seem to be very few clinical side effects
from using potent topical steroid twice weekly except in
the face and genital regions, where hydrocortisone is
recommended. One study measured skin thickness
using ultrasound and observed that 10% of the patients
did develop some skin atrophy.9

SIDE EFFECTS INCLUDING CONTACT
ALLERGY

A list of potential side effects is shown below:

• Skin atrophy through atrophy of epidermis and
disruption of collagen and elastic fibres in dermis
leading to potential development of striae distensae
(Figure 15.3).

• Skin vessel fragility leading to teleangiectasia and
bleeding, especially seen in elderly patients, but
rarely in children (Figure 15.4).

• Systemic absorption with increase of plasma cortisol
and a potential risk of HPA disturbance; especially
seen during the initial days of eczema treatment
because of disrupted skin barrier.

• Inhibition of melanocyte activity, which in some
patients will lead to hypopigmentation.

• Iatrogenic dermatitis caused by excessive use of
topical steroid with a relatively too high ‘efficacy’
e.g. hypertrichosis, steroid acne, perioral dermatitis,
tinea incognito, pustular psoriasis.

The side effects can be evident within 1 week of
treatment as seen by diminished skin thickness on
ultrasound investigation. Side effects are much more
common among elderly patients. They rarely occur in
children with atopic eczema, when properly used.
The reason for side effects is that collagen synthesis is
inhibited27 with a diminished elasticity and increased
fragility of the various structures in the skin.

Adrenal function and plasma cortisol levels

All topical steroids are absorbed through the skin and
even treatment with hydrocortisone acetate in active
atopic eczema will lead to increased plasma cortisol
levels.5,6 However, it has been shown that the adrenal
function is normal after topical steroids.28–30 There was
no growth inhibition of children during a 2-week treat-
ment of children with a potent topical steroid; actually
the removal of eczema led to catch-up growth, i.e. a
significant increase of the growth rate in children after
controlling the eczema.31 Most children relapsed
within 2 weeks, indicating the need for long-term treat-
ment strategies.

Table 15.3 Recommended weekly cumulative use of steroid according to age

Age 3 months 6 months 12 months 2 years 3 years 5 years 7 years 10 years 12 years

Grams 28 33 42 47 56 70 86 100 100
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The use of topical steroids during pregnancy does
not bring risks for the child.32 This was concluded
as pregnant women on systemic steroids because of
asthma did not have increased risks regarding their
child.

Contact allergy to topical steroids

Contact allergy to topical steroids is by some investiga-
tors claimed to occur in up to 4% of all atopic eczema
patients.33 However, in Denmark the prevalence of
contact eczema is around 1%.34 Eczema not respond-
ing to topical steroids should be investigated for even-
tual steroid contact allergy. Reading of the tests should
include a 7-day reading.

USE OF SYSTEMIC STEROIDS

There is a surprising lack of use of systemic steroids in
atopic eczema.35 The reason are the side effects includ-
ing the possibility of osteoporosis. Some parents or
patients lack sufficient insight into their disease often
accompanied by a relative lack of compliance leading
to insufficient eczema control. If so, a low dose of sys-
temic steroids can be used for some months. Likewise,
an acute severe flare may be cured with a short-term
intensive systemic dose, e.g. 40 mg prednisolone for 1
week, and then a reduction over a couple of weeks.

THE FUTURE OF STEROIDS

Although the new calcineurin inhibitors are now avail-
able with their advantages of being effective, specific,
and without the side effects of steroids, there surely is a
future for topical steroids in atopic eczema. The
steroids are here to stay. The future will show how the
two different topical compounds are used. This author
recommends the use of steroids in the acute phase (see
Figure 15.2 a,b), but then switching to topical cal-
cineurin inhibitors for long-term control.
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Phototherapy of atopic dermatitis
Sonja A Grundmann and Stefan Beissert

INTRODUCTION

Phototherapy of atopic dermatitis (AD) has been
largely empirical since the beneficial effect of solar
exposure has been appreciated for decades. In the early
1920s it was recognized that sea climate can improve
AD and later it was appreciated that AD improved dur-
ing the summer season. In 1948 the beneficial effects of
phototherapy were studied in a systematic way by
exposing patients to radiation emitted from carbon arc
lamps. From the 1970s on, fluorescent lamps with
more or less precisely defined emission spectra were
applied, and these types of lamps are still in use. Within
recent years new modalities like UVA1 and narrow
band UVB were introduced. Although the basis of pho-
totherapy of AD is still empirical today, parts of the
new developments are already based on the advances in
photoimmunology and molecular biology.

UVB PHOTOTHERAPY

UVB therapy (290–320 nm) has a long tradition in
treating AD since UVB is the oldest phototherapeutic
regimen available. UVB phototherapy of atopic
patients actually started with the exposure of patients
to carbon arc lamps. Since the introduction of UVB flu-
orescent and mercury arc lamps, UVB was the thera-
peutic regimen of choice for quite a long time. 

The efficacy of UVB was documented in a variety of
studies.1–3 In one of the first studies 17 atopic patients
were irradiated on one half of the body with broad-
band UVB and on the other half with visible light.1 The
UVB exposure was performed with either 0.5 minimal
erythema dose (MED) or with 1.0 MED. Therapy over
8 weeks led in 13 patients to a complete healing of the
lesions compared to visible light exposed areas.1 The
same group also examined the therapeutic dose response
to UVB by irradiating one half of the body with 0.8

MED and one half with 0.4 MED UVB for 8 weeks in
a total of 24 patients.1 However, although both UVB
doses were found to be effective, no significant differ-
ences were found between the doses applied, arguing
for far erythemogenic doses being equally effective to
near erythemogenic doses.1

In another study 107 atopic patients were treated with
UVB once daily for 4–19 days. A beneficial effect was
observed in 93% of the cases and led to a reduction in
the need for topical corticosteroids which were allowed
during the study period.4 However, looking at the emis-
sion spectra of the irradiation device used by the authors
it must be stated that the Psorilux® 9050 lamp also emit-
ted to a certain extent in the UVA range. Therefore, it is
not clear whether this investigation should be allocated
to the pure UVB or to the UVA/B studies.

The most frequent indication for UVB therapy was
and still is psoriasis. Comparison of the therapeutic spec-
tra indicated the highest antipsoriatic efficacy in the
range of around 313 nm.5 This was confirmed by Parrish
et al, who demonstrated that 304 and 313 nm were opti-
mally effective even at suberythemogenic doses.6 To
optimally meet these requirements for antipsoriatic activ-
ity the Philips TL01 fluorescent lamp emitting narrow-
band UVB (311–313 nm) was introduced.7 Due to the
omission of the short wave part of the UVB range,
narrow-band UVB is much less erythemogenic. Whether
narrow-band UVB is less carcinogenic than broad-band
UVB is still a matter of debate,8 because data investigat-
ing the carcinogenic risks of narrow-band UVB and
broad-band UVB are limited in humans. In 2004 the first
retrospective study was published concerning the skin
cancer risk in 195 psoriasis patients treated with broad-
band or narrow-band UVB phototherapy. The main
endpoint was the development of skin tumours during
an observation period of 10 years. The 10-year observa-
tion period did not provide evidence for a significant
increased skin cancer risk in these patients. To differen-
tiate the risk of both phototherapies and to distinguish

16-Reitamo-8037.qxd  2/22/2008  3:30 PM  Page 187



188 TEXTBOOK OF ATOPIC DERMATITIS

the overall risk, prospective longitudinal studies with
prolonged follow-up periods are required.9 No increased
incidence of squamous cell carcinoma or melanoma was
obtained from the data of 1908 patients with a median
number of 23 treatments and a median follow-up dura-
tion of 4 (0.04–13) years, though the risk of basal cell
carcinoma was increased twofold. However, to deter-
mine the true carcinogenic risk, longer follow-up is
essential as well.10

A recently published study estimates that based on the
human carcinogenesis action spectrum, the risk of
narrow-band UVB lamps is 50% more carcinogenic for
equal erythemal doses than selected broad-band lamps.
Epidemiologic evidence of this provoking theory is still
pending.11 In line with this hypothesis is the finding that
narrow-band UVB irradiation produced more malignant
skin tumours in Ogg1 knockout mice compared to
controls.12

Nevertheless, narrow-band UVB has turned out to be
more effective in treating psoriasis and fewer treatments
are needed to achieve remission. Hence, one can antici-
pate that because of the fewer exposures necessary the
risk may be lower. Because of its superiority, narrow-
band UVB has almost entirely replaced broad-band
UVB. Consequently, narrow-band UVB has been also
tried in a variety of other indications including AD.13–18

Patients sometimes complain about the worsening of
itch and sweating during phototherapy, which espe-
cially occurred during UVA/UVA1 application.
Therefore, in an open study, 21 severely affected AD
patients were treated with air-conditioned narrow-
band UVB phototherapy 3 times weekly for 12 weeks.
This treatment regimen resulted in a 68% reduction in
AD severity scores and a concomitant 88% reduction
in topical corticosteriod use.13 After a follow-up period
of 6 months, 6 patients had relapsed and the remaining
15 continued to derive long-term benefit.8 These data
clearly demonstrate the effectiveness of narrow-band
UVB for treatment of AD and furthermore show that
long-term benefit can be achieved by phototherapy.
The efficacy of narrow-band UVB for atopic eczema
therapy has been confirmed by others. In this report
UVB 311 nm notably reduced AD after 3 weeks of irra-
diation.18 During this time a cumulative dose of 9 J/cm2

was delivered. The therapeutic efficacy of narrow-band
UVB has also been evaluated in children. The response
was good to excellent in 80% of the 40 children (mean
age 11 years). The most frequent adverse effects
reported were facial and truncal erythema as well as
xerosis.16,17 A recent study from Jury et al observed 25
children with AD who were treated with narrow-band
UVB. It was reported that 68% of children achieved
minimal residual diseases after treatment. However,
the report did not comment on the eczema severity,
length of remission, or whether topical treatment was

continued during treatment with narrow-band UVB.19

A 6-year (1999–2005) retrospective study of 50
patients represents the largest study of narrow-band
UVB phototherapy for children with AD. In 40% of
these patients with severe enzema, clearance or mini-
mal residual activity was achieved with narrow-band
UVB, and the median length of remission was 3
months.20 Because these patients were permitted to use
topical steroids during phototherapy it is, however, dif-
ficult to draw any conclusions on the actual therapeu-
tic efficacy of narrow-band UVB alone. These findings
show that UVB 311 nm can be successfully used for the
phototherapy of children with AD. Nevertheless, based
on the potential long-term adverse events it should be
not regarded as a first-line treatment.21

Since different forms of phototherapy have been
reported to be of therapeutic benefit for atopic
patients it is important to compare their efficacy. To
this end, narrow-band UVB was applied on one half of
the body and compared to 8-methoxypsoralen bath-
PUVA [psoralen plus UVA (PUVA)] on the other half
in 12 patients with severe AD. Treatment was per-
formed 3 times weekly for 6 weeks. After cessation of
phototherapy, a decrease in the mean baseline Scoring
Atopic Dermatitis (SCORAD) score by 66% by bath
PUVA and by 64% by UVB 311 nm treatment was
observed.13 No severe adverse effects were reported to
either of the two forms of phototherapy. Hence, both
regimens appear to be equally effective for the therapy
of AD. In a more recent randomized controlled trial,
narrow-band UVB, broad-band UVA, and visible light
phototherapy were compared for treating AD.
Irradiation was performed with narrow-band UVB in
26 patients, 24 received UVA, and 23 visible light
twice weekly for 12 weeks.15 Narrow-band UVB was
very effective in moderate-to-severe adult AD.15

Furthermore, the data failed to support the benefit of
broad-band UVA phototherapy for AD since only
moderate effects were noted. Remission was main-
tained in the narrow-band UVB-treated group over a
follow-up period of 3 months. However, this investi-
gation failed to demonstrate a significant topical corti-
costeroid-sparing effect by either irradiation regimens
as has been reported before.13 Combination of
narrow-band UVB phototherapy with cyclosporin A
has been reported to be effective in the treatment of
AD. Patients with severe AD were treated with oral
short-term cyclosporin A for 4 weeks. Subsequently,
cyclosporin A was washed out for 4–6 weeks followed
by narrow-band UVB phototherapy applied 3 times a
week for up to 2 months. This regimen resulted in
good clinical response. However, the study did not
investigate long-term effects of this protocol, and this
combination has to be viewed very critically, especially
regarding its carcinogenic potential.22
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A more recent investigation conducted by Legat et al
confirmed the advantages of narrow-band UVB for
treating chronic AD. This relatively small trial com-
pared narrow-band UVB to medium-dose UVA1 via
half-side comparison in 9 patients with chronic AD.
Treatment with narrow-band UVB reduced the clinical
severity score (Costa score) by 40% while treatment
with UVA1 did not achieve any statistically significant
disease reduction. Furthermore, patients reported
notably more improvement in disease severity with nar-
row-band UVB and a better reduction of pruritus.23 A
recent systemic review concluded that in view of its effi-
cacy, benefit–risk profile and costs, narrow-band UVB
should be considered as the first-line phototherapeutic
option for moderately severe AD.24 Clearly, more clini-
cal trials are needed to investigate important issues such
as carcinogenity and effectiveness in skin diseases other
than psoriasis. Taken together, narrow-band UVB is a
very effective treatment alternative for atopic patients,
which will lead to reduction in disease activity, extent of
disease, and pruritus.

While the role of long-term PUVA treatment in the
induction of skin tumours is undisputed, in humans the
role of UVB phototherapy in skin carcinogenesis is less
clear. Macve et al observed in a murine study that
tumour outgrowth is enhanced by broad-band UVB but
not by narrow-band UVB and UVA1.25 In another
study performed in mutant mice, UVB but not UVA was
observed to be responsible for the induction of mam-
malian cutaneous malignant melanoma.26 The long-
term skin cancer risk of narrow-band UVB is thought to
be less than that of PUVA photochemotherapy.27

However, no data are at present available to quantify
the long-term risk of developing skin cancer in children
undergoing narrow-band UVB. The mechanisms under-
lying the beneficial therapeutic effects of UVB are still
not entirely clear. For a long time it was believed that
UVB can only act in the epidermis due to its lower pen-
etration in comparison to UVA. However, there is
recent evidence that UVB can also reach the upper parts
of the dermis. UVB is known to induce apoptosis via
induction of nuclear DNA damage but also via direct
activation of death receptors.28 Accordingly, it was
shown that the therapeutic effect of narrow-band UVB
is associated with the induction of apoptosis of T lym-
phocytes in the psoriatic lesions.29 Although not exper-
imentally proven, the same effect may apply for AD. In
addition, UVB causes immunosuppression by inhibit-
ing antigen presentation and inducing the release of
immunosuppressive cytokines, such as interleukin (IL)-
10. UVB preferentially inhibits Th1 immune responses
and is even able to skew immune reactions towards
a Th2 type. At first glance, this would argue against
a beneficial effect of UVB in AD, since atopy in general
is regarded as a Th2-driven disease. This, however,

may only apply for the early stage of AD, if at all, while
in the chronic stage there is a shift towards a Th1
reaction with high levels of interferon-gamma which
also explains why chronic AD resembles much more
a delayed-type hypersensitivity response. In this case, the
immunosuppressive properties of UVB should be of ben-
efit. This may also explain why chronic atopic lesions
usually respond better to UVB than acute lesions.

Additionally, narrow-band UVB has a significant influ-
ence on antimicrobial peptides, bacterial colonization of
the skin surface, and bacterial superantigenes. The skin of
patients with AD expresses altered levels of antimicrobial
peptides, like hBD1 (human beta defensin 1) or catheli-
cidines like LL-37, compared with healthy or psoriatic
skin. The observed altered expression of these factors
might be caused by the need to deal with a modified bac-
terial skin flora. This pathological antimicrobial response
could explain the disposition for bacterial infections in
atopic skin. Phototherapy can significantly alter the
mRNA levels of antimicrobial peptides in atopic
eczema.30 Furthermore, the narrow-band UVB therapy
reduces skin surface bacteria and their superantigen pro-
duction. Both factors have been shown to trigger AD dis-
ease activity.31

UVA/B PHOTOTHERAPY

Combination phototherapy consisting of UVA and
UVB irradiations has quite a long tradition in the pho-
totherapy of atopic eczema.3,32,33 UVA/B therapy can
be applied by using lamps, the emission spectrum of
which includes both ranges (e.g. Metec Helarium), or
by combining the exposure to UVA and UVB lamps.
The latter can be done depending on the technical
equipment in a simultaneous or a subsequent manner.
UVA/B therapy was preferentially used since compari-
son studies revealed UVA/B superior to conventional
broad-band UVB for AD.32 In this study irradiation
was given 5 times per week. The average number of
treatments was 18 in the UVA/B and 20 in the UVB
group. Altogether 48% complete remission was achieved
in 23 patients with UVA/B phototherapy compared to
complete remission in only 27% of the 33 patients
treated with UVB. These results were confirmed by a
later report by Jekler et al.3 Thirty patients with AD
underwent phototherapy with a combination of UVA
and UVB on one side of the body and UVB on the
other. Irradiation was performed 3 times per week for
a total of 8 weeks. In this clinical evaluation significant
differences in favour of UVA/B treatment were
reported for overall scores as well as for the pruritus
score.3 However, when the effect of the two therapies
on the extent of the dermatitis was compared, no statis-
tically significant differences were noted. 
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A disadvantage of the lamps, which emit both UVA
and UVB, is dosimetry since it is impossible to dose
UVA and UVB separately. In devices which are
equipped with UVA and UVB lamps, both spectra can
be dosed individually. UVA/B therapy was preferen-
tially used in former times because it turned out to be
superior to broad-band UVB. Since the introduction of
narrow-band UVB and UVA1, UVA/B therapy has lost
some of its importance but is still in use. A combination
of narrow-band UVB and UVA for AD in children
resulted in a more or equal than 90% reduction of the
SCORAD index in 45.5% and a 70–90% reduction in
another 22.7% of patients.34 A recent inverstigation of
adult patients with AD demonstrated that continuing
topical therapy with corticosteroids during UVA/UVB
treatment resulted in significant clinical improvement.
In addition, topical corticosteroids reduced the total
UVB dose and duration of treatment without any over-
all difference on remission or the frequency of side
effects compared with UVA/UVB monotherapy.35

UVA(1) PHOTOTHERAPY

In contrast to the very frequently used combination of
UVA and UVB, pure UVA therapy is applied rather
rarely. This may be due to the fact that the conventional
UVA fluorescent bulbs have only a limited output and
thus require extremely long, almost intolerable, expo-
sure times to achieve biologically effective doses. UVA
therapy got a new input by the introduction of the
UVA1 devices. UVA1 comprises the long wavelength
range from 340 to 400 nm.36–41 The rationale for using
UVA1 was the assumption of reducing the adverse
effects by omitting the UVA2 part  (320–340 nm),
which is closely related to the UVB range. The major
advantage of the UVA1 devices, however, was the
capacity to emit rather high doses in a reasonable
amount of time. Initially, these high-power UVA1
lamps were primarily used to perform photoprovoca-
tions in patients suffering from polymorphic light
eruption and lupus erythematosus.

Since with these devices high doses of UVA1 could be
applied without inducing sunburn reaction, these
lamps were also used for therapeutic purposes. UVA1
has been reported to be beneficial for patients with
acute atopic eczema.36,37 In addition, UVA1 penetrates
deeper into the skin than UVB and UVA2; therefore
higher doses should reach the dermis and the deeper
blood vessel plexus and cause biological effects.42,43

In the first pilot study to assess the effectiveness of
UVA1 irradiation for the treatment of AD a single dose
of 130 J/cm2 UVA1 was given for 15 consecutive days.37

This treatment regimen was compared to UVA/B irra-
diation (starting doses 30 mJ/cm2 UVB and 7 J/cm2

UVA, respectively). UVA1 irradiation was significantly
more effective in reducing the clinical scores compared
to UVA/B therapy. The clinical effectiveness of UVA1
was paralleled by the down-regulation of eosinophilic
cationic protein levels, which were markedly reduced
after UVA1, but not UVA/B application.44 It was quite
surprising and unexpected that all patients responded
completely to UVA1 therapy and that a beneficial effect
was already observed after only 6 exposures.36 These
remarkable observations resulted in the prediction that
UVA1 high-dose therapy may be the treatment of
choice for AD for the future and will open the corticos-
teroid-free era of AD.

Unfortunately, it took several years until a follow up
study was performed, which included more patients
and was performed in a multicentre setting.45 This
study compared UVA1 high-dose therapy with topical
corticosteroids and UVA/B therapy. The study revealed
that the UVA1 regimen was superior in comparison to
the other two arms. However, it could not be repro-
duced that all patients responded and that only a few
exposures were needed for clearance.41,45 Thus one can
conclude that UVA1 high-dose therapy is a valuable
therapeutic option for the treatment of acute severe AD
but is by far not the gold standard as it was advertised
based on the initial pilot study. 

The disadvantage of the high-power UVA1 devices is
the development of heat when applying such high doses,
since many atopic patients do not tolerate such tempera-
tures. This was the rationale for the development of
UVA1 lamps filtering the infrared part which is responsi-
ble for most of the heat. Hence, this spectrum was termed
UVA1 cold light. The efficacy of this regimen was shown
in a variety of studies. In the study by von Kobyletzki et
al 50 patients with atopic eczema were treated for 15
days with 50 J/cm2/day. During treatment SCORAD
score and plasma levels of soluble IL-2 as well as IL-4
receptors were measured. It was found that medium
UVA1 cold light irradiation induced a significant reduc-
tion of the SCORAD score and cytokine receptor levels
after termination of therapy.38 In the investigation pub-
lished by Abeck et al 32 atopic patients were treated in
the same fashion as described above with medium-dose
UVA1 irradiation.39 Medium-dose UVA1 also induced in
these patients a significant lowering of the SCORAD
score. This therapeutic effect was still present after a 1-
month follow-up. However, after a 3-month follow-up
period signs of recurrence of symptoms could be noted.39

The different regimens gave rise to quite controversial
opinions about the optimal dose. This discussion was
also driven by concerns about the safety of such
extremely high doses and by the fact that a medium-
dose UVA1 regimen was also shown to be of therapeu-
tic benefit.38,39 Subsequently, a comparative analysis of
high-dose versus medium-dose UVA1 irradiation for the
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treatment of atopic eczema was initiated by several
institutions. In the study by Tzaneva et al 10 atopic
patients were treated on one half of the body with
130 J/cm2 and on the other half with 65 J/cm2 UVA1
each day for 15 days. High-dose UVA1 irradiation led
to a 35%, and medium-dose UVA1 to a 28% decrease
in the SCORAD score.40 In another investigation 34
atopic patients were randomized to receive either low-
dose (20 J/cm2), medium-dose (65 J/cm2) or high-dose
(130 J/cm2) UVA1 treatment once per day for 15 days.41

It was found that the medium-dose and high-dose treat-
ment regimens were significantly superior compared to
the low-dose UVA1-treated group of patients. However,
there were no significant beneficial differences between
the high-dose and the medium-dose groups with the
exception that the tolerability was higher in the
medium-dose group. Together, these study results sup-
port the concept that medium-dose UVA1 is compara-
tively as effective as exposure to high doses of UVA1 for
the treatment of patients with severe generalized AD.
Polderman et al compared in an open prospective study
the effect retrospectively of 4-week UVA1 phototherapy
to the effect of 3-week treatment in 61 patients who
had AD. In that report a medium-dose UVA1 cold light
irradiation device was used (45 J/cm2 5 times weekly).
Patients who were treated for 4 weeks showed pro-
longed therapeutical effects concerning disease activity
and quality of life.46

Although urgently needed, no randomized study exists
which compares the efficacy and safety of the different
UVA1 regimens in a sufficiently large number of patients.
Accordingly, no state-of-the-art regimen could be designed
relating to the optimal dose and the duration and fre-
quency of the treatment. As long as no data concerning
the long-term safety in particular of the high-dose therapy
are available, preference should be given to the medium-
dose regimen. 

Localized defined areas of AD can also be treated with
partial body UVA1 phototherapy. This has been success-
fully applied in particular for the treatment of
dyshidrotic eczema of the palms and soles. Medium-dose
UVA1 phototherapy induced healing of the lesions in 10
out of 12 patients after 15 irradiation cycles.47 No
relapse was noted during a follow-up period for 3
months. Therefore, local UVA1 treatment appears to be
an alternative option for the treatment of chronic der-
matitis; however, comparative studies against other
forms of phototherapy including photochemotherapy
are not available.48

The major mechanism of action of UVA1 appears to
be the induction of apoptosis of T lymphocytes.
In-vitro studies have demonstrated that UVA1 irradia-
tion is able to induce apoptosis in T-helper cells
obtained from AD patients.43 UVA1-induced pro-
grammed cell death was mediated via singlet oxygen,

since electron quenchers (sodium azide) protected
T cells from apoptosis. In turn, deuterium oxide, which
induces singlet oxygen, induced T-cell death.43 This
effect appears to be mediated via upregulation of the
death ligand CD95L, which subsequently triggers its
cognate death receptor CD95 and ultimately initiates
the apoptosis programme. The therapeutic effect of
UVA1 is attributed to this phenomenon since CD4+ T
cells are found in atopic lesions and these T cells
undergo apoptosis upon UVA1 exposure, as demon-
strated in-situ.43 The appearance of apoptotic T cells
was followed by their depletion from cutaneous
lesions, a reduction in the in-situ expression of IFN-
gamma by T cells and clearing of the atopic inflammation.
Breuckmann et al demonstrated by immunohistological
analysis of irradiated atopic skin that UVA1 is also able
to modulate the balance between the antiapoptotic
integral membrane protein bcl-2 and the p53 protein as
potent regulators of T-cell apoptosis.49,50

Taken together, UVA1 irradiation acts symptomati-
cally by elimination of the inflammatory lymphocytic
infiltrate via induction of apoptosis in these cells. Due
to the fact that UVA1 induces apoptosis in T lympho-
cytes so effectively, this regimen is currently used in an
experimental fashion for the treatment of cutaneous
T-cell lymphoma.51

PHOTOCHEMOTHERAPY

Photochemotherapy combines the application of
psoralens with UVA irradiation (PUVA).52 Mostly
8-methoxypsoralen is used; in some countries (Austria,
France) 5-methoxypsoralen is available. Psoralens can be
given orally (systemic PUVA) or applied topically. There
are two types of topical application, either by bath (bath
PUVA) or by cream (cream PUVA). Systemic PUVA has
been used successfully for the management of severe
atopic eczema.53–59 Although improvement was observed
in the majority of the treated patients, relatively large
numbers of exposures had to be given. In addition, sev-
eral patients who did not continue topical application of
corticosteroids developed a rebound after the end of the
PUVA therapy. This resulted in the introduction of main-
tenance treatment which, however, is not ideal because of
the long-term adverse effects of chronic PUVA therapy.
Since systemic PUVA has been used in dermatology for
over 30 years, long-term safety data are now available.
Long-term systemic PUVA is certainly associated with the
increased risk of developing skin malignancies.60–62 Thus,
a cohort study has shown that substantial exposure to
PUVA therapy dramatically increases the risk of non-
melanoma skin cancer. After 25 years, more than half of
the patients with more than 400 treatments developed
at least one squamous cell carcinoma. Almost one third
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of the patients exposed to more than 200 treatments
developed at least one basal cell carcinoma.60

PUVA therapy is also known to increase the risk of
malignant melanoma, particularly in long-term therapy
(> 250 treatments).63–65 On the other hand, the risk of
melanoma, squamous cell carcinoma, and to a lesser
extent basal cell carcinoma in PUVA must be weighed
against the potency of other therapies. Early detection
through careful long-term follow-up of patients
exposed to repeated PUVA is essential in reducing the
long-term morbidity and mortality associated with this
therapy. Taken together, performance of long-term
PUVA of atopic patients is strongly discouraged.

Acute side effects of systemic PUVA include nausea
and vomiting, although this problem is much less
common when applying 5-methoxypsoralen instead
of 8-methoxypsoralen; theoretically, 5-methoxypso-
ralen should be given priority over 8-methoxypsoralen.
Unfortunatley, 5-methoxypsoralen is not approved in
most countries. Other disadvantages of systemic PUVA
are the relatively long photosensitivity since psoralens
are eliminated not before 8 hours after ingestion, and
by the necessity of eye protection by UVA-opaque on
the days of psoralen ingestion.

These actions are not required when applying pso-
ralens topically.58,66 For bath PUVA, patients are
bathing in warm water that contains approximately
0.5–1.0 mg psoralen per litre for 20–30 minutes. UVA
exposure has to be performed immediately after
bathing. An alternative is the topical application of a
psoralen cream (cream PUVA). Usually a water-in-oil
ointment containing 0.0006% 8-methoxypsoralen is
applied to a defined area of lesional skin 1 hour
before irradiation. Cream PUVA has been shown to
be very effective in treating patients with chronic
hand and foot dermatitis.66 Since many atopic
patients suffer from dyshidrotic eczema, cream PUVA
represents a favourite therapeutic option for these
patients. In 70% of the treated patients complete
remission has been reported by using cream PUVA. A
study comparing cream PUVA with bath PUVA in
chronic dermatitis revealed cream PUVA to be supe-
rior to the bath route in clearing the lesions.58 The
‘PUVA cream’ may additionally moisturize the skin,
an effect which may contribute to the beneficial effect.
Furthermore, cream PUVA is easier to handle and
thus cheaper. 

The mechanisms underlying the therapeutic effects of
PUVA are much less understood compared to UVA or
UVB treatment. Since PUVA is most effective in psoria-
sis, which is a hyperproliferative skin disease, it is
believed that UVA-induced DNA-psoralen pho-
toadducts inhibit cell proliferation, leading to inhibition

of cell activation and effector function(s).67 In fact,
inhibition of cell proliferation is observed at psoralen
concentrations and UVA doses, respectively, which do
not affect cell viability.68 However, higher doses cause
irreversible cell damage, resulting in both apoptosis and
necrosis.68,69 Induction of cell death of lymphocytes by
PUVA may be responsible for the anti-inflammatory
effects of PUVA and for the beneficial therapeutic
effects of PUVA on lymphoproliferative diseases, like
cutaneous T-cell lymphoma. Therefore, the rationale of
PUVA is to induce remissions of skin diseases by
repeated, controlled phototoxic reactions. All theoreti-
cal and practical aspects taken together, PUVA will be
reserved only for very severe and resistant atopic
patients; in most cases, preference will be given to other
phototherapeutic regimens. 

EXTRACORPOREAL PHOTOPHERESIS

During extracorporeal photopheresis peripheral blood
mononuclear cells are obtained from patients and
exposed to UVA in the presence of psoralens
(8-methoxypsoralen) in an extracorporeal irradiation
device.70 Instead of adding the photosensitizer to the
blood, 8-methoxypsoralen may be ingested orally by
the patient before treatment. Subsequently, the autolo-
gous blood components are reinfused. Extracorporeal
photopheresis was initially developed for the treatment
of cutaneous T-cell lymphoma, in particular Sézary
syndrome. However, it turned out that photopheresis is
also effective in (auto)immune mediated diseases, like
pemphigus, organ transplant rejection, and graft-ver-
sus-host disease.71–74 Accordingly, some immunosup-
pressive/modulatory capacity is attributed to this kind
of therapy. Therefore, photopheresis was applied
experimentally in selected patients with AD that was
refractory to conventional therapy. Based on these case
reports, the first small trials were conducted and extra-
corporeal photopheresis turned out to be effective in
this indication and in these cases, respectively.75 This
treatment was performed at 4-week intervals and led to
the induction of clinical improvement and a reduction
of serum IgE levels. However, extracorporeal photo-
pheresis was combined with topical corticosteroids,
because by itself this phototherapy regimen was unable
to control disease activity. In another report extracor-
poreal photopheresis was given at 2-week intervals,
which led to significant improvement of the lesions.76

During the treatment-free interval dermatitis began to
wax; however, after continuation of extracorporeal
photopheresis at 2-week intervals, a decrease in the
overall skin score as well as serum ECP (eosinophilic
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cationic protein) concentrations could be noted. To this
end, Radenhausen et al observed in an open clinical
trial that, after short-term extracorporeal photephore-
sis, AD responds with a downregulation of several key
inflammatory mediators (ECP, sE-selectin, sIL-2R)
accompanying the improved skin conditions. High lev-
els of total IgE turned out to be a predictor of negative
outcome in extracorporeal photopheresis treatment.77

Extracorporeal photopheresis can have a significant
therapeutic effect on the quality of life improvement in
patients who are refractory to conventional forms of
therapy.78

In summary, these findings suggest that extracorpo-
real photopheresis is effective in the treatment of AD in
selected patients with severe disease, refractory to con-
ventional therapies. However, extracorporeal photo-
pheresis is expensive and time-consuming and controlled
randomized studies with sufficient numbers of patients
are still not available. The best efficacy data were
derived from the few prospective case studies presented
here. Hence, this therapy will be reserved for special
atopic cases only.

PERSPECTIVES

Phototherapy is still one of the major therapeutic
options for the treatment of AD and this will certainly
also apply for the future. New developments, like UV-
free phototherapy including infrared irradiation
devices, might broaden the indication for phototherapy
in inflammatory skin diseases. However, much more
research is needed to confirm any efficacy regarding
many of the potential indications and in determining
when and how this upcoming therapeutic regimen
should be used. While the development of photothera-
peutic regimens was mostly empirical in the past, recent
developments are based on the increase of our knowl-
edge in the pathogenesis of AD as well as in the molec-
ular mechanisms mediating the biological effects of UV
radiation.79–81 Despite these advances, one has to
admit that, compared for example to psoriasis, AD
responds less reliably to phototherapy in general. There
are still a reasonable number of patients who do not
respond or even get worse under phototherapy,
although they suffer from the same diseases as their fel-
low patients. This may be due to the fact that AD is a
highly complex disease in which numerous factors
determine the clinical outcome and the therapeutic
response. Therefore it will be of primary importance
for the future to identify criteria and parameters,
respectively, which will determine whether the patients
will respond to phototherapy and in particular to

which type of treatment. This will ultimately lead to an
individually customized phototherapeutic regimen for
each patient. 
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Antihistamines in atopic dermatitis
Marcus Maurer, Margitta Worm, and Torsten Zuberbier

INTRODUCTION

Pruritus (itching) is one of the most prominent and
distressing features of atopic dermatitis (AD). Patient
scratching adds to the epidermal damage, thereby
increasing transepidermal water loss and drying, possi-
bly leading to secondary infection and inflammation.
This in turn results in more itching and more scratch-
ing. Antihistamines have traditionally been part of the
standard therapy regimen for AD, but a clear under-
standing of their differences, their effects, and their pre-
cise indications is essential if any benefits are actually
to be gained from their use.

The role of antihistamines in AD is adjunctive. The
primary therapy relies on reducing inflammation with
topical corticosteroids and/or calcineurin inhibitors, as
well as reducing skin dryness with emollients, as pre-
sented in previous chapters of this book. It has often
been erroneously assumed that antihistamines possess
general antipruritic effects and therefore that almost
any antihistamine should be helpful in alleviating the
vicious itch-scratch cycle of AD. Although histamine
does appear to play a major role in AD pruritus, clini-
cal studies do not support prescribing antihistamines in
a generalized indiscriminate pattern. Antihistamines
have a variety of pharmacokinetic profiles and proper-
ties, which are differentially suited to subpopulations
of AD patients with varying clinical presentations.
Used under the right indications, specific antihista-
mines can benefit certain AD patients.

This chapter will begin with an overview of the
biology of histamine receptors and the effects they
mediate. Next it will present the antihistamines which
are most often used for AD. Then this chapter will
review the findings of clinical studies on the efficacy of
antihistamines for AD patients. Finally it will present
differential indications for the selection of appropriate
antihistamines for AD patients.

BIOLOGY OF HISTAMINE RECEPTORS

Histamine

Histamine is a naturally occurring, low-molecular-weight
amine, synthesized from L-histidine by the enzyme histi-
dine decarboxylase. It is expressed throughout the body
and has many important roles in human health.1

Histamine is the ‘quintessential mediator’ of early cuta-
neous inflammation.2 In the skin, it is released almost
exclusively from mast cells. It induces cutaneous vasodi-
lation, oedema, and pruritus.3

General overview of histamine receptors

Histamine generates its effects by binding to receptors
in the tissues. There are 4 known subtypes of histamine
receptors, which have different expression patterns, sig-
nalling mechanisms, and functions. They have all been
cloned and characterized.1,4,5 All histamine receptors
are transmembrane molecules that transduce extracellu-
lar signals via coupled G-protein receptors to intracellu-
lar messenger systems. Histamine receptors exist in a
state of equilibrium between activated and inactivated
forms.4 They can be tipped in either direction by sub-
stances binding to them.6 Several isoforms exist for each
receptor subtype, but their functional differences are
largely unknown.1,4,5 The H1 and H2 receptor subtypes
are more common, and much more is known about
them than the H3 and H4 subtypes. Histamine-mediated
dermatological effects occur mainly through the H1
receptor.3 Furthermore, all available antihistamines
used for AD target H1 receptors.

H1 receptors

The H1 receptor is widely expressed in nerve cells, airway
and vascular smooth muscles, hepatocytes, endothelial
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cells, epithelial cells, neutrophils, eosinophils, monocytes,
T cells, and B cells.4 Via the coupled Gq/11 protein, it
modulates intracellular signals of Ca2+, cGMP, phospho-
lipase D, phospholipase A2, and NFκB.4 Figure 17.1
presents the known intracellular signalling cascades
resulting from stimulation of an H1 histamine receptor.
Binding of histamine to H1 receptors mediates a wide
range of general effects, including vasodilation, vascular
permeability, pain, hypotension, flushing, headache,
tachycardia, bronchoconstriction, stimulation of cough
receptors, and pruritus.4 H1 receptors also have several

roles in allergic and immune reactions, including increas-
ing the release of histamine and other mediators, increas-
ing the expression of cellular adhesion molecules,
promoting chemotaxis of eosinophils and neutrophils,
increasing antigen-presenting cell capacity and cellular
immunity and autoimmunity, and decreasing humoral
immunity and IgE production.4 Binding of histamine to
H1 receptors has a proinflammatory effect.1 It is not yet
known though which of these H1-receptor-mediated
effects may play a role in AD generally and its pruritus
specifically.
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Figure 17.1 Intracellular signalling cascades resulting from stimulation of the H1 histamine receptor. Top: The
H1 receptor is a transmembrane protein, with a constitutive activity in its natural equilibrium state. The binding of
histamine (or other agonists) favours the receptor’s active conformation, whereas the binding of antihistamines
(inverse agonists) favours the receptor’s inactive conformation. The H1 receptor is coupled to a G-protein, Gq/11,
which has three subunits (α, β, γ). Conformation changes in the H1 receptor activate and deactivate the coupled
G protein. The figure shows 3 of the better-known signalling cascades. Right: histamine activates phospholipase C,
which leads to increased production of kinases and enzymes involved in cellular reactions. It also leads via
increased Ca2+ to an increase of cGMP, which is considered to play a role in the pathogenesis of AD, perhaps
through cellular proliferation, chemotaxis, and/or immune modulation. Left: histamine activates phospholipase A2,
which leads to inflammation. Centre: directly and/or via phospholipase D, the H1 receptor regulates NFκB, which
then serves as a transcription factor for inflammation. Further effects of histamine on intracellular processes are
still being actively investigated, and not all pathways are completely understood.
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H2, H3, and H4 receptors

There are 3 other histamine receptors, but they do not
currently play any practical role in the treatment of
AD. The H2 receptor has a similar expression pattern
as the H1 receptor. Histamine effects on the H2 recep-
tor are limited mainly to inhibiting typical cell func-
tioning, mainly by cAMP formation.4 The binding
affinity for histamine to H3 and H4 receptors is 3 orders
of magnitude lower than to H1 and H2 receptors.4

There is little to no evidence that H3 receptors exist in
the skin,7 and they are not widely expressed elsewhere.
Currently there are no clinically available H3 antihista-
mines,4 and the couple of substances being researched
are aimed at disorders involving the central nervous
system (CNS), not dermatological problems.5 The H4
receptor is rather homologous to the H3 receptor5 but
has a quite different expression pattern and set of func-
tions.4 There are initial results to indicate that the H4
receptor is involved in histamine-induced itch and that
novel H4-receptor inverse agonists might potentially
have some positive effects on pruritus that does not
respond to H1-receptor inverse agonists, as is often the
case in AD.5

The role of histamine in atopic dermatitis

The underlying pathogenesis of AD is not entirely
understood, and it is not clearly established whether
histamine plays a significant role in the pruritus of
AD.7,8 Earlier studies did find elevated levels of hista-
mine and dermal mast cells in AD patients,7,8 so it was
suggested that AD pruritus was at least partially due to
histamine. More recent evidence has not supported the
role of histamine in AD.9 Other possible mediators of
AD itch include neuropeptides such as substance P or
certain cytokines.8 Some authors have speculated that
pruritus in AD may be due more to central rather than
peripheral histamine receptors.7,8 Stimulation of the H1
receptor also leads to increased levels of Ca2+, cGMP,
NFκB, kinases, and enzymes, among other substances,
so histamine may play a variety of other roles in AD,
such as promoting inflammation.4

The role of histamine in AD is not clearly established
but it probably contributes to the itching that charac-
terizes this disorder7 and it clearly contributes to the
urticarial dermographism which is often found in AD
patients. Itching is transmitted by distinct C-type nerves,
and histamine causes long-lasting stimulation of these
C-type nerves, leading to the perception of itching and
the motor need to scratch.3 Scratching aggravates the
skin, leading to a vicious cycle of itching and scratch-
ing.8,10,11 Treating AD centrally requires relieving pruri-
tus, and antihistamines have traditionally been one route
to pursue this goal.

PHARMACOLOGY OF COMMON
ANTIHISTAMINES

Overview

Antihistamines have been widely used for several
decades and new ones are continually being researched
and developed. All available antihistamines are prop-
erly considered ‘inverse agonists’, meaning that instead
of blocking the binding site for receptor activation (as
with classical antagonists), their binding stabilizes the
receptor in the inactive form, thus reducing the moder-
ate histamine receptor signalling that occurs in the
absence of bound substances, or counterbalancing the
stimulatory effect of bound histamine.1,4,7 Effectively
all antihistamines for AD are H1-receptor inverse ago-
nists, and there are over 40 of them available.4 There
are only four available H2 inverse agonists,4 and they
are almost never discussed in the literature on AD,
probably mainly because the affinity of histamine itself
for H2 receptors is 10 times lower than for H1 recep-
tors.3 Two small trials have tested the H2 antihistamine
cimetidine, alone or in combination with H1 antihista-
mines, yet they found no significant effects. There are
presently no clinically available H3 or H4 antihista-
mines,4 though initial research on H4 antihistamines is
hopeful for AD.5,12

H1 antihistamines are classified as either ‘first genera-
tion’ or ‘second generation’. The generally repeated criteria
for considering an antihistamine ‘second generation’ are:

1. It became commercially available after 1980
2. It has a high specificity for the H1 receptor
3. It has a poor ability to penetrate the CNS, and

most characteristically
4. It is non-sedative, though some second-generation

antihistamines are sedatives, especially at higher
doses.1,3,8,13

Although there has sometimes been talk of ‘third-
generation’ antihistamines,8 this term is now not consid-
ered appropriate for any currently existing substance.1,14

In this section we present information on the antihista-
mines which are most commonly discussed in the litera-
ture on AD. Table 17.1 presents the pharmacokinetic
properties of some common antihistamines.

First-generation antihistamines

First-generation antihistamines are the original antihis-
tamines and they have been used for several decades in
dermatology. They bind effectively to H1 receptors but
may also block other neurotransmitters.3 Also, due to
their low molecular weight and lipophilicity, they are
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able to penetrate the blood-brain barrier.1 Thus first-
generation antihistamines often present a range of
side–effects, most notably sedation. The term ‘sedation’
is used to describe various clinical phenomena, ranging
from impaired daytime cognitive and motor perform-
ance, through feelings of drowsiness and promotion
of sleep, to ‘hangover’ states and reduced morning
alertness. Although first-generation antihistamines
have been widely used for decades, most of them have
never been rigorously evaluated and regulated for
their safety.1

Diphenhydramine was the first antihistamine ever
used, in 1947.7 Whereas most modern antihistamines
have a 24 h duration of action, which enables once
daily dosing,1 diphenhydramine only has 12 h action. It
has been reported that diphenhydramine impairs driving
performance more than alcohol1,15 Diphenhydramine
has been shown to be ineffective for AD as compared to
hydroxyzine.8

Chlorpheniramine is another traditional antihista-
mine, which reaches peak plasma concentration com-
paratively slowly (3 h) and has a very short action
duration (4–6 h). Although a single-patient double-
blind trial found it effective, a large double-blind trial
and another small double-blind trial both found no
benefit for AD.8

Promethazine is another representative first-generation
antihistamine, which has pronounced sedative effects.
The one available study did not find any significant
advantage in the treatment of AD.8

Cyproheptadine is both a histamine and a serotonin
antagonist with clear sedative activity. Two studies
have suggested that it reduces pruritus in AD patients;
however, both studies found that hydroxyzine was
even more effective.8

Hydroxyzine is a potent antihistamine with calming
properties. All 4 published studies on hydroxyzine in
AD have suggested that it is effective, though most of
them lacked placebo controls and/or sufficient statisti-
cal power to draw solid conclusions.8,16 One of these
studies found that a low dose was as effective as a high
dose, while being less sedative. 

Second-generation antihistamines

Second-generation antihistamines were first introduced
in the early 1980s and are distinguished by their relative
non-sedativeness. They have a low penetration of the
CNS, because they are lipophobic, do not easily cross the
blood–brain barrier, and have lower affinity for central
rather than peripheral receptors.1,3,8 Consequently, they
are comparatively non-sedative and lack other side effects
often seen in first-generation antihistamines. For these
reasons, they are normally preferred over first-generation
antihistamines, though in the treatment of pruritus in AD
specifically, they have not been shown to be more effec-
tive than first-generation antihistamines.16 It must also be
noted that some second-generation antihistamines
including cetirizine and levocetirizine are not entirely
non-sedative, especially if taken at increased dosages;7 in
fact, only 3 are permitted for use among pilots by the US
Federal Aviation Administration: loratadine, fexofena-
dine, and desloratadine.1

Most important in the discussion of the value of
modern non-sedating antihistamines in the treatment
of atopic eczema are the non-histamine receptor related
anti-inflammatory properties of these substances. For
example, cetirizine inhibits eosinophil chemotaxis in
vitro and in vivo, and reduces LTB4 release as well
as the expression of endothelial adhesion molecules.17

Table 17.1 Pharmacokinetics of some commonly used antihistamines

Time to
Recommended peak Elimination Action

Antihistamine dose plasma (h) half-life (h) duration (h) Sedation

Diphenhydramine variable 2 4–9 12 yes

Chlorpheniramine 4 mg 4–6/d 3 28 4–6 yes

Promethazine 25–60 mg 2–3 11–14 4–6 yes

Cyproheptadine 4 mg 3/d unknown unknown unknown yes

Hydroxyzine 25–50 mg 3–4/d 2 20.0 ± 4.1 24 moderate

Cetirizine 10 mg 1/d 1 7–10 24 low

Loratadine 10 mg 1/d 1–3 8–15 18–24 none

Desloratadine 5 mg 1/d 1–3 27 24 none

Fexofenadine 120/180 mg 1/d 1–3 14.4 24 none
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Loratadine and desloratadine modulate cytokine
release, especially IL-6 and IL-8, from human mast cells
and basophils18 and reduce the expression of endothe-
lial adhesion molecules.19 Fexofenadine has also been
shown to reduce the expression of cellular adhesion
molecules and it inhibits the eosinophil-induced release
of IL-8, GMCSF, and soluble ICAM-1 from human
nasal epithelial cells.20

One of the major characteristics of atopic eczema is
the high influx of inflammatory cells for which the up-
regulation of endothelial adhesion molecules is a prereq-
uisite. Boone and co-workers recently demonstrated that
endothelial adhesion molecules, especially ICAM-1 and
VCAM-1, are constantly up-regulated in AD.21 The same
authors also showed that cetirizine, at a dosage of 20 mg
(twice the recommended dosage for allergic rhinitis),
significantly reduces the expression of VCAM-1 as com-
pared to placebo, whereas ICAM-1 was not affected. 

Cetirizine is a metabolite of hydroxyzine and a
potent antihistamine. One of the few available good-
quality randomized controlled trials (RCTs) evaluated
cetirizine for 4 weeks in adults with AD at various
dosages. Cetirizine was found to be significantly effec-
tive compared to placebo but only at the high 40 mg
dose level which was sedative as a side effect. Another
long-term study has reported that cetirizine was safe
and useful in significantly reducing the amount of mod-
erate-to-strong topical corticosteroids used in infants
with severe AD.11 Two other lower quality studies have
also supported the use of cetirizine.16

Levocetirizine is the active enantiomer of cetirizine and
a potent second-generation antihistamine without car-
diotoxicity, but so far no trials in AD have been reported.

Terfenadine was one of the first second-generation
antihistamines. Because it is relatively free of sedating
side effects, it was readily prescribed, often in off-label
dosages.7 Two good-quality studies refuted its effective-
ness in AD.16 Moreover, terfenadine was later found to
cause arrhythmias and delays of the QT interval, and is
no longer recommended.1,7 Although cardiotoxicity is
not a class effect of antihistamines,1,7 the rise and fall of
terfenadine serves as a cautionary reminder against pre-
scribing antihistamines with inadequate safety testing,
especially off-label. 

Fexofenadine is the active metabolite of terfena-
dine, yet has no cardiotoxicity7 and is non-sedative.
In a recent study, Kawashima et al found that twice
daily 60 mg fexofenadine in young adults with AD
resulted in a rapid improvement in both diurnal and
nocturnal pruritus, at a high level of significance com-
pared to placebo, though the effect size was small.10

The incidence of adverse effects was equal to placebo.
Fexofenadine is not metabolized by the liver, and thus
the likelihood of drug–drug interactions in patients on
other medications is low.3

Loratadine is a commonly discussed, long-acting,
potent, non-sedative antihistamine with no cardiotoxi-
city. Although 1 study did not find it effective for AD
patients, 2 other small studies have supported its use-
fulness.8,16

Desloratadine is the active metabolite of loratadine;
it is also non-sedative and much more potent than
loratadine. It has the highest H1 receptor affinity and is
very long-lasting. It is well tolerated, and there is no
cardiotoxicity even at 9× the licensed dosage.7 There do
not appear to be any studies yet on its efficacy specifi-
cally in AD though.

CLINICAL STUDIES OF ANTIHISTAMINES
IN ATOPIC DERMATITIS

Although there may be good biological reasons to
hope that antihistamines are effective in AD, only well-
designed clinical trials can establish how effective they
actually are. To date, the available evidence that anti-
histamines are effective in treating the pruritus of AD is
limited.22 There do seem to be some benefits for some
antihistamines, but most have not yet proven their effi-
cacy for AD patients in prospective placebo-controlled
clinical trials.

Quality of available evidence

In a frequently cited paper, Klein et al reviewed the
literature on antihistamine treatment of AD.16 Although
antihistamines have been in existence for several
decades, they found no large, double-blind, placebo-
controlled, randomized clinical trials (RCT) of their
efficacy. They found only 3 small RCTs with ambigu-
ous results, and 13 flawed or very small trials and other
study designs, the value of which are quite limited.
Since that time (1999), only 3 additional good-quality
studies (and a few low-quality studies) of antihistamine
treatment of AD have appeared. In sum, there is a short-
age of solid evidence on the efficacy of antihistamines
in treating AD, and more large RCTs are needed.
Table 17.2 summarizes the available published clinical
evidence on the use of antihistamines for AD.

Review of the efficacy of antihistamines
in atopic dermatitis

From the currently available literature, there is no
strong evidence that antihistamines on the whole are
effective in relieving pruritus or other symptoms in
AD patients.7,16,22 Moreover, it often seems that the
effectiveness of some antihistamines is primarily due
indirectly to the sedative effect. Klein et al reviewed the
3 available small double-blind RCTs on antihistamines
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used in the treatment of AD, and they found that 2
refuted their use, while 1 supported them, but all had
some limitations to their conclusions:

1. Berth-Jones et al conducted a small RCT of 120 mg
of terfenadine twice daily for 1 week.23 They con-
cluded that terfenadine was not effective in reliev-
ing pruritus, but due to the small sample size and
the imprecision of the clinical measurements, a pos-
sible treatment effect could not be definitively ruled
out.16

2. Wahlgren et al performed a small cross-over RCT
on 25 adults receiving 60 mg terfenadine twice
daily, 2 mg clemastine fumarate twice daily, or
placebo, for 3 days.24 They found no significant dif-
ferences in clinical outcomes between the three
treatment conditions.

3. Hannuksela et al conducted a parallel-group RCT
of cetirizine at 10 mg, 20 mg, and 40 mg, and
placebo for 4 weeks on 178 adults, 51 of whom had
to be excluded from the final analysis.25 They found
that the pruritus scores of all 4 patient groups
improved significantly compared to baseline, but
only the 40 mg group improved significantly more
than the placebo group. They reported that 40 mg
cetirizine (which is 4 times the recommended nor-
mal dose),10 was sedative and conceded that the
improvement was due to this effect. 

Since Klein et al completed their 1999 review, only 3
other good-quality antihistamine trials have appeared
in the literature:

1. Diepgen reported on an 18-month long, multi-
country RCT of 0.25 mg/kg cetirizine versus
placebo on 795 infants with AD and a family his-
tory of AD, of whom 99 dropped out (nearly
equally from both conditions).11 The value of the
study is limited though because concomitant use of
any other medications was allowed if reported, and
because asthma onset, not pruritus, was the clinical
outcome of interest. The authors did find though
that among the subgroup of infants with severe AD,
cetirizine led to a reduction of the amount and
duration of moderate-to-strong topical cortico-
steroids used.

2. Munday et al reported on a multicentre, double-
blind, placebo-controlled trial of chlorpheniramine
in 155 children with AD.26 They found chlorpheni-
ramine no more effective than placebo in alleviating
symptoms, and that it did not reduce the amount of
topical treatment used. They took this as evidence
against the view that antihistamines are effective
due to sedation.

3. Kawashima et al investigated the efficacy of twice
daily 60 mg fexofenadine for 1 week in reducing
pruritus in young adult AD patients.10 Their study
was a large, double-blind, randomized, placebo-
controlled trial, which was methodologically well-
designed and well-reported. They found that
fexofenadine rapidly improved both diurnal and
nocturnal pruritus, at a high level of significance
compared to placebo. The incidence of adverse
effects was equal to placebo. It should be noted
though that the mean effect size difference was
small (additional improvement over placebo was
0.25 on a 0–8 compound scale). The evidence for
the efficacy of antihistamines in AD from these
more recent studies, along with all the studies
reviewed by Klein et al, was characterized in a
recent narrative review article as ‘not convincing’.1

Positive findings for antihistamines
in atopic dermatitis

Although altogether these studies have not provided
sufficient evidence for the general efficacy of antihis-
tamines in the treatment of AD,1,3,7,8,16,22,27 they have
provided an interesting insight into why some antihist-
amines may be helpful for some patients in managing
AD. It has often been remarked that improvements
in the clinical condition and patient quality of life
(QoL) may be due primarily to the promotion of
restful sleep, rather than to a direct reduction of
symptoms.3,8,22 Klein et al likewise underscore that
Hannuksela et al only found a significantly greater
improvement from cetirizine versus placebo when it
was administered at sedating levels.16 Although seda-
tion as an unintended side effect might at first be seen
as undesirable, it would seem that this is why some
antihistamines are effective in reducing itching for
some patients. O’Donoghue et al suggest that ‘a good
night’s rest’ improves the patient’s (and possibly par-
ents’) ‘overall demeanor’ and therefore tolerance of the
disease.3 Another further possible explanation is based
on an earlier study by Savin et al.28 The sedative effect
of trimeprazine tartrate and of trimipramine maleate
(and perhaps of many other sedating antihistamines as
well), reduces the amount of time during the night that
the patient spends waking up or in shallow stage 1
sleep, and increases the amount of time in sleep stages
2–4 and REM, where he or she has much less deliber-
ate motor activity. In Savin’s study, those 2 antihista-
mines did not reduce the probability that a patient
would itch in any given stage of sleep. As a result of this
antihistamine-induced shift from broken/shallow to
deeper sleep, patients would spend less time during the
night scratching themselves and thereby exacerbating
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their condition. Since the management of itching is one
of the more important principles of treatment of AD,11

this particular sedative effect should not be discounted.
Nonetheless, not all antihistamines are effective simply
because they are sedative. Promethazine,8 chlorpheni-
ramine,26 and clemastine,16 for example, have all been
found ineffective in clinical trials, despite being clearly
sedative. The effectiveness of some other sedative anti-
histamines therefore cannot be due solely to an indirect
general effect of sedation.

INDICATIONS FOR ANTIHISTAMINE
USE IN ATOPIC DERMATITIS

Historical prescribing pattern

Antihistamines have been widely prescribed for AD
during the past few decades, perhaps too widely.8 One
reason for this is the erroneous belief that antihista-
mines have non-specific antipruritic properties which
will stop itching in any skin disease.7 Also, because they
are often effective in other allergic conditions and
because it has been assumed that histamine plays a
major role in the pruritus of AD, it has been widely
assumed and hoped that antihistamines are effective
also in AD.8,16 The available evidence does not support
such a widespread and indiscriminate prescribing pat-
tern for antihistamines.1,8,16,22 On the other hand
though, it would be overly restrictive to summarily dis-
miss the whole class of antihistamines, as some authors
seem implicitly to do,27 especially considering the chal-
lenging long-term course of AD and the shortage of
other effective options available for controlling itch-
ing.8,22 A careful and discriminatory reading of the lit-
erature provides several indications about which
antihistamines may be beneficial for which patients. A
differential and targeted prescription of antihistamines
may yield more satisfying clinical results than what is
found in the existing studies which randomly prescribe
a given antihistamine to an all-inclusive collective of
AD patients.

Differentially targeted Indications

There is a general acknowledgement that sedative
antihistamines often provide benefit for patients whose
pruritus is primarily nocturnal and/or who are experienc-
ing sleep disturbances.3,8,16,22 Hydroxyzine, which is both
sedative and calming, has often been found to be benefi-
cial when prescribed for night time use, and it may repre-
sent a good option for patients complaining of sleep
disturbances due to pruritus. For patients with milder pru-
ritus yet pronounced sleeping troubles, cyproheptadine

may be better suited. The second-generation hydroxyzine
metabolite cetirizine has shown itself to be effective when
sedative and able to reduce topical corticosteroid use
among patients with severe AD. Thus it also seems well
suited for patients with severe AD that is more nocturnal,
if prescribed at a high dosage. For these and other sedative
antihistamines, it is important to note that the patients
themselves may not always recognize these sedative
effects.1 Thus, clear patient education is essential for
safety, and sedative antihistamines are more or less coun-
terindicated for patients who are elderly, have pre-existing
cognitive impairment, or who must remain alert (e.g. to
operate a vehicle).1,7

Low-sedative and non-sedative antihistamines may
be helpful for patients whose AD is more diurnal and
who have other histamine-based comorbidities, such as
allergic rhinitis, chronic urticaria, dermographism, or
allergen-induced asthma.8,13,16,22 Loratadine, or alter-
natively its more potent metabolite desloratadine, may
be the first option of antihistamine for this subpopula-
tion of AD patients. Aside from these, non-sedative
antihistamines do not yet appear beneficial for AD
patients, except for fexofenadine.

Fexofenadine has been shown to be more effective
than placebo for both diurnal and nocturnal AD pruri-
tus,10 without sedation or other side effects. For patients
without comorbidities or pronounced sleep disruption,
fexofenadine seems to be the most useful antihistamine
currently available and tested. The mean effect size
above placebo is small though (0.25 on a 0–4 × 2 point
scale),10 so patients (and their physicians) should not
expect fexofenadine to be a ‘magic bullet’ cure for AD
pruritus. But some relief is better than no relief and,
given its safety and lack of side effects, there does not
seem to be any reason not to try it with AD patients.

Safety of antihistamines

Antihistamines are generally considered to be safe and
not associated with significant side effects.22 Although
the earlier antihistamines have never been rigorously
tested for safety, they have been widely used for
decades.1,29 The main concern is their sedative effect.
Second-generation antihistamines are relatively free of
sedative and other side effects. They have either been
shown to be relatively free of cardiotoxicity or have been
removed from the market.1,7 No H1 antihistamine cur-
rently available in the USA is considered to have carcino-
genic or tumour-promoting effects.1 H1 antihistamines
are not associated with foetal risk in pregnancy, though
the US FDA at best classifies them as category B in this
regard.1,7 Thus there are generally no strong reasons
against prescribing H1 antihistamines to AD patients on
a trial basis along with appropriate patient education. 
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CONCLUSIONS

Antihistamines have been widely prescribed for decades
for the goal of alleviating the pruritus of AD. Clinical
studies on the efficacy of antihistamines for AD patients
do not support this kind of indiscriminate usage. Many
antihistamines are simply ineffective compared to
placebo for AD patients or present no advantages
compared to other antihistamine options. However,
certain antihistamines are recommendable for certain
subgroups of AD patients, and most antihistamines
are considered safe. Sedative antihistamines, such as
hydroxyzine, cyproheptadine, and cetirizine, appear
beneficial for night time use in patients whose pruritus
is more nocturnal or who are suffering from associated
sleep disturbances. Second-generation antihistamines,
such as loratadine and desloratadine, appear beneficial
for patients with comorbid conditions such as allergic
rhinitis, chronic urticaria, dermographism, or allergen-
induced asthma. Fexofenadine has demonstrated a
small but highly significant reduction of pruritus in AD,
so it should be somewhat helpful for many AD patients.
Currently it seems to be the first option of antihistamine
for all AD patients who do not fall into the previous two
subgroups. There is a distant hope that ‘third-generation’
antihistamines (designed by molecular techniques) or
H4-receptor inverse agonists will eventually provide
stronger, more general alleviation of pruritus in AD
patients sometime in the future. In the meanwhile,
discriminate review of the individual patient history and
a differential approach to prescription may often enable
antihistamines to be beneficial adjuncts in the overall
treatment regimen.
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Systemic immunomodulation
John Berth-Jones

INTRODUCTION

Most patients with atopic dermatitis (AD) are able to
achieve very adequate control of their disease using the
range of topical treatments described in other chapters
of this book. There are, however, a relatively small
number of sufferers at the extreme end of the spectrum
of severity for whom the eczema simply cannot be
controlled with these first line treatments Figure 18.1
illustrates severe atopic dermatitis.

The impact of the disease on the quality of life (QoL)
for these patients can be devastating.1 These patients
rarely enjoy a good nights sleep as they are constantly
disturbed by the pruritus. Adult patients experience
difficulties with work whilst children may be repeatedly
absent from school. Many of these patients experience
difficulty establishing and maintaining satisfactory rela-
tionships. In some cases repeated admissions to hospital
are required, each being followed by a prompt relapse
after discharge. 

It is in these severe cases that systemic treatment
with the immunosuppressant drugs described in this
chapter becomes necessary. When they are effective the
improvement in QoL for such patients is often dra-
matic. There are hazards associated with these systemic
treatments but with adequate supervision and careful
monitoring the risks are justified by the benefit. 

AZATHIOPRINE

Azathioprine is a synthetic purine analogue used as a
cytotoxic immunosuppressant and corticosteroid sparing
agent in a wide variety of inflammatory and autoimmune
diseases. Even within dermatology this drug has found
a wide range of applications but dermatologists are
most familiar with its use in immunobullous dermatoses
such as bullous pemphigoid and pemphigus vulgaris. The
structural formula is shown in Figure 18.2.

Mechanism of action

The active metabolites of azathioprine are also purine
analogues of which the most important is 6-thioguanine.
These inhibit purine synthesis and metabolism and
consequently synthesis of DNA and RNA. Incorpora-
tion of these analogues into DNA and RNA in place of
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N
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Figure 18.1 Severe atopic dermatitis.

Figure 18.2 Structure of azathioprine – a purine
analogue.
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adenine and guanine may result in formation of brittle
strands subject to breaks and point mutations. Azathio-
prine demonstrates pronounced antiproliferative and
immunosuppressant effects. Both T-cell and B-cell mech-
anisms, as well as antigen presenting cell function have
been shown to be suppressed by azathioprine.2–5

Treatment regimen

Doses employed have generally ranged from 50–300 mg
daily or up to 2.5 mg/kg/day. In patients receiving allo-
purinol the dose should be reduced by 75%. Lower
doses should be used for patients with moderate or low
levels of thiopurine methyltransferase and it is advisable
to avoid the use of this drug altogether in patients with
very low levels of this enzyme (see below). Low doses
should be used, at least initially, in patients with hepatic
impairment as metabolism may be reduced. Azathioprine
is usually given as a single daily dose but it is sometimes
useful to split this if nausea or other mild side effects
occur. 

Metabolism

Azathioprine is rapidly metabolized to 6-mercaptop-
urine (6-MP) which is subsequently acted upon by 3
enzymatic pathways: 

1. Hypoxanthine guanine phosphoribosyl transferase
(HGPRT) converts 6-MP to its active metabolites,
including 6-thioguanine.

2. Thiopurine methyltransferase (TPMT) metabolizes
6-MP to inactive metabolites. Genetic polymor-
phisms in this enzyme are known to be a major cause
of the marked variability in efficacy and
toxicity of azathioprine. Although several different
mutations have been found in the TPMT gene,
the population can be broadly divided into three
phenotypes demonstrating high, moderate or low
levels of TPMT activity (corresponding, respectively,
to normal genotype, heterozygosity and homozygos-
ity for non-functional genes). In the white Caucasian
population approximately 1 in 300 are homozygous
for a low activity mutation which can result in
pancytopenia when these patients are treated with
ordinary doses of azathioprine.6 Eleven per cent
demonstrate intermediate activity and the majority
show high levels of TPMT activity. The latter group
probably require relatively high doses of azathio-
prine to achieve optimal efficacy.

3. Xanthine oxidase also metabolizes 6-MP to inactive
metabolites. This enzyme is not so prone to genetic
variability but can be inhibited pharmacologically
by allopurinol and related drugs. This may produce
a dangerous interaction between azathioprine and
these drugs with the risk of pancytopenia.

Toxicity and side-effect profile

Azathioprine is generally regarded as a relatively safe
cytotoxic immunosuppressant but side effects are not
uncommon. The greatest concern is bone marrow sup-
pression and this is the main constraint on the dose
that can be used. Most often, marrow suppression
manifests as lymphopenia but any or all cell lines may
be affected.7–10 Anaemia is usually macrocytic but
macrocytosis may or may not progress to anaemia.8,9

Thrombocytosis has also been observed, and may pre-
cede thrombocytopenia.9 As discussed above, an esti-
mated 1 in 300 individuals is unable to metabolize
azathioprine normally and is prone to development of
profound pancytopenia when conventional doses are
administered. 

Abnormalities of liver enzymes may result from
azathioprine therapy and may be more common in
the atopic population (see below). Other hypersensi-
tivity phenomena include various exanthemata, gas-
trointestinal disturbances, pneumonitis, myopathy,11

pyrexia, arthralgia and renal dysfunction.12 In occa-
sional severe cases anaphylactic reactions and hypoten-
sion can occur.13

As with all immunosuppressive drugs there are risks
which result from the immunosuppression. Under some
circumstances there is an increased risk of malignancy,
particularly lymphoreticular malignancy, associated
with the use of azathioprine.14,15 This has been most
prominent in patients profoundly immunosuppressed
following organ transplantation.16 In other groups of
patients, such as those with inflammatory bowel dis-
ease17 or multiple sclerosis,18 no increased risk has been
established. This would suggest that it is the intensity
and duration of immunosuppression, rather than treat-
ment with azathioprine specifically, that is responsible
for the increase in malignancy.

Unlike many cytotoxic drugs, azathioprine probably
does not usually affect fertility and neither is it gener-
ally considered teratogenic.7 However, it is certainly
advisable to avoid the use of this drug, whenever possi-
ble, in women of childbearing age, and especially those
at risk of pregnancy.

Monitoring

Prior to treatment with azathioprine patients should be
screened for any contraindication to immunosuppres-
sion. It is recommended that patients should have a full
blood count, including platelet count and differential
white cell count, before starting, and at weekly inter-
vals for at least 6 weeks after starting azathioprine.
Subsequently, the intervals between haematological
assessments may be gradually extended, provided there
is no cause for concern. The maximum interval should
not exceed 3 months. Liver function tests and serum
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creatinine should also be monitored. It is also recom-
mended that patients should be examined at 6-month
intervals for evidence of cutaneous or lymphoreticular
malignancy. Patients should be advised to comply fully
with screening programmes for malignancies such as
breast or cervical cancers. 

The hazard of developing marrow suppression dur-
ing treatment with azathioprine can now be predicted
in many cases by the assay of TPMT. Where available,
and when time permits, it is recommended that this
assay should be performed prior to commencing treat-
ment. When normal levels of TPMT have been demon-
strated, haematological monitoring need not be quite
so frequent, although this is still required.

Drug interactions

There are relatively few drug interactions with azathio-
prine. Most important is the interaction with allopurinol
discussed above. This drug inhibits azathioprine metab-
olism, increasing the potential for toxicity. Captopril may
increase the risk of marrow suppression. Neuromuscular
blocking agents may be increased (succinylcholine) or
reduced (tubocurarine) in efficacy. The action of war-
farin may be reduced by azathioprine. 

Clinical experience of azathioprine
in atopic dermatitis

Azathioprine does not seem to suit every patient with
severe AD but it can certainly be highly effective when
it is well tolerated (Figure 18.3). The efficacy of aza-
thioprine in AD is evidenced by the frequency with
which it is used. A survey of UK dermatologists indi-
cated that 75% used azathioprine for this disease.19

The published experience is still quite limited and, until
recently, this has been entirely uncontrolled. With the
exception of one early description of 3 cases,20 all the

published reports have indicated that the majority of
patients with severe AD respond well.

In small case series, Morrison et al21 reported a good
response in 2 and Younger et al22 in 3 cases of severe
adult AD.

August23 treated 25 patients suffering from various
types of eczema with azathioprine at 2.5 mg/kg/day and
reported that the patients suffering from AD responded
less well than those with other types of eczema. 

Lear et al,24 in a retrospective review, reported their
results from treatment of 35 patients, ranging in age
from 5–70, with severe longstanding AD. Azathioprine
was used at an initial dose of 50 mg bd in most cases
and the median duration of treatment was 7 months.
Patients were asked to grade the efficacy of the drug on
a scale of 0 (no effect) to 10 (100% improvement) and
the average score was 6.9. 

Buckley et al25 published data on 10 adult patients
with severe AD treated with azathioprine for at least
12 months. Eight improved considerably although 3
seemed to become refractory to the drug.

Scerri reported a good or excellent response in 6 of
10 adults with severe AD using doses ranging from
50–150 mg daily.26

Chu27 reported the results of treating one 6-year-old
and 26 adult patients suffering from severe AD with
azathioprine at the dose of 2.5 mg/kg/day for periods of
4 weeks to 27 months. The drug was well tolerated by
all the patients. Three adults failed to respond, leading
to withdrawal of treatment at 3 months. The rest demon-
strated 70–100% improvement, generally over the first 
2 months.

Murphy et al reported results from treatment of 48
children with severe atopic eczema aged 6–16 years.28

Initial doses ranged from 2–3.5 mg/kg/day. The response
was considered good or excellent in 41 cases. The
improvement was usually observed after 2–6 weeks.
Adverse events included a single episode of eczema

a b

Figure 18.3 Severe atopic dermatitis (a) before and (b) after 3 months of treatment with azathioprine
2.5 mg/kg/day (a patient participating in the clinical trial illustrated in Figure 18.4).
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herpeticum. Nausea, vomiting, and diarrhoea occurred
in 1 child and another developed a hypersensitivity
reaction comprising urticaria and vomiting. Mild, tran-
sient changes in liver enzymes were observed in 5 cases.
The assay of TPMT activity was considered helpful in
improving the safety of the treatment.

Meggitt et al reported results from treatment of
12 adult cases of AD in an open study using the
TPMT to determine the dose used, which ranged from
0.5–2.5 mg/kg/day.29 An objective sign score was used
to monitor disease activity. There was a mean reduc-
tion of 26% in the sign score after a treatment duration
ranging from 4–16 weeks.

In a retrospective case study Kuanprasert et al30

reported that AD was well-controlled in 30 out 38
cases treated with maintenance doses of azathioprine
ranging from 25–200 mg per day. Four of their patients
were unable to tolerate the drug, 1 of whom developed
pancytopenia.

Berth-Jones et al conducted a trial of double-blind,
placebo-controlled, crossover design to investigate the
efficacy of azathioprine in adult patients with severe AD
and the tolerability of the drug in this population.31

Azathioprine was used at the dose of 2.5 mg/kg/day and
each treatment period was of 3 months’ duration. Disease
activity was monitored using the six area, six sign, atopic
dermatitis (SASSAD) score. Of 37 subjects enrolled, 16

were withdrawn, 12 during azathioprine treatment and
4 during placebo treatment. The SASSAD score fell by
26% during treatment with azathioprine versus 3%
on placebo (P < 0.01) (Figure 18.4). Pruritus, sleep dis-
turbance, and disruption of work and daytime activity
also improved significantly on azathioprine but not on
placebo. This response of the sign score can be compared
to the response to ciclosporin (see Figure 18.6 below)
which has been assessed in a trial of similar design. The
response to azathioprine is less rapid and less complete
than the response to ciclosporin. However, the dermatitis
was still improving after 3 months on azathioprine so a
greater improvement seems likely to be achievable with
continued treatment.

The adverse events experienced by the subjects in this
trial were significant. Gastrointestinal disturbances
were reported by 14 patients during azathioprine treat-
ment and 4 were withdrawn as a result of severe nausea
and vomiting. Leukopenia was observed in 2 patients
and deranged liver enzymes in 8 patients during treat-
ment with azathioprine. 

Meggitt et al have reported a further double-blind,
randomized, placebo-controlled trial,32 which was of
parallel-group design. Sixty-three adult patients were
randomized. TPMT enzyme activity was used to
establish azathioprine dose. There was again a signifi-
cant improvement in SASSAD score on azathioprine,
37% versus 20% in the placebo group. In contrast to
the previous study, there was a marked placebo effect.
Pruritus and the physician’s global assessment also
improved significantly better in the azathioprine group.
Six patients withdrew from azathioprine treatment due
to nausea or hypersensitivity.

Conclusions

Azathioprine appears to be an effective and useful
drug in both adults and children with severe AD. In
comparison to ciclosporin it is probably less effective
and certainly slower acting but it has an entirely differ-
ent side-effect profile. Unfortunately azathioprine is
not consistently well tolerated and susceptible individ-
uals can develop marrow suppression, hypersensitivity
reactions, or hepatitis. Haematological and biochemi-
cal monitoring (especially of liver enzymes) are essen-
tial. The advent of the TPMT assay will make this
treatment safer by helping to predict which patients are
most liable to develop profound marrow suppression. 

CICLOSPORIN

Ciclosporin is a non-cytotoxic immunosuppressant.
This was the first of an important class of drugs now
known as calcineurin inhibitors. It is rather paradoxical
that ciclosporin was used initially in psoriasis, which
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Figure 18.4 Mean SASSAD scores during treatment
for 3 months with azathioprine and placebo in a
crossover trial. Error bars show standard errors (SEM). 
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had not previously been considered an autoimmune 
disease, well before it was used in AD, which has
always been regarded as a disorder involving the
immune system.

Ciclosporin is a cyclic peptide containing 11 amino
acids with molecular weight 1203 and the structural
formula shown in Figure 18.5.

Mechanism of action

Ciclosporin inhibits lymphocyte activation. This is
effected by blocking transduction of the signal from the
lymphocyte receptor to induce lymphokine transcrip-
tion. The drug requires a cyclophilin for activity and is
only active when bound to a member of this family of
enzymes which are cis-trans isomerases abundant in
the cytoplasm of most types of cell. The ciclosporin/
cyclophilin complex binds to and inhibits a cytoplasmic
enzyme – calcineurin phosphatase. Calcineurin is a
calcium-calmodulin dependent serine-threonine phos-
phatase. Among the substrates of this enzyme is the
transcription activating factor NFAT (nuclear factor of
activated T cells). After removal of a phosphate group,
NFAT is able to enter the nucleus and ‘activate’ the
lymphocyte by promoting transcription of lymphokines
such as IL-2, γ−interferon, GMCSF, IL-3, IL-4, TNFα
and others. Activation of T4 lymphocytes with both
Th1 and Th2 lymphokine profiles can therefore be
prevented by inhibiting calcineurin. 

In vitro studies have demonstrated numerous other
properties of ciclosporin including an ability to inhibit
the function of antigen presenting cells, inhibition of the
release of mast cell mediators including histamine and
leukotrienes, and actions on keratinocytes including the
inhibition of proliferation and cytokine secretion. How-
ever, at least in vitro, much higher concentrations of the
drug are usually required to produce these effects than
are required to inhibit lymphocyte activation.

Treatment regimen

Doses used for treatment of AD have generally
ranged from 2.5–5 mg/kg/day. The maximum dose
should not usually be exceeded as toxicity is dose
related. Measuring dose according to body weight in this
way can result in relative overdose of obese subjects.
Conversely, children tend to be relatively underdosed but
this results in a useful extra safety margin and in the
author’s experience young patients often respond surpris-
ingly well to lower doses. 

The author recommends advising patients at the outset
that a short course of treatment is planned. In those
patients who tolerate the drug well treatment can then be
extended if necessary. A short course of 2 or 3 months9

duration appears remarkably safe but long-term therapy
carries significant risks (see below). 

The speed of response is dose related. Most patients
with severe AD greatly appreciate prompt relief from the
pruritus. Since toxicity is not usually a problem in
the short term there seems little advantage in starting at
the lower end of the dose range. 

Treatment should be tailed off gradually over at least
4 weeks, not abruptly discontinued, as AD may relapse
very promptly and the sudden return of severe pruritus
can be distressing, especially to children. 
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Figure 18.5 Structural formula of ciclosporin, a
cyclic undecapeptide.
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Metabolism

Ciclosporin undergoes metabolism to inactive products
by cytochrome P450 type 3A isoenzymes (especially
isoenzyme 3A4). It is therefore subject to numerous
metabolic interactions with other drugs which can sig-
nificantly alter blood levels of ciclosporin and/or the
interacting drug.

Toxicity and side-effect profile

The most frequent problem requiring withdrawal of
ciclosporin is renal impairment which is related to
dose and duration of treatment.33 Even short courses of
treatment at the dose of 5 mg/kg/day may produce a
measurable effect on renal function.34 This appears to be
reversible provided that the recommended dose rate of
5 mg/kg/day is not exceeded and that the dose is reduced,
and treatment stopped if required, to prevent the serum
creatinine rising to more than 130% of baseline. How-
ever, even when these guidelines are followed it cannot
be stated that renal impairment is 100% reversible. In a
series of 8 patients with psoriasis treated by Korstanje
et al for an average of 12 months, glomerular filtration
rate (GFR) had fallen by 17.8% and remained 9.8%
below baseline even 4 months after stopping ciclosporin.35

Zachariae et al have reported histological changes in the
kidney in a group of 30 psoriasis patients treated with
doses of up to 6 mg/kg/day for 6 months to 8 years.36

Changes became pronounced after 2 years and the
authors considered that after 2 years, if ciclosporin ther-
apy was to be continued, estimations of GFR and renal
biopsies should be performed. Powles et al reported on
the renal function of 29 patients with psoriasis treated
with ciclosporin for between 5 and 11 years and moni-
tored using a combination of serum creatinine, isotope
GFR estimations, and renal biopsies.37 In the worst case,
histology revealed 25% glomerular obsolescence after
10 years of treatment. The higher the dose and the longer
the duration of treatment the less reversible the renal
changes are likely to be but, most importantly, renal func-
tion generally recovers at least partially and does not seem
to become progressive after treatment is discontinued.37

Additional manifestations of nephrotoxicity are the
increases in serum potassium and urate consistently
observed during treatment. Although these are rarely
severe enough to require dose adjustment it is advisable
to monitor serum potassium and urate.

Treatment with ciclosporin results in an increase in
blood pressure which can be detected even in the short
term. Significant hypertension may develop at any time
during treatment and this is probably a dose-dependent
effect. Hypertension resulting from ciclosporin therapy
can either be treated along conventional lines or the dose

of ciclosporin can be reduced. Nifedipine appears to have
a protective effect on renal function during ciclosporin
treatment. This is therefore a particularly useful drug if
it is considered necessary to treat hypertension.

An increase in serum bilirubin is often observed
during ciclosporin treatment. In the author’s experience
the largest rises have occurred in subjects who already
had an elevated bilirubin prior to treatment (Gilbert’s
syndrome). Isolated increases in serum bilirubin do not
usually require dose adjustment. Rises in transaminases
appear to be relatively rare and should prompt screen-
ing for occult viral hepatitis. 

Other side effects include arthralgia, gastrointestinal
disorders (nausea, abdominal pain, diarrhoea), gingival
hyperplasia, headache, hypertrichosis, paraesthesiae,
and tremor. Nausea is most frequently encountered after
the first few doses and usually resolves. Gum hypertro-
phy is a side effect which may be slightly more common
in children than adults. This may respond to improved
dental hygiene or a reduction in dose. Hypertrichosis is
often seen to some degree and may be a particular prob-
lem in female patients with dark hair. Ciclosporin is
known to raise serum cholesterol and triglyceride levels.

Infections, including herpes simplex, have not been a
prominent problem during treatment of AD. However
ciclosporin is hazardous in patients who have suffered
from hepatitis B or C.

The risk of malignancy developing as a result of
immunosuppression is difficult to quantify at present
but appears to be small. Although there is no doubt that
the risk of diverse malignancies, including cutaneous
tumours and lymphomas, is increased in transplant
patients, this group undergoes immunosuppression of a
different order of magnitude to dermatological patients.
Cutaneous malignancy is a particular hazard in patients
who have received significant doses of therapeutic ultra-
violet irradiation.38

Monitoring

Before starting ciclosporin it is important to assess the
suitability of the patients by carefully checking for con-
traindications. These include renal disease; uncontrolled
hypertension; hyperlipidaemia; active chronic infection
or evidence of previous infection with hepatitis B or C;
or a history of malignancy. Ciclosporin is not known to
be teratogenic but should be avoided in pregnancy if not
essential. In the elderly, the usefulness of ciclosporin
tends to be restricted by a lower renal reserve.

Blood pressure should be recorded and examina-
tion performed for malignancy or infection. Lympha-
denopathy should be documented at baseline. Patients
should be encouraged to comply with any available
routine screening for neoplasia. 
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Serum creatinine should be measured to establish a
baseline. It is often surprising how much this varies
from day to day, so whenever possible the author usu-
ally obtains 3 estimations at intervals of a few days,
and uses the mean as the baseline value. Other useful
investigations at baseline are serum electrolytes, urate
liver function tests and lipids, and urinalysis to detect
proteinuria or haematuria which may be indicative of
pre-existing renal disease. 

Patients should be reviewed after 2 and 4 weeks on
ciclosporin and then monthly, or fortnightly if there is
any cause for concern. During long-term maintenance
therapy, if the treatment has been well tolerated for
6 months, it is possible to extend the review interval to
6 or 8 weeks in some patients.

Serum creatinine should be checked at each visit.
Small reductions in GFR in the normal kidney are not
detected by monitoring serum creatinine because tubu-
lar secretion of creatinine increases to compensate.
However, in subjects in whom renal function is already
impaired, the creatinine rises much more promptly
with small changes in the GFR. This investigation is
therefore most sensitive in the circumstances where

it is most important. As discussed above, published
experience suggests that changes in renal function are,
for practical purposes, reversible after stopping treat-
ment provided that the dose is reduced as required to
prevent a sustained rise in serum creatinine of more
than 30%.

Blood pressure should also be monitored at each
review. If hypertension develops this can either be
treated or the dose of ciclosporin can be reduced.

Blood levels of ciclosporin have not proved a useful
means of predicting the risk of nephrotoxicity during
the treatment of skin disease.

Drug interactions

Ciclosporin is a drug with a narrow therapeutic index.
Relatively small changes in blood levels can markedly
influence efficacy and toxicity. Drug interactions are
therefore an important consideration. Numerous drugs
affect the hepatic metabolism of ciclosporin. Important
examples of drugs inhibiting ciclosporin metabolism are
erythromycin, itraconazole, diltiazem and verapamil.
Drugs which may accelerate ciclosporin metabolism
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Figure 18.7 Severe atopic dermatitis on the abdomen (a) before and (b) after 8 weeks of treatment with
ciclosporin 5 mg/kg/day (in a patient participating in the clinical trial illustrated in Figure 18.6).
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include phenytoin, rifampicin and carbamazepine. New
drug interactions are frequently reported and it is essen-
tial to consult an up-to-date reference list of drug inter-
actions whenever other drugs are prescribed for patients
taking ciclosporin. 

It is best to avoid ciclosporin, if possible, in patients
requiring any other potentially nephrotoxic drugs, includ-
ing non-steroidal anti-inflammatory agents.

Ciclosporin is also generally best avoided in patients
taking additional immunosuppressant or carcinogenic
therapies. Concomitant (or intercurrent) phototherapy
is therefore undesirable since this is both carcinogenic
and immunosuppressive. 

Clinical experience with ciclosporin in
treating atopic dermatitis

A sizable volume of research has now been published
on the use of ciclosporin in this indication. This began
with a series of uncontrolled observations39 which were
followed by controlled trials of crossover40–42 and par-
allel-group design43 to confirm the efficacy and tolera-
bility of the drug. Subsequent research has examined
long-term treatment, compared different treatment reg-
imens and, perhaps most importantly, examined the
efficacy and tolerability of ciclosporin in childhood AD.

Figures 18.6 and 18.7 illustrate  the results of a
crossover trial of ciclosporin in atopic dermatitis. There
can be no doubt that ciclosporin is highly effective in AD.
The pruritus can be improved within 24 hours of starting
treatment. Not only the signs and symptoms of the dis-
ease but also the QoL for patients44 have all been shown
to improve during treatment. The requirement for topical
steroids is also reduced by this treatment and this can be
useful in circumstances where the use of large quantities
of topical corticosteroids is causing concern. 

Children respond well and seem to tolerate ciclo-
sporin at least as well as adults.45,46 Changes in renal
function and blood pressure have been less than those
seen in adults when children are treated with doses of
up to 5 mg/kg/day although it is possible that this simply
reflects a relatively lower dose, as children metabolize
the drug more rapidly.

Long-term studies of up to 12 months’ duration
indicate that the response can be maintained without
tachyphylaxis and that the drug is well tolerated over this
period of time.47,48 Initial anxiety that herpes simplex and
other infections might be increased has proved largely
unfounded. In some individuals treatment has apparently
induced prolonged remissions after treatment was dis-
continued49 but it is difficult to be certain whether this
merely represents the natural history of the disease. 

As stated above, dose reduction should be gradual
rather than abrupt as the dermatitis may relapse very
promptly. This can be achieved either by reducing the

daily dose or by giving the drug once daily and then
gradually increasing the number of days between doses.
An interesting study by Munro et al42 compared a reduc-
ing dosage (1 mg/kg/day steps) and a reducing frequency
of treatment (1 day decrements). Dose or frequency was
reduced every 2 weeks. Improvement was maintained by
both regimens; however, ciclosporin 5 mg/kg once every
5 days was more effective than 1 mg/kg/day. 

Intermittent short courses of ciclosporin are probably
more difficult to use in AD than in psoriasis due to the
greater speed of relapse in AD. This approach has been
investigated both in adults50 and in children51 and may be
somewhat better tolerated by adults. Even short courses of
treatment should be tailed off and not stopped abruptly.

The dose required is usually about 3 mg/kg day and
even severe cases usually respond well to this dose. A
more rapid improvement is seen if treatment is started
at a higher dose and then reduced, but a lower cumula-
tive exposure can be achieved by starting with a lower
dose and increasing this until control is achieved.

Conclusions

Ciclosporin is a rapidly acting and highly effective
treatment for AD in adults and children. In the short
term, this treatment is generally very well tolerated,
especially in children, but careful monitoring is
required. Nephrotoxicity is cumulative and becomes a
real concern in the longer term. There are also some
real (and some theoretical) concerns over the hazards
of immunosuppression.

METHOTREXATE

Methotrexate is a cytotoxic immunosuppressant drug
very familiar to dermatologists as it is used so exten-
sively for treating psoriasis. It is an analogue of folic
acid (Figure 18.8). Although it is sometimes used in
AD there is surprisingly little published on the use of
methotrexate for this indication.

Mechanism of action

There are probably several different mechanisms by
which methotrexate exerts immunosuppressive and
antiproliferative effects most of which are related to
folate antagonism. As discussed below, intracellular
methotrexate activity is mainly due to the polyglutam-
inated intracellular form of the drug. This inhibits
dihydrofolate reductase, the enzyme responsible for
conversion of folic acid to tetrahydrofolate. The latter
is required for transfer of single carbon moieties
used in many metabolic pathways, notably synthesis
of pyrimidine (thymidylate) and purine nucleotides
required for synthesis of DNA and RNA. 
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In addition, methotrexate polyglutamate directly inhibits
other enzymes involved in the single carbon transfer path-
ways required for purine and pyrimidine synthesis. These
include thymidylate synthetase and aminoimidazole car-
boxamide ribosyl (AICAR) transformylase. Inhibition of
thymidylate synthetase reduces production of the pyrimi-
dine base thymidylate required for DNA synthesis.52

Inhibition of the transformylase may result in accumula-
tion of its substrate and consequently increased levels of
extracellular adenosine.53 Interaction of adenosine with
specific receptors, particularly the A2A receptor, inhibits
leucocyte chemotaxis and production of inflammatory
cytokines such as TNFα.54–56 Methotrexate has been
shown to selectively induce apoptosis in activated periph-
eral blood T lymphocytes.57 Only a small part of this
activity appeared to be related to adenosine release. The
ability of methotrexate to inhibit nucleotide synthesis may
play a more important role.58

Treatment regimen

No regimen has been developed specifically for use in
AD. Methotrexate is therefore generally employed in a
similar way as in other autoimmune and inflammatory
disease. In the treatment of psoriasis doses are usually
given once weekly and range from 2.5–30 mg.59 The
lower end of this range is useful mainly in elderly
patients with impaired renal clearance, more usual doses
lying in the range 10–20 mg weekly. In cases where
absorption or compliance is questionable, methotrexate
can be given by intramuscular injection. This can also be
helpful when gastrointestinal intolerance occurs.

A regimen which proved successful in a prospective
series of 12 patients with AD is described below.

Metabolism

Methotrexate is rapidly absorbed following oral adminis-
tration.60 The bioavailability varies considerably between

individuals whilst remaining relatively consistent within
individuals.61 Bioavailability after oral administration
tends to diminish somewhat as the dose is increased, pos-
sibly due to saturation of the transport mechanism.62 The
area under the plasma concentration/time curve is lower in
children, suggesting that bioavailability may vary with
age.63 Methotrexate is more rapidly and probably more
completely absorbed if taken while fasting than on a full
stomach.60,64 In plasma, methotrexate is largely (50–70%)
bound to albumin.65 The drug is actively transported into
cells. It then undergoes polyglutamylation which has the
effect of ‘trapping’ methotrexate within the intracellular
compartment. It is this intracellular reservoir which is
metabolically active and this is the reason why methotrex-
ate need only be administered once weekly.

Methotrexate is partially metabolized in the liver to
7-hydroxymethotrexate. Most of the drug is excreted in
the urine within 24 hours of oral or intramuscular
administration, 80% as unchanged drug and 3% as the
hydroxylated metabolite.66 The elimination half-life is
estimated at 7.5 hours.60 The rate of clearance is related
to creatinine clearance which at least partly explains the
reduced clearance rate with increasing age.60 Clearance
increases with increasing body weight. The clearance
rate is some 17% lower in females than males, indicating
that females are at higher risk of toxicity.60 In addition to
filtration by the glomeruli, methotrexate is actively
secreted in the renal tubule.67 Significant amounts of
methotrexate are excreted in bile.68 Enterohepatic circu-
lation takes place so that only a small proportion is elim-
inated via the gastrointestinal tract.

Toxicity and side-effect profile

Common side effects during methotrexate therapy include
nausea and other gastrointestinal disturbances. Splitting
the dose over 2 or 3 days, taking food with the drug, use
of antiemetics, parenteral administration, or addition of
folic acid supplements may ameliorate these effects. 

Bone marrow suppression is a real hazard with
methotrexate therapy. Macrocytosis may be the first
indication of this. Anaemia, leukopenia, thrombocy-
topenia or pancytopenia may develop. When such a
disaster occurs, folinic acid can be used as a rescue ther-
apy to counteract these effects. 

Hepatotoxicity is a major constraint on methotrexate
therapy and requires careful monitoring (see below).

Pulmonary toxicity may manifest as an acute
pneumonitis or as gradual development of fibrosis.
The latter seems to occur more often in the rheumatol-
ogy population than in dermatological patients.
Methotrexate increases plasma homocysteine. Hyper-
homo-cysteinaemia is associated with increased risk of
vascular disease, so this raises the possibility that
methotrexate may also increase risk of vascular disease.
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Figure 18.8 Methotrexate is an analogue of folic acid.
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Monitoring

Prior to starting treatment with methotrexate, screen-
ing is required to exclude hepatic and renal disease.
Haematological monitoring is recommended at weekly
intervals for 4 weeks after initiation of treatment and
after any dose increment.

Monitoring liver enzymes is recommended and often
gives warning of hepatitis but cannot be relied upon in the
long term as on occasions serious degrees of fibrosis may
develop without changes in transaminases. Whilst many
authorities continue to recommend liver biopsy as the only
reliable method of detecting hepatic fibrosis69 the need for
this to be performed on a strictly routine basis has recently
been increasingly questioned.70 Measurement of procolla-
gen type III amino terminal peptide (PIIINP) seems likely
to prove reliable as an indicator of fibrosis.71,72 The study
of hepatic blood flow by dynamic hepatic scintigraphy has
also been proposed as a non-invasive method to detect
liver fibrosis induced by methotrexate.73,74 This technique
detects the changes in hepatic portal blood flow which
accompany fibrosis. 

Drug interactions

There are a wide range of drugs that interact with
methotrexate and increase the toxicity of this drug so
an up-to-date source of reference on drug interactions
should always be consulted when other drugs are pre-
scribed concurrently. 

Nephrotoxic drugs are likely to impair methotrexate
excretion, increasing toxicity. The same effect may result
when drugs are given which inhibit the renal elimination
of methotrexate such as probenecid and penicillins. Non-
steroidal anti-inflammatory drugs, including salicylates,
interact by both these mechanisms. 

Concomitant use of hepatotoxic drugs, notably
ethanol (and probably also retinoids), is likely to result
in additive hepatotoxicity.

Folate antagonists such as trimethoprim and co-
trimoxazole can dangerously potentiate the action of
methotrexate. Other sulphonamides, pyrimethamine
(used in antimalarials), dapsone, and phenytoin also
have this effect.

Displacement of methotrexate from plasma protein
binding is an often cited but less firmly established
mechanism of interaction.75

Clinical experience with methotrexate in
treatment of atopic dermatitis

Methotrexate is used for AD and is considered to be
effective, although there is relatively little published
evidence relating to its efficacy.76

Methotrexate has been reported to be helpful in the
management of pompholyx in adults.77 Doses ranging
from 12.5–22.5 mg weekly led to significant improvement

or clearing in 5 severe cases within 1–2 months. In all these
patients oral corticosteroid therapy was substantially
reduced or eliminated.

Shaffrali et al78 described the use of methotrexate in
a group of 5 elderly patients with severe eczematous
eruptions, one of whom had a lifelong history of AD.
Four of these cases responded well.

Balasubramaniam et al reported successful use of
methotrexate to treat severe and refactory AD in a 50-
year-old woman.79

Goujon et al reported a retrospective series of 20
adult patients suffering from moderate to severe AD,
treated with methotrexate for 3 months to 2.5 years,
with weekly doses ranging from 7.5–25 mg.80 At 3
months of treatment 15 patients had improved and in
13 the improvement was estimated at greater than
70%. Tolerability was reported as generally good,
although 2 patients discontinued the treatment due to
nausea and elevation of liver enzymes.

Recently a prospective series of 12 adult patients
treated with methotrexate for moderate to severe AD
was reported by Weatherhead et al81 Methotrexate was
first administered as a 5 mg test dose, increasing to
10 mg weekly from weeks 2–4, and then increased fur-
ther by 2.5 mg every fourth week up to a maximum of
22.5 mg weekly. The mean SASSAD score fell by 52%
from 35 to 16 over 24 weeks. Most improvement
occurred during the first 12 weeks. Dermatology Life
Quality Index (DLQI) also improved. These data
would suggest that methotrexate may be comparable in
efficacy to ciclosporin and, at 12 weeks of treatment,
possibly more effective than azathioprine. 

Bateman et al recently followed disease progress in a
patient undergoing progressive reduction in the dose of
methotrexate for AD. Association was demonstrated
between levels of allergen specific T cells (reactive to Fel d 1,
a cat allergen) and disease activity (monitored using the
SASSAD), as the disease deteriorated during reduction
of the methotrexate dose. The authors proposed that
methotrexate acts by reducing effector T cells as well as
memory cells retaining the capacity to proliferate in vitro. 

It is interesting to observe that methotrexate is not
infrequently used for treating children with other indi-
cations. It is reported to be helpful in the treatment of
severe childhood asthma,82 arthritis,83 and inflamma-
tory bowel disease.84 Methotrexate has also been used
for severe childhood psoriasis.85

Conclusions

Methotrexate is considered to be effective as a treat-
ment for AD although further data are needed to con-
firm this. This drug has the advantage of being very
familiar to dermatologists. Careful monitoring of bone
marrow and liver function are required and physicians
must remain alert to the numerous potential interac-
tions with other drugs. There is considerable published
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experience of using methotrexate in children for various
indications, although not in atopic dermatitis.

MYCOPHENOLATE MOFETIL

Mycophenolate mofetil is an ester of mycophenolic
acid, a fungal metabolite with cytotoxic properties
(Figure 18.9). It has been developed mainly as an
immunosuppressant for use in renal transplantation
but has found several additional applications, notably
in rheumatoid disease.86 Mycophenolate is occasion-
ally used by dermatologists for treatment of AD (see
below). Other potential indications include psoriasis,87

pompholyx,88 and immunobullous disease.89

Mechanism of action

Mycophenolic acid, the active metabolite of mycopheno-
late mofetil, inhibits inosine monophosphate dehydroge-
nase (IMPDH), especially the type II isoform expressed
in B and T lymphocytes. This enzyme is required for de
novo synthesis of guanosine nucleotides for incorpora-
tion into DNA and RNA. The relatively high activity in
inhibiting the type II isoform of IMPDH found in lym-
phocytes, combined with the relative importance of de
novo synthesis of guanine in lymphocytes, which lack
the alternative salvage pathway active in most other
cells, result in a high degree of specificity for inhibition of
lymphocyte function.90,91 Both T and B lymphocyte
function are suppressed by this drug.91 The activity of
antigen presenting cells may also be suppressed.92

Treatment regimen

Mycophenolate mofetil is most often used at doses rang-
ing from 500 mg to 1 g twice daily. Higher doses (e.g. 1.5 g
twice daily) are also sometimes used but require careful
monitoring to avoid inadvertent marrow suppression. 

Metabolism

Mycophenolate mofetil is the morpholino ester of
mycophenolic acid (Figure 18.9). This ester is rapidly
absorbed with 90% bioavailability. It is a prodrug, and is
immediately hydrolysed by esterases in the gut to
mycophenolic acid, the active compound. Mycophenolic
acid undergoes glucuronidation in the liver. It is excreted
in bile and significant enterohepatic circulation takes
place. The main route of elimination is in the urine, as the
glucuronide. 

Toxicity and side-effect profile

Mycophenolate mofetil is a well-tolerated drug.
The most frequent side effects are gastrointestinal dis-
turbances including nausea, vomiting, abdominal pain,

and diarrhoea. Marrow suppression can occur but is
uncommon at standard doses. There are, of course,
risks associated with immunosuppression and both
malignancies and infections have been reported.
Mycophenolate has proved teratogenic in animal stud-
ies and should be avoided in pregnancy whenever pos-
sible. Neurological events reported during treatment
with mycophenolate have included dizziness, weak-
ness, insomnia, and tremor. Elevation of liver enzymes
has been reported in 2 patients treated for AD but is
not generally regarded as a frequent event.93

Monitoring

Haematological monitoring should be performed on a
weekly basis for 4 weeks, then on alternate weeks for 3
months and monthly thereafter.

Drug interactions 

Aciclovir, ganciclovir and probenecid compete with
mycophenolic acid glucuronide for tubular secretion.
Antacids containing magnesium and aluminium hydroxides
reduce absorption of mycophenolate. Bile acid binding
resins such as cholestyramine interrupt the enterohepatic
circulation of mycophenolate and reduce blood levels.

Simultaneous administration of azathioprine is not
recommended as both drugs inhibit inosine monophos-
phate dehydrogenase. 

Clinical experience in treatment of
atopic dermatitis 

The efficacy of mycophenolate mofetil in AD remains
somewhat controversial. There are several reports of
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cases responding but success has not been universal
and may depend on the severity of the disease. No
controlled studies are yet available. Mycophenolate
is also sometimes used in combination with other
immunosuppressants such as ciclosporin with the aim
of obtaining a dose-sparing effect on these more toxic
drugs. All but one of the published reports of treatment
of AD with mycophenolate have involved treatment of
adults, although there is considerable experience with
the use of this drug in children from other disciplines,
especially in the field of transplantation.

The first report of AD responding to mycophenolate
mofetil was published by Grundmann-Kollman et al
in 1999.94 Two cases responded to daily doses of 2 g.
Satchell et al then raised concern by reporting a patient in
whom initial marked improvement in the eczema was fol-
lowed, during treatment at the dose of 2 g daily, by devel-
opment of staphylococcal septicaemia and endocarditis.95

In a prospective study, 10 adult patients with severe
eczema were treated with 1 g daily for a week, then
2 g daily for 11 weeks.96 The mycophenolate was well
tolerated. Insomnia necessitated a dose reduction in
1 case. The eczema improved and serum IgE levels also
fell. Circulating levels of IL-10 were also reduced whilst
levels of interferon-γ increased.

Benez et al reported responses which were main-
tained during long-term treatment in 3 cases using
doses of 1–2 g daily for 12–29 months.97

Grundmann-Kollmann et al then reported an addi-
tional 10 patients, treated with 1 g twice daily for 4
weeks, followed by 500 mg bd for 4 weeks. Seven
patients responded well, 2 improved then relapsed and
1 was withdrawn after initial improvement due to her-
petic retinitis.98

In a Korean study, 7 patients with moderate to severe
disease were treated with mycophenolate mofetil 2 g
daily for 6 weeks and followed up for another 6 weeks.
Six of the 7 patients finished the treatment courses.
Symptoms and signs were significantly improved and
no severe side effects were observed. During the follow-
up period, patients were treated with topical steroids
and oral antihistamine and no flares occurred.99

In an American report, Murray et al retrospectively
reviewed a series of 20 adults treated for AD with
mycophenolate mofetil using doses from 1–3 g/day.
Treatment duration extended from 4–200 weeks.
Seventeen were reported to improve within 4 weeks.
Most patients tolerated the treatment well although
4 developed episodes of herpes zoster and others
reported gastrointestinal side effects, fatigue, anorexia,
and headache.

In the first report of the use of mycophenolate
mofetil in childhood AD, Heller et al described the
results in a retrospective series of 14 patients aged
2–16. Initial doses ranged from 12–40 mg/kg/day,

divided into 2 doses. Doses were titrated upward
until patients achieved remission or reached a dose
of 75 mg/kg/day (with a 3 g daily maximum). Four
achieved complete clearance, 4 had more than 90%
improvement whilst only 1 failed to respond at all. The
treatment was well tolerated in all cases.

In contrast to these reports, Hansen et al reported
5 severe cases which failed to respond to mycopheno-
late mofetil 1–1.25 g twice daily after 4–12 weeks.100

It has been suggested that the failure of these patients
to respond may have been related to exceptional dis-
ease severity.101

The author has not found mycophenolate mofetil
very helpful in very severe adult cases of AD at doses of
2–3 g daily. However, the drug has been very well toler-
ated. Gastrointestinal disturbances, especially diar-
rhoea, have occasionally been troublesome.

Conclusions

The place of mycophenolate in the treatment of AD
remains to be established. Efficacy may be limited but
mycophenolate is generally well tolerated and is proba-
bly the least toxic of the drugs described in this chapter. 
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INTRODUCTION

Two topical calcineurin inhibitors (TCIs), tacrolimus,
and the ascomycin derivative pimecrolimus, have been
developed for the treatment of atopic dermatitis (AD).
Tacrolimus ointment (0.03%, 0.1%) and pimecrolimus
cream (1%) are now commonly regarded as effective
therapies for AD, and both compounds have been
approved by the authorities of many countries for the
treatment of this disease. Tacrolimus ointment is mar-
keted with the tradename Protopic®, and pimecrolimus
cream mainly with the tradename Elidel®. Other trade-
names for topical pimecrolimus include Aregen®,
Isaplic®, Rizan®, Ombex®, and Velov®. The indication
for both tacrolimus ointment and pimecrolimus cream
is treatment of AD not responsive to first-line treatment
with corticosteroids, or when corticosteroids are con-
traindicated. In most countries the indication of
tacrolimus ointment is for moderate to severe AD from
the age of 2 years on, and for pimecrolimus cream for
mild to moderate AD, also from the age of 2 years on.
The indication for the use of these compounds in AD is
until clearance of the lesion, and restarting the treat-
ment when new symptoms occur. 

In the present chapter we will focus on the preclini-
cal and clinical data on tacrolimus ointment and pime-
crolimus cream. While the data on short-term
management of AD are abundant, optimal long-term
management of AD with the TCIs is still under study.
Therefore, strategies for the long-term use of these
compounds will be discussed. In addition, we will dis-
cuss the use of TCIs in skin diseases other than AD. 

ORIGIN OF CALCINEURIN INHIBITORS

Ciclosporin was the first calcineurin inhibitor to be used
in AD. Oral treatment was effective in placebo-
controlled trials, although the treatment was usually

combined with topical corticosteroids.1,2 Early attempts
to develop a topical formulation with ciclosporin
showed promise in animal models of allergic contact
dermatitis, whereas no efficacy was noted in suppres-
sion of human allergic contact dermatitis (Figure 19.1).3

However, a topical 10% ciclosporin gel showed weak
efficacy in AD.4,5 Today, topical ciclosporin formula-
tions are used for atopic eye disease.6

Figure 19.1 Ciclosporin (CyA) does not supress a
dinitrochlotobenzene (DNCB) challenge reaction in an
individual presensitized with DNCB.

Key:

AP1, activator protein-1 transcription factor;
CanB, calmodulin B; DAG, diacylglycerol;
Ca2+, ionic calcium;
FKBP12, tacrolimus/pimecrolimus-binding protein 12;
IL-2, interleukin-2; IP3, inositol triphosphate;
mRNA, messenger ribonucleic acid;
NFAT, nuclear factor of activated T cells; P, phosphate
group; PKC, phosphokinase C; PLCγ1, phospholipase Cγ1;
TCR-complex, T-cell receptor complex.
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In contrast to ciclosporin, topical tacrolimus was effec-
tive in an identical model of suppression of human, aller-
gic contact dermatitis as used earlier for ciclosporin7

(Figure 19.2). Topical tacrolimus ointment also proved to
be effective in AD.8,9 Compared to ciclosporin, tacrolimus
has a lower molecular weight and a higher specific activity
both in vitro and in vivo.10 Both ciclosporin and

tacrolimus are natural products. Ciclosporin was isolated
from a fungus, whereas tacrolimus was isolated from the
fungus-like bacteria Streptomyces tsukubaensis.11

Ascomycin is an antifungal compound isolated from S.
hygroscopicus var. ascomyceticus.12 It shows a close rela-
tionship to tacrolimus. Pimecrolimus is a semisynthetic
derivative of ascomycin13 (Figure 19.3). In addition to the
topical form, oral pimecrolimus has shown promise in the
treatment of AD in a clinical study.14 In addition to pime-
crolimus, several other ascomycin derivatives have been
tried in animal models.15 So far none of them have been
developed for treatment of human disease.

MODE OF ACTION OF TOPICAL
CALCINEURIN INHIBITORS

Tacrolimus and pimecrolimus both bind with a different
affinity to the same cytosolic immunophilin receptor (FK
binding protein-12 or macrophilin-12).16 In contrast,
ciclosporin recognizes a different cytosolic receptor
named cyclophilin.17 The macrophilin complex formed
either with tacrolimus or pimecrolimus inhibits a cal-
cium-dependent serine-threonine phosphatase defined as
calcineurin (Figure 19.4). Thereby, dephosphorylation,
and nuclear translocation of a cytosolic transcription fac-
tor, the nuclear factor of activated T-cell protein
(NFATp), is inhibited.18 As a consequence, the produc-
tion of cytokines such as interleukin-2 (IL-2), IL-4, IL-8,
tumor necrosis factor alpha (TNFα), interferon gamma
(IFNγ), and granulocyte-macrophage colony-stimulating
factor (GM-CSF) is blocked resulting in the inhibition of
TH1-lymphocyte as well as TH2-lymphocyte activation.

Figure 19.2 Topical tacrolimus (FK506) suppresses
DNCB challenge reaction in an individual
presensitized with DNCB. Photo by Antti Lauerma.
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Figure 19.3 Molecular structures of tacrolimus, ascomycin and pimecrolimus.
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Moreover, topical pimecrolimus produces anti-
inflammatory effects by downregulating IL-5, IL-10, and
IL-13 both in CD4+ and CD8+ T cells.19 Pimecrolimus
also diminishes the number of CD1+ inflammatory epi-
dermal dendritic cells from the epidermis.19,20 Both topi-
cal tacrolimus and pimecrolimus induce apoptosis in
cutaneous T lymphocytes but not in Langerhans cells.20,21

In addition, the release of mast cell mediators such as his-
tamine is also inhibited by tacrolimus and pime-
crolimus.22,23 Pimecrolimus, as known so far, is unable to

alter the function of dendritic cells such as costimulatory
molecule expression or the capacity to stimulate T-lym-
phocyte proliferation.24 In contrast to corticosteroids,
topical application of pimecrolimus does not affect the
density of epidermal Langerhans cells.25 Tacrolimus
inhibits cytokine production from eosinophils, mast cells,
and basophils, and reduces the capacity of Langerhans
cells to activate T cells (reviewed in Alomer et al26).
Tacrolimus was found to alter certain functions of
Langerhans cells, and inflammatory dendritic epidermal
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Figure 19.4 T-cell activation (a) and inhibition of calcineurin activation (b). Inhibition of calcineurin activation
prevents translocation of NFAT within the nucleus.
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Key:

AP1, activator protein-1 transcription factor; CanB, calmodulin B; DAG, diacylglycerol; Ca2+, ionic calcium;
FKBP12, tacrolimus/pimecrolimus-binding protein 12; IL-2, interleukin-2; IP3, inositol triphosphate; mRNA, messenger
ribonucleic acid; NFAT, nuclear factor of activated T cells; P, phosphate group; PKC, phosphokinase C;
PLCγ1, phospholipase Cγ1; TCR-complex, T-cell receptor complex.
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cells (IDEC), such as the expression of the high-affinity
receptor for IgE (FcεRI).27 On the inflammatory epider-
mal and dermal cells of the skin, tacrolimus shows oppos-
ing effects to corticosteroids. In Langerhans cells, in vitro,
tacrolimus downregulates the expression of FcεRI; in
contrast, betamethasone upregulates its expression.28

The downregulation of FcεRI is of potential clinical sig-
nificance in the therapy of AD. It is not known whether
the action of tacrolimus on FcεRI depends on NFATp. In
an in vivo intervention study of AD with topical
tacrolimus, an increased proportion of CD1a+ cells in the
epidermis of AD lesions decreased to normal during clinical
improvement with tacrolimus ointment.29 The CD1a+ pop-
ulation consisted of Langerhans cells and IDEC. The
decrease in CD1a+ cells was mainly due to a decrease in
IDEC, and not Langerhans cells, suggesting a normalization
in the function of dendritic cells by tacrolimus treatment. 

The in vivo anti-inflammatory capacity of tacrolimus
and pimecrolimus has also been investigated in animal
models of contact dermatitis. Both compounds were able
to block the elicitation phase of allergic contact dermatitis.
In vivo animal studies have shown that pimecrolimus, in
contrast to tacrolimus, had no effect on the sensitization
phase of allergic contact dermatitis, and thus apparently
does not impair the primary immune response. This has
been further supported by a variety of other animal models
of immune-mediated diseases. Using a localized rat model
of ‘graft-versus-host disease’ (GvhD), pimecrolimus was
significantly less effective than tacrolimus. In another rat
model of kidney transplantation, pimecrolimus again was
less effective in preventing graft rejection when compared to
tacrolimus or ciclosporin. Moreover, upon investigation of
the effect on T-helper cell assisted B-cell activation in rats,
pimecrolimus turned out to be significantly weaker when
compared to tacrolimus.26,29 The atopy patch test (APT) is
regarded as a human model of induction of eczema in
patients with AD. Environmental antigens cause a T-cell
mediated response visible as an eczematous reaction. In
this model, pre-treatment with both tacrolimus and pime-
crolimus failed to suppress the APT.30,31 

Potentially the greatest advantage of the TCIs in the
treatment of AD is their lack of atrophogenicity, which
makes long-term treatment possible when needed. In
contrast to glucocorticosteroids TCIs do not suppress
collagen synthesis by fibroblasts.32,33

POTENTIAL SYSTEMIC EXPOSURE BY
TOPICAL CALCINEURIN INHIBITORS 

The question of potential systemic exposure is one major
concern in any case of the development of a novel com-
pound for topical application. Therefore, the capacity of
pimecrolimus to penetrate into, and to permeate
through, the skin was investigated in vitro using human

cadaver skin, compared to corticosteroids or tacrolimus.
Accordingly, the amount of pimecrolimus penetrating
into the skin was similar to that of corticosteroids or
tacrolimus. However, pimecrolimus was observed to
permeate significantly less through skin compared to
corticosteroids or tacrolimus.34 Therefore, one may sug-
gest that following the topical application of pime-
crolimus, the risk of systemic exposure, and the ultimate
possibility of systemic side effects, are most unlikely.
This has been supported by several pharmacokinetic
studies which proved that after topical use of pime-
crolimus in patients with AD, serum concentrations were
equally low regardless of the age, severity of disease, and
body area treated. In 99% of the samples tested, concen-
trations were below 2 ng/ml, which is far below the level
of 10–15 ng/ml required for a systemic anti-inflammatory
activity.35 Serum concentrations of pimecrolimus in this
range did not cause toxic adverse events as has been
shown in several clinical trials.36 Although the metabo-
lism of pimecrolimus in the skin has not yet been care-
fully, investigated, it might be assumed that it is removed
by desquamation. In contrast, serum tacrolimus levels
after topical application were detected more frequently
following topical application in patients with AD.
However, usually these levels were low and transient
because circulating tacrolimus was no longer detectable
upon improvement of skin barrier function after short-
term treatment.9,37 The reason for the observed differ-
ences between tacrolimus and pimecrolimus, however, is
not completely understood. Possible explanations may
be the different structure, and differences in lipophilicity,
as well as content of lipophilic groups of these com-
pounds. Taken together the potential of systemic expo-
sure by TCIs is low with the exception of some patients
with severe genetic barrier defects in their skin, namely
patients with Netherton syndrome.38

CLINICAL STUDIES OF ATOPIC DERMATITIS
WITH TOPICAL CALCINEURIN INHIBITORS

Both tacrolimus and pimecrolimus have been developed
for the topical treatment of AD and approved for this
indication in many countries around the world.
Tacrolimus is available as 0.03% and 0.1% ointment
whereas pimecrolimus currently is available as 1%
cream. In most counties tacrolimus is approved for the
treatment of moderate and severe cases of AD in adults,
and children < 2 years old. In Europe and the United
States, pimecrolimus has been approved for the treat-
ment of mild and moderate cases of AD in adults, and
children under 2 years of age. However, in some other
countries pimecrolimus is approved for the therapy of
AD regardless of age and severity of the disease. Many
clinical studies have been performed demonstrating that
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both compounds are highly effective in the treatment of
AD. We now briefly summarize the available experience
of tacrolimus and pimecrolimus in the short-term as
well as long-term management of infants, children, and
adults suffering from AD. 

Short-term studies with tacrolimus ointment

Placebo-controlled studies

The first placebo-controlled clinical study in 13–60-
year-old patients with AD has clearly shown that after 3
weeks of treatment with tacrolimus ointment in 3 differ-
ent concentrations (0.03%, 0.1%, and 0.3%) a signifi-
cant improvement of pruritus and eczematous lesions
has been noted.9 These findings were confirmed by sev-
eral subsequent studies using 3–12-week treatment pro-
tocols for patients with moderate and severe disease.
Accordingly, ~70% of the patients experienced at least
a 75% improvement of their symptoms (reviewed in
Quelle-Roussel et al33). Compared to placebo, both
0.03% and 0.1% tacrolimus were more effective. 

Tacrolimus versus topical corticosteroids

Tacrolimus ointment has been compared to topical
corticosteroids in several short-term controlled studies
of a few weeks. In adult patients with moderate to
severe AD, 0.1% tacrolimus ointment was as effective
as hydrocortisone butyrate 0.1% ointment, whereas
0.03% tacrolimus were less effective.39 In a similar
study in children of 2–15 years of age, both 0.1% and
0.03% tacrolimus were more effective than 1% hydro-
cortisone acetate ointment.40 In all previously men-
tioned studies tacrolimus ointment was used twice
daily. In one study in children once-daily to twice-daily
treatments of 0.03% tacrolimus ointment were com-
pared. In addition one patient group had 1% hydrocor-
tisone acetate twice daily. Both tacrolimus groups
showed better efficacy than the hydrocortisone group.41

Patients with moderate disease had similar results with
once- or twice-daily treatment. In contrast patients with
severe disease showed better efficacy with twice-daily
treatment.41 In recent studies tacrolimus ointment has
been compared in adults and in children to 0.005% flu-
ticasone pivalate ointment, and in children with severe
AD having an acute flare to 0.1% methyl prednisolone
aceponate ointment. In these studies 0.1% tacrolimus
ointment was superior to 0.005% fluticasone ointment
in adults, whereas 0.03% ointment was similar to fluti-
casone pivalate ointment in children.42,43 Mometasone
furoate 0.1% ointment was superior to tacrolimus oint-
ment 0.03% for clinical score, itch, and adverse events,
although the success rate of treatment was similar with
the two treatments.44

Tacrolimus ointment versus
pimecrolimus cream

In a multicentre, randomized, investigator-blinded, 6-
week study (n = 1065), the efficacy and safety of
tacrolimus ointment (0.1%) was compared to pime-
crolimus 1% cream in adult and paediatric patients.
Tacrolimus was more effective than pimecrolimus in
adults and children with moderate/severe AD, and at
week 1 with mild AD. Tacrolimus was also superior
with respect to itch scores and onset of action, while no
differences were observed concerning unexpected side
events.45,46 Taken together, these studies have provided
convincing evidence that the application of tacrolimus
ointment for the treatment of AD in adults as well as
children after a short time of 3–7 days results in a sig-
nificant improvement of any disease-specific signs and
symptoms such as pruritus as well as eczema.

Long-term studies with tacrolimus ointment

Safety and efficacy

The impressive efficacy of short-term treatment was the
rationale for performing long-term studies to confirm
the efficacy and safety of tacrolimus ointment for the
long-term management of AD. In a multicentre, open-
label non-comparative trial, a total of 316 patients
aged 18 years and older with moderate to severe AD,
200 patients (for 6 months) and 116 (for 12 months)
were enrolled. Patients were instructed to apply 0.1%
tacrolimus ointment twice daily on all affected skin
areas (5–60%) until 1 week after complete clearance.
The additional use of emollients without any active
compound was allowed.47 Efficacy end points included
a combined score based on a modified Eczema Area
and Severity Index (EASI) as well as an investigator’s
global assessment.47 Safety assessments included moni-
toring of adverse events, clinical laboratory values, and
tacrolimus blood concentrations. The study was com-
pleted by 77.5% of the patients and within the first
week of treatment most of them experienced a signifi-
cant amelioration of the symptoms. A further increas-
ing improvement was noted until month 3 after
treatment, which in most cases lasted until the end of
the study. The mean EASI score was 23.7 at the begin-
ning of the study, which decreased to 13.5 at week 1,
and finally was 6.1 after 6 months or 12 months,
respectively. After 12 months excellent improvement
(≥ 90%) or clearance of the symptoms was reported in
68.2% of those patients. An improvement (≥ 50%) was
noted in 90.9% of the cases. Laboratory parameters
did not change significantly during the study period.
Systemic exposure was low and the maximal blood
concentrations of tacrolimus remained below 1 ng/ml
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in 76% of patients. Local adverse events such as burn-
ing sensation (47%) were common but usually only
upon initiation of the treatment. 

In a more recent 6-month study of 972 adults with
moderate to severe AD, tacrolimus 0.1% ointment was
compared to corticosteroid treatment, 1% hydrocorti-
sone acetate for the face, and 0.1% hydrocortisone
butyrate for other areas.48 The corticosteroid treatment
arm was regarded as the conventional type of treatment
for AD. In this study tacrolimus ointment was superior
in efficacy throughout the treatment time. Safety results
were also similar in that the number of viral and bacte-
rial infections diminished during the treatment. During
the first months however, there were more herpes sim-
plex and bacterial infections in the tacrolimus arm.
After month 4 both infections were uncommon. These
patients were further studied in a 2-year follow-up
study.49 The number of herpes simplex infections went
down further. There are now several 4-year safety stud-
ies with tacrolimus ointment which all suggest good
long-term tolerability both in adults and in chil-
dren.50,51 Several safety studies in children with dura-
tion from 6 months to 4 years suggest that the safety is
equally good both when 0.03% and 0.1% ointment are
used.50–53

In contrast to topical corticosteroids during long-
term treatment with tacrolimus ointment no tachyphy-
laxis has been observed. The excellent long-term
efficacy of tacrolimus ointment for the treatment of AD
in children as well as adults has been supported by a
variety of other clinical studies. Moreover, several have
proven that the long-term application of tacrolimus
ointment in infants, children and adults with AD results
in a significant improvement of their quality of life.54

Pharmacokinetics of topical tacrolimus

It is well known that following the systemic application
of tacrolimus severe side effects such as nephrotoxicity
and hypertension may occur at plasma levels ≥ 5 ng/ml.
Therefore, tacrolimus plasma levels in patients treated
with tacrolimus ointment have been monitored very
carefully in many clinical trials. The results from dif-
ferent studies, involving a total number of 1057
patients, demonstrate that in 67.1% of the patients
tacrolimus plasma levels remained below the level of
quantification of 0.5 ng/ml. Low levels were detected
in 19.7% (0.5–1 ng/ml) and 9.2% (1–2 ng/ml) of the
treated atopic patients. High levels were found in
3.7% (2–5 ng/ml) and 0.4% (≥ 5 ng/ml).33 In selected
patients with a barrier dysfunction, as in Netherton
syndrome for example, extremely high blood concen-
trations (up to 20 ng/ml), which are known to possibly
cause systemic adverse events, have been reported.37

Despite these rare cases, systemic exposure after topical

application of tacrolimus is very low. Usually, it is no
longer detectable as soon as the eczema vanishes, and
when the epidermal barrier function has improved.
Moreover, there is no evidence for systemic accumula-
tion resulting in adverse side effects following the long-
term treatment with tacrolimus ointment.40

Adverse events after tacrolimus treatment

The safety and tolerability of tacrolimus ointment has
been investigated carefully in many children and adults
with AD. Usually the treatment was reported to be well
tolerated. The most common local adverse event was a
sensation of burning, which occurred in 29.9% of the
children and 46.8% of the adults. Transient itching
was noted in some children (23.1%) and adults
(25.8%). In the majority of these cases, local adverse
events were only noted during the first few days of
treatment. Generally, they were mild to moderate.33 It
was also noted in long-term studies that the risk of
developing folliculitis or acne may be increased in some
young adults.33 An increased rate of bacterial skin
infections could only be observed in one long-term
study during the first months of treatment.51 In the sub-
sequent months the incidence of bacterial infections
was reduced. Interestingly, a decreased colonization
with Staphylococcus aureus in the eczematous skin
lesions was observed.55 This decrease was already
detectable within the first week of treatment and lasted
throughout the time period of 1 year. Since tacrolimus
exerts direct antimicrobial activity only on selected
fungi, e.g. Malassezia furfur,56 this effect could be due
to a normalization of the innate immunity in the skin.
Accordingly, it has recently been shown that skin
lesions of patients with AD have an impaired capacity
to produce antimicrobial peptides such as defensins
and cathelicidins.57–63 This downregulation appears to
be due to a predominant TH2 immune response in
atopic individuals, since TH2 cytokines such as IL-4
and IL-13 were found to inhibit the production of
antimicrobial peptides. Therefore, tacrolimus, by
inhibiting TH2 cytokines, may upregulate the produc-
tion of antimicrobial peptides, which ultimately leads
to a decreased colonization of microbial agents. A long-
term study on recall antigen reaction showed that treat-
ment of AD with tacrolimus ointment results in
restoration of recall antigen reactions, which can be
interpreted as a restoration of TH1-type immunity and
hence control of TH2 cytokines.64

Restoration of collagen synthesis
by tacrolimus monotherapy

The limiting factor of long-term treatment with topical
corticosteroids is skin atrophy. Many investigations
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have been performed to evaluate the effect of tacrolimus
on fibroblast collagen formation, among them a ran-
domized, double-blind study in 14 patients with AD
and 12 healthy volunteers. Tacrolimus (0.03% and
0.1%), betamethasone valerate, and a vehicle control
were applied to the abdominal skin under occlusion.
After 1 week, skin thickness was evaluated, and the con-
tent of procollagen peptides was measured in suction
blister fluids. Betamethasone valerate-treated areas
showed a decrease of carboxy-terminal propeptides of
procollagen I (17%), amino-terminal propeptides of
procollagen I (17.6%), amino-terminal propeptides
of procollagen III (39.5%), and a reduction in skin
thickness. In contrast, tacrolimus had no effect on pro-
collagen propeptide production, and caused no reduc-
tion of skin thickness.32

The absence of skin atrophy is a major advantage of
tacrolimus and has been confirmed also in long-term
studies.65 Long-term monotherapy of 12 months with
tacrolimus ointment restored collagen synthesis and
thus reversed skin atrophy. Interestingly, patients with
AD and bronchial asthma requiring treatment with
inhaled corticosteroids had very low collagen synthesis
at baseline. However, treatment with tacrolimus
monotherapy restored their collagen synthesis, although
these patients continued their treatment with inhaled
corticosteroids throughout the study, suggesting a pro-
tective effect of tacrolimus on the skin.

Tacrolimus ointment and skin cancer

The use of systemic immunosuppressants is associated
with an increased incidence of UV-induced skin can-
cer.66,67 Therefore, it was crucial to evaluate the poten-
tial risk of developing skin cancer following the topical
application of tacrolimus. According to several pieces
of evidence, the potential of tacrolimus ointment to
cause skin cancer appears to be rather low. This is also
supported by the observation that no commentary of
skin cancer has been reported associated with the appli-
cation of tacrolimus ointment after more than 5 years
of clinical experience.68 In animal studies it was
demonstrated that tacrolimus is capable of inhibiting
the development of phorbol ester-induced skin
tumours.69 Tacrolimus was also found to inhibit the
activation of the tumour growth factor beta-1 receptor
(TGFβ1R) which plays an important role in wound
healing and tumour formation.70 Recently, it has been
shown that tacrolimus as well as pimecrolimus are able
to inhibit the UV-induced thymidin-dimer formation,
and thus prevent DNA damage.71 There is also evi-
dence for tacrolimus being able to prevent ker-
atinocyte apoptosis. However, the question of tumour
formation following long-term treatment with topical
tacrolimus cannot be answered beyond doubt at present.

Therefore, concomitant UV therapy should be avoided
and the patients should be instructed to take UV-
protective measure.72

Short-term studies with pimecrolimus cream

Pimecrolimus versus placebo

The efficacy of pimecrolimus 1% cream for the treat-
ment of AD in adults, children, and infants has been
proven in several clinical studies.73–75 In a proof of con-
cept study in adults with moderate AD, pimecrolimus
1% cream was applied in comparison to vehicle once
or twice daily for a period of 3 weeks. The twice-daily
application resulted in a 71.9% improvement of the
eczematous lesions, whereas an improvement rate of
only 37.7% was observed in lesions which were treated
once daily. In areas treated with vehicle, the mean
improvement was 10.3% or 6.2%, respectively.73

Since no significant drug-related side effects were
observed in this study, pimecrolimus cream was
applied twice daily in any of the following studies. 

Pimecrolimus versus corticosteroids

In a randomized, double-blind, multicentre study, 260
patients with AD were treated for 3 weeks with pime-
crolimus cream at different concentrations (0.05%,
0.2%, 0.6%, and 1.0%), vehicle cream, or 0.1%
betamethasone 17-valerate cream for dose-finding.
According to this study, pimecrolimus 1% cream was
most effective with a median EASI decrease of 47%.
Betamethasone valerate treatment resulted in a median
percent change from baseline of 78%. Furthermore,
pruritus was shown to be effectively controlled by
pimecrolimus within 1 week of treatment. Of note, no
serious adverse events were obtained in any of the
treatment groups, and a transient burning or a feeling
of warmth in the treated areas was the most commonly
reported side effect.74

To further evaluate the efficacy and safety of a twice-
daily application of pimecrolimus 1% cream in chil-
dren (2–17 years) and infants (3–23 months) with mild,
moderate, or even severe AD, several multicentre clini-
cal trials have been performed (reviewed in Breur et al75).
A total of 403 children and 186 infants were included in
these studies. After 6 weeks of treatment in a double-
blind phase, patients were continued on an open-
labelled 20-week extension phase. Both in children and
infants, pimecrolimus 1% cream in comparison to
vehicle proved to be highly effective in improving
eczema as well as pruritus after only 8 days of treat-
ment. Treatment was well tolerated and no increased
incidence of side effects, including viral or bacterial
infections, was reported.76 Therapeutic effects were
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independent of ethnic origin and disease severity.77

These results were confirmed in a recent double-blind
study. During a 4-week period of treatment, pime-
crolimus cream reduced the mean eczema area and
severity index by 71.5% as compared to an increase by
19.4% in the vehicle control group. The eczema reduc-
tion was statistically significant at day 4. At this time,
significant improvements of sleep loss and pruritus
were observed.78 A significant improvement of pime-
crolimus on sleep disturbances was also observed by
others.79 Another study in infants (n = 250) and chil-
dren (n = 711) clearly supports the observation of pime-
crolimus 1% cream being a safe and effective therapeutic
option in children and infants. Of note, significantly
more patients in the pimecrolimus group were main-
tained without glucocorticoid therapy.80

Long-term studies with pimecrolimus cream

The efficacy of pimecrolimus in the topical long-term
management of AD has been investigated in several
studies with a 6- or 12-month follow-up.76 In several
multicentre, randomized, double-blind studies 192
adults,81 713 children (2–17 years of age),82 and 250
infants (3–23 months of age)83 were enrolled. Patients
were randomized to apply twice-daily pimecrolimus
cream or vehicle cream (conventional therapy) upon
the first signs of a flare (itching, erythema). In the case
of uncontrolled flare, patients of both groups were
allowed to use moderately potent topical cortico-
steroids until clearing. After 6 as well as 12 months, of
treatment, significantly fewer infants in the pime-
crolimus group (67.6%) developed a severe flare
requiring corticosteroids, as compared to the conven-
tional therapy group (30.4%).

The efficacy of the pimecrolimus treatment in infants
was also reflected by a significant EASI reduction of
61.8% after 6 weeks and > 80% after 12 months.82

Similar results were obtained with children, since after
6 months of treatment with pimecrolimus significantly
more children remained without any flare (61%) in
comparison to the control group (34.2%).81 In a recent
study, the long-term control of AD with pimecrolimus
cream was further investigated in infants and young
children for 1 year (n = 91) or 2 years (n = 76). While no
patients had to discontinue therapy because of side
effects, treatment was safe and well tolerated.
Interestingly, the incidence of systemic and skin infec-
tions including eczema herpeticatum (n = 2) was not
statistically significant.84,85 Among adults, 45% of the
pimecrolimus-treated patients but only 18.8% in the
vehicle group experienced no flare during the treatment
period of 6 months.76 The mean time until the first flare
was 144 days in the pimecrolimus group, while it was
26 days in the vehicle group, and thus 5 times faster.81

In any of these long-term studies a significant
improvement of pruritus was observed as early as after
2–4 days of pimecrolimus application.82 Moreover,
several studies have shown that pimecrolimus treat-
ment has a significantly greater beneficial effect on the
quality of life in patients with AD.81 These studies pro-
vide evidence that pimecrolimus 1% cream is effective
for the treatment of mild, moderate, and severe AD in
adults as well as children and infants. Moreover, there
is clear evidence that lesions in the face and neck —
which are often difficult to treat — respond even better
to pimecrolimus treatment than eczematous lesions in
other areas of the body.77 Pimecrolimus was safe and
well tolerated during the entire study period, no clini-
cally relevant drug-related systemic events occurred
and no significant difference between treatment groups
in terms of infections and application site reactions
were observed. In addition, there was no evidence of
systemic immunosuppression according to a compara-
ble response to recall antigens. Thus, treatment with
pimecrolimus 1% cream is safe and effective in the top-
ical long-term management of AD (Figure 19.5).

Pharmacokinetics of pimecrolimus cream

Accordingly, in adults and children as well as infants,
pimecrolimus blood concentrations after topical appli-
cation were usually below the level of verification
(> 0.5 ng/ml or > 0.1 ng/ml). Pharmacokinetic studies
have further been performed in 52 adults and 58 pae-
diatric patients aged from 3 months to 14 years with
moderate to severe AD.73,86 The body surface area
(BSA) affected ranged from 10 to 92% and in most
patients ≥ 40% BSA was affected at baseline. In this
study, pimecrolimus 1% cream was applied twice daily
for 3 weeks or 1 year, respectively, and pimecrolimus
blood concentrations were evaluated at different time
points. In all patients, blood concentrations were con-
sistently low (99% < 2 ng/ml) regardless of the age,
severity, extent of the skin area treated, and the dura-
tion of therapy.73 In adults, blood concentrations
ranged from < 0.5 to 1.4 ng/ml and in children from
< 0.1 to 2.6 ng/ml. During the 1-year extension period,
no accumulation was observed and only a minimal
increase was detected with rising BSA during treat-
ment. In children, the highest concentration measured
was 2.6 ng/ml.73,86 This is significantly below the
blood levels of ≥15 ng/ml which are required for sys-
temic immunomodulation in patients with psoriasis or
AD. Moreover, these blood concentrations did not
cause any detectable toxicity during the study period
of 12 weeks.88

Recently, the low risk of systemic exposure after
topical treatment with pimecrolimus was confirmed by
case reports demonstrating very low blood levels in
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children with Netherton syndrome. Treatment of the
total body surface area with pimecrolimus 1% cream
resulted in a significant improvement of the eczematous
skin lesions within a few days. However, in contrast to
tacrolimus, blood levels in these patients remained low,
between 1.5 and 2 ng/ml, and no accumulation was
detected even after 3 months of daily application.87,89,90

These findings indicate that the risk of systemic adverse
events due to systemic exposure is negligible. This has
been supported by the data of different long-term stud-
ies indicating no signs of systemic toxicity, immuno-
suppression, local or systemic infections.81–83 In
summary these studies showed that pimecrolimus has
an excellent safety profile and was well tolerated
locally and systemically. 

Adverse events with pimecrolimus cream

The most frequently observed local adverse events fol-
lowing the topical application of pimecrolimus cream
are burning and a feeling of warmth. In most cases
these sensations were regarded as mild and transient,
lasting only 1–3 days. The incidence of these local

effects also seemed to be dependent on the age of the
patients, as burning occurred in 2.5% of the infants,
10.5% of the children, and 14.6% of the adults during
the first days of pimecrolimus application.81–83 In addi-
tion the severity of disease plays a role in the incidence
of these adverse events. According to recent data the
burning sensation following the topical application of
TCIs appears to be due to the release of preformed neu-
romediators from primary afferent nerve endings.
Accordingly, a depletion of substance P, which is
known to cause burning, was observed in cutaneous
nerves following the application of both tacrolimus and
pimecrolimus.91–93 Alcohol intake also may show ery-
thema and a burning sensation of the skin both after
pimecrolimus and tacrolimus treatment. 

Pimecrolimus and cancer

In several clinical studies the potential risk of an
increased incidence of skin infections following the topi-
cal application of pimecrolimus has been carefully inves-
tigated. As a result of these investigations long-term
application of pimecrolimus 1% cream is not associated

a

b

Figure 19.5 (a) AD before (left), and 10 days after treatment with pimecrolimus 1% cream twice daily (right).
(b) AD before (left) and after treatment with tacrolimus 0.1% cream twice daily (right).
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with a significantly increased risk for the development of
fungal bacterial or viral skin infections.81–83 Although
treatment with pimecrolimus as well as tacrolimus was
associated with a slight but not significant increase of
local viral infections – mainly herpes simplex infections
of the skin – in none of these cases have serious compli-
cations been reported, and they responded well to the
conventional antiviral treatment.5 However, the current
recommendation is to stop treatment with TCIs until
total clearance of the viral infection. Surprisingly the
incidence of bacterial infections was found to be
decreased during the application of pimecrolimus or
tacrolimus, respectively. Since neither of these two com-
pounds has a direct antibacterial activity, this effect most
likely is due to a normalization of the innate defence
which is known to be impaired in atopic individuals.
This is supported by a recent report indicating that due
to the increased production of TH2 cytokines such as
IL-4 and IL-13, the production of antimicrobial peptides
is downregulated. Thus, topical anti-inflammatory treat-
ment causing a downregulation of TH2 cytokine pro-
duction results in an upregulation of antimicrobial
peptide production and subsequently to decreased
microbial colonization of the skin.48

There is concern that topical treatment with cal-
cineurin inhibitors may impair the outcome of vaccina-
tion in infants and children. However, there is also
evidence that the capacity to respond to vaccination
with an appropriate antibody production is not affected
upon treatment with pimecrolimus. Accordingly, pime-
crolimus does not affect the function and migration of
antigen-presenting dendritic cells and thus will not
impair the primary immune response. This is supported
by the finding in an animal model that – in contrast to
ciclosporin A or tacrolimus – the systemic application of
pimecrolimus after immunization did not diminish the
production of specific IgM or IgG.92 In order to further
support this assumption, clinical trials are currently
under investigation.84

In contrast to corticosteroids, neither tacrolimus nor
pimecrolimus affects collagen synthesis, and therefore
in animal models as well as in humans they do not
cause skin atrophy even after long-term application.
Accordingly, in 16 healthy volunteers the atrophogenic
potential of pimecrolimus was compared to that of
betamethasone 17-valerate 0.1%, triamcinolone ace-
tonide, and the corresponding vehicles. After 4 weeks,
the twice-daily application of pimecrolimus cream did
not reveal any signs of skin atrophy. In contrast, corti-
costeroids caused a significant reduction in skin thick-
ness from day 8 onwards as shown by sonographic
evaluation as well as histological analysis.33

The use of systemic immunosuppressants such as
ciclosporin A is well known to be associated with an
increased risk for the development of UV-induced skin

cancer. The long-lasting experience with topical corti-
costeroids indicates that this might not be applicable for
the local treatment with immunomodulators. This was
further supported by a report from an animal study
demonstrating that the topical application of pime-
crolimus cream and additional UV irradiation in com-
parison to the vehicle control after 12 months was not
associated with an increased incidence of skin
tumours.93 In addition, it has recently been shown that
the topical treatment with both tacrolimus and pime-
crolimus prevents the UV-mediated formation of
dimethyl-thymidin dimers, suggesting a rather protec-
tive effect of these compounds. However, there is still
need for more thorough investigations in the future.
Therefore, the current recommendation is still not to
combine pimecrolimus with concurrent UV therapy and
to recommend the use of appropriate sun screens.71,93,94

Oral pimecrolimus for atopic dermatitis

Oral treatment with pimecrolimus may be an effective
option for the treatment of therapy-resistant moderate to
severe AD. Therefore, a randomized, double-blind,
placebo-controlled dose-finding study of 2 parallel
groups (n = 103) was performed. Patients were treated
with either placebo or pimecrolimus (10, 20, 30 mg
twice daily) and observed for a 12-week treatment phase
and a 12-week post-treatment phase. Hydrocortisone
acetate 1% was allowed as concomitant topical medica-
tion. The authors observed a significant dose-dependent
improvement in the eczema area and severity index of
66.6% at week 7 in the group treated with 30 mg twice
daily. Of note, the treatment was well tolerated, espe-
cially with respect to nephrotoxicity and hypertension.14

Thus, systemic pimecrolimus appears to be a promising
therapeutic drug for treatment of recalcitrant AD that
cannot be topically controlled.

DO TOPICAL IMMUNOMODULATORS HAVE
AN EFFECT ON THE NATURAL HISTORY OF
ATOPIC DERMATITIS?

Before TCIs, monotherapy of AD was performed only
with topical corticosteroids, as UV treatments and oral
immune suppressive agents are usually combined with
topical corticosteroid treatment. Topical cortico-
steroids are indicated for short-term use. In clinical
practice they tend to be used intermittently long term,
especially in patients with more severe forms of AD.
TCIs have made monotherapy of AD possible without
corticosteroids. Monotherapy with TCIs long term
makes it possible to study the effects of inhibition of
early T-cell activation in AD without simultaneous
effects on connective tissue cells, which is always the
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case with corticosteroid treatment. If T-cell activation
plays an important role in the pathogenesis and clinical
symptoms of AD it should be interesting to see the
long-term effects of TCIs in AD. TCIs differ from topi-
cal corticosteroids in that they can be used as long as
needed, as they do not possess any atrophogenic poten-
tial. Therefore both adults and children with AD show
long-term results, which are characterized not only by
clinical improvement but also by a decreased use of
tacrolimus ointment over time47 (Figure 19.6).

Long-term studies of monotherapy with TCIs have
shown a constant improvement of AD. In contrast, when
the face has been treated with tacrolimus ointment and
the rest of the body with a corticosteroid, only a short-
term improvement in the facial AD was seen.95 This sug-
gests that monotherapy with TCIs should be used
whenever possible. In clinical practice, hand eczema in
AD is often resistant to TCI treatment. Similarly, the
hairy scalp is difficult to treat with the current formula-
tions. Therefore, a limited role for corticosteroids during
TCI treatment has to be accepted. Topical treatments
have been traditionally used for an intensive period with
a following treatment break of 1 to several weeks. This
has been used mainly to reduce the skin thinning activity
of corticosteroids. With TCIs it has been possible to treat
until all symptoms of active disease vanish, including the
itch. Recent studies suggest that, after initial treatment of

AD, the long-term outcome of AD can be improved by
using twice-weekly tacrolimus ointment for all body
regions previously affected. This treatment has resulted
in less disease flares compared to previous treatment
modes.96,97 At the present we have patients who have
used TCI monotherapy for over 10 years. Typical for
such patients is a good clinical condition, diminished
need for treatment, diminished occurrence of viral infec-
tions, normal results with vaccinations, and improve-
ment of atopic airway symptoms. No increase in
malignancies have been observed.98

CONCLUSIONS AND FUTURE
PERSPECTIVES

For the first time since the introduction of topical
corticosteroids more than 50 years ago, topical cal-
cineurin inhibitors such as pimecrolimus and tacrolimus
have established a novel, effective, and safe treatment
modality for most patients suffering from AD. In con-
trast to these 2 compounds, any of the currently used
treatments for mild and moderate AD is associated
with a higher risk of developing adverse events.
Therefore, the long-term use of therapeutic modalities
such as corticosteroids or phototherapy is limited.
Topical calcineurin inhibitors are the first compounds

Figure 19.6 A patient previously treated with topical corticosteroids and oral ciclosporin A. (a) At baseline
prior to intermittent monotherapy with tacrolimus ointment. (b) After 6 years 

a b
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which are suited for a long-term treatment of inflam-
matory skin diseases such as AD.99,100

The extremely good results of both pimecrolimus
and tacrolimus for the treatment of AD have subse-
quently stimulated many investigators to test their effi-
cacy in other inflammatory skin diseases. In case
reports or small uncontrolled clinical trials, the success-
ful use of both compounds for the treatment of psoria-
sis in the face and intertrigenous areas have been
reported.101,102 Moreover, pimecrolimus and tacrolimus
have been successfully applied to treat seborrhoeic
eczema,103 steroid-induced perioral dermatitis, steroid-
induced rosacea,104 erythroteleangiectatic as well as
papulopustular and oedematous rosacea,105 perianal
dermatitis, chronic actinic dermatitis,106 disseminated
granuloma annulare,107,108 lichen planus,109 and some
forms of hand eczema. Mucous lesions of lichen
planus110 and lichen sclerosus et atrophicans also have
been shown to respond well to treatment with
TCIs.111,112 The therapy of vitiligo with calcineurin
inhibitors also appears to be promising,113 although
UV light may be additionally mandatory.114,115

Successful treatment of cutaneous chronic GvhD with
topical pimecrolimus cream has also been
described.116,117 This observation may be of specific
importance in those patients with highly atrophic skin.
In contrast to animal models, the treatment of alopecia
areata in humans with these new compounds was not
effective.118 There is also evidence for an efficacy of
pimecrolimus and tacrolimus for the treatment of pyo-
derma gangraenosum, skin lesions of systemic lupus
erythematosus or dermatomyositis, bullous autoim-
mune diseases, lichen amyloidosus, lichen aureus, and
chronic actinic dermatitis. It is also very important to
analyse economical aspects of a – at a first glance –
very expensive novel therapeutic development against
AD. Recently, the economics of TCIs for the treatment
of AD were investigated. In certain patients, topical
immunomodulators are cost-effective and show an
acceptable increamental cost utility,119 although
involving higher costs as compared to glucocorticos-
teroids.119 Thus, considering the extremely high
expenses of drug development, and the uncertainty of
long-term efficacy, a fair calculation may often be diffi-
cult. Moreover, between topical immunomodulators,
comparative head-to-head data are only limited.
Another problem is the frequently performed compari-
son with historical data which in each case were col-
lected under not identical conditions, and in different
collectives of patients. In summary, a recent study con-
cluded that the costs, especially non-drug-related costs,
of long-term treatment with the novel TCIs appears to
be comparable or even cheaper than current compara-
ble therapies.120 However, none of these studies have
yet considered any socioeconomic aspects. 

The introduction of this new group of topical com-
pounds has allowed the establishment of a novel para-
digm for the treatment of AD, and a reduction of the
need for other therapies often associated with severe
side effects. Upon the first symptoms of AD, patients
should start using calcineurin inhibitors. Only in cases
where the disease cannot be controlled may the inter-
mittent use of other anti-inflammatory compounds such
as glucocorticosteroids be recommended. Although a
cure of AD is still not possible, novel compounds such
as tacrolimus and pimecrolimus may provide an effec-
tive, safe, and perhaps even prophylactic treatment.
Therefore the use of systemic immunosuppressants with
sometimes severe side effects may  in the future be lim-
ited to very severe forms of AD which cannot be con-
trolled by these newly introduced compounds. 

The future position of these novel compounds in the
treatment of AD and other inflammatory skin diseases
will be dependent on further clinical studies. However,
already today, TCIs have changed our attitude towards
the treatment of patients with acute as well as chronic
AD (Figure 19.7).
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Possible clinical associations
of atopic dermatitis with bronchial asthma
Sakari Reitamo, Maili Lehto, Hannele Virtanen, Rita Haapakoski,
Harri Alenius, Anita Remitz, and Antti Lauerma

INTRODUCTION

Atopic dermatitis (AD) is often accompanied by atopic air-
way disease, i.e. allergic rhinitis and/or bronchial asthma.
In children the first symptoms of AD usually precede the
airway symptoms. This phenomenon is often called the
atopic march. Epidemiological studies suggest a relation-
ship between the severity of AD, and the degree of atopic
sensitization, and bronchial asthma. Patients with estab-
lished AD often show bronchial hyperresponsiveness, res-
piratory symptoms, and eosinophilic airway inflammation.
Recent findings of impaired barrier function of the skin
induced by mutations of the filaggrin and other epidermal
genes which lead to an increased risk for bronchial asthma
further emphasize the key role of the epidermal barrier in
both AD and atopic airway disease. Murine models of AD
and asthma further suggest that the skin is the primary
organ in the sensitization to aeroallergens leading to
asthma-like reactions in the airways. Taken together these
findings suggest an association of AD and bronchial
asthma. Although it is tempting to speculate that effective
treatment of AD at an early age might intervene with air-
way symptoms, only a few studies have addressed this
issue. In the present chapter we discuss current knowledge
on the relationship of AD and asthma and intervention
studies in AD with atopic airway disease.

Atopic dermatitis is a T-cell-mediated
inflammation exacerbated by an impaired
barrier function of the skin

Environmental allergens can enter the body through skin,
airways, and gastrointestinal tract and in sensitized indi-
viduals they evoke a variety of allergic manifestations.1,2

In healthy human skin the upper layer of the epidermis

plays a key role in the prevention of penetration of envi-
ronmental allergens to the organism. In healthy normal
skin peptides with a molecular mass of more than 500 D
scarcely penetrate the skin.3 In AD environmental aller-
gens of up to 20 kD are capable of penetrating the skin.
Effective treatment of the skin inflammation with topical
calcineurin inhibitors has been shown to normalize the
barrier function of the skin resulting in decrease of
transepidermal water loss, suggesting a normalization of
the barrier function. The barrier function is not only
dependent on inflammatory response of the skin, as recent
studies have shown that a high percentage of patients with
AD have mutations of epidermal proteins leading to
impaired barrier function of the skin. Mutations of the
filaggrin genes are among those studied in depth.
Interestingly a recent study showed that loss-of-function
mutations of the filaggrin gene not only increases the risk
for AD but also for bronchial asthma.4

Atopy is regarded as a disease which shows a lack of
balance between T helper 1 and T helper 2 types of cells.
Th1 cells are responsible for cell-mediated immunity and
Th2 cells for antibody-mediated immunity. Impaired
Th1 functions are typical for atopy in general, which
clinically is shown as microbial infections and lack of
reactions to environmental microbial antigens. In con-
trast, the Th2 functions are increased, which is shown
for example in the increased levels of IgE. However, in
the AD skin, Th2-type dominance is only seen in the
acute phase of the disease, as Th2-type cytokines IL-4,
IL-5 and IL-13 characterize the inflammatory response
in the inflamed skin. In the chronic phase of the disease,
however, Th1-type cytokines, IL-12 and IFN-γ, are
highly expressed and predominate over Th2 cytokines.
Interestingly, long-term treatment with either topical
corticosteroids or topical calcineurin inhibitor such as
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tacrolimus, restores Th1-type immunity in patients with
AD, as shown in the normalization of recall antigen
responses.5

Since approximately 70–80% of patients with AD
have elevated levels of serum IgE and specific IgE anti-
bodies to environmental allergens, this points to an
important role for environmental allergens in AD. It has
been hypothesized that aeroallergens, such as house-
dust mite and pollen allergens, may penetrate into the
skin in sensitized atopic subjects, bind to high affinity
IgE receptors on the Langerhans and other antigen-
presenting cells, and then cause T-cell-mediated inflam-
matory responses leading to the eczema reaction.6 In
support of this theory, house-dust mite specific T cells
have been found in the inflamed and non-inflamed skin
of AD patients sensitized to this mite.7 This IgE is vital
for the presentation of the environmental allergens to
the antigen-presenting cells of the epidermis which then
process the environmental antigens to T cells. A further
activation of the T cells is caused by bacterial entero-
toxins. To conclude, environmental antigens such as
aeroallergens are capable of penetrating the epidermis
in AD skin, and can, together with bacterial enterotox-
ins, cause a specific and non-specific activation of T cells
which leads to clinical symptoms of AD. The activation
pathway can be blocked with corticosteroids or topical
calcineurin inhibitors. However, of these only topical
calcineurin inhibitors can effectively suppress the
enterotokin induced T-cell response.8

CLINICAL FORMS OF ATOPIC
AIRWAY DISEASE 

Airways are continuously exposed to inhaled particles,
microbes, and harmless antigens to which either immu-
nity or tolerance is induced. Allergic rhinitis and allergic
asthma are two important allergic disorders, which
affect the upper and lower parts of the respiratory tract,
respectively. Similar inflammatory features are found in
these diseases, such as vasodilation and local infiltration
of mast cells, macrophages, eosinophils, dendritic cells,
and T cells. However, the importance of affected struc-
tures differs: smooth muscles are essential components
in lower airways and blood vessels in upper airways. In
addition, the surface of the epithelium plays an impor-
tant role in the development of asthma.9

Asthma is commonly divided into IgE-mediated aller-
gic asthma and non-IgE-mediated asthma (non-allergic
asthma).10,11 Eighty per cent of childhood asthma
and over 50% of adult asthma has been reported to be
allergic in this manner. The mechanisms which initiate
non-allergic asthma are not well-defined. Asthma is a
phenotypically heterogeneous disorder that results
from complex interactions between environmental and

genetic factors. Allergic asthma is triggered by allergen-
induced activation of submucosal mast cells in the lower
airways.12 This leads to immediate bronchial constriction
and amplified secretion of fluid and mucus, causing respi-
ratory distress. A central aspect of asthma is chronic airway
inflammation which is characterized by the continuous
presence of Th2 lymphocytes, and eosinophilic, neu-
trophilic, and other leukocytes. These cells act together to
cause improper remodelling of the airways, accompanied
by augmented mucus production. Th2 cytokines such as
IL-13 may directly affect airway epithelial cells and cause
the induction of goblet-cell metaplasia and the secretion
of mucus.13 Bronchial epithelial cells express the
chemokine receptor CCR3 and also produce at least two
of the ligands for this receptor – CCL5 (RANTES) and
CCL11 (eotaxin 1). These chemokines attract more Th2
cells and eosinophils to the damaged lungs which can
increase the Th2 response. Additionally, recent stud-
ies indicate that CCL11 has a profibrogenic effect on
human airway epithelial cells and fibroblasts through
the chemokine receptor CCR3.14,15 Th2 cytokines 
and chemokines also have a direct effect on airway
smooth muscle cells and lung fibroblasts leading to
airway remodelling. Remodelling comprises thicken-
ing of the airway walls by hyperplasia and hypertro-
phy of the smooth muscle layer and mucous glands,
with the final development of fibrosis.

Initially, allergic asthma is driven by a response to a
specific allergen, but chronic inflammation seems to
continue unabated even in the absence of allergen
exposure. The airways become hyperreactive, and fac-
tors other than re-exposure to antigen can trigger
asthma symptoms. For instance, environmental irri-
tants, such as cigarette smoke, typically induce airway
hyperreactivity. In addition, viral or bacterial respira-
tory infections can exacerbate asthma by inducing a
Th2-dominated local response.16,17

MOUSE MODELS FOR
ALLERGIC DISEASES

Mouse models have been largely used for study of aller-
gic disorders due to the availability of immunological
tools, such as transgenic and knockout mouse strains
and antibodies. Mouse models of AD can be roughly
categorized into the following groups:

1. Mouse models (NC/Nga) with spontaneous devel-
opment of AD18

2. Genetically modified mice, transgenic or knockout,
e.g. with regard to IL-4 and IL-1819,20

3. AD-like skin lesions after epicutaneous ovalbumin
sensitization21,22

4. Humanized mouse models of AD such as the SCID.
mutant mice (severe combined immunodeficiency)23
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For the time being, the limited availability and the lack
of standardized mice housing conditions make the use
of NC/Nga mice inconvenient. Humanized SCID and
genetically modified mice are important tools when
examining specific mechanisms of diseases. On the other
hand, a mouse model making use of repeated epicuta-
neous protein exposure24 imitates reasonably well natu-
rally occurring cutaneous sensitization. In this model,
tape stripping is an important feature provoking the
development of general skin injury characteristic of AD. 

Allergic asthma is a complex condition characterized
by increased amounts of systemic IgE, elevated allergen-
specific Th2 cells and their products, airway hyper-
reactivity (AHR), and structural changes in the lung.25

Animal models of both acute and chronic allergic airway
responses have been described, although none of these
models encompasses all aspects of human asthma.26–30

Moreover, considerable differences in the airway reactiv-
ity between different mice strains exist.31,32 The most
widely used mouse model of acute asthma involves
intraperitoneal injections with ovalbumin combined
with alum, followed by repeated ovalbumin challenges
intratracheally, intranasally, or by inhalation. This
evokes a marked eosinophilic inflammation and AHR,
which is independent of IgE, B cells, or mast cells, but
dependent on CD4 + T cells.33 The presence of effector
T cells is essential and sufficient to provide the necessary
Th2 cytokines to evoke both histological changes and
induced AHR.29 Chronic asthma models with remodel-
ling of lung tissue have been reported but these models
are difficult to standardize.30,34,35

A few studies have used mouse models to examine
the pathological mechanisms involved in natural rub-
ber latex (NRL) allergy.36,37 BALB/c mice have been
the most commonly investigated mice strain, but in two
studies C57BL/6 and B6C3F1 mice were also used.38,39

Crude NRL has been the allergen used in almost all
studies38–41 but recombinant Hev b 5 has also been
administered in two studies.42,43 One group has been
interested in the effects of NRL in the lungs which they
have investigated by using intranasal and intraperi-
toneal sensitization.38,40,41 They found increased levels
of total IgE, IL-4, IL-5 and eosinophils in the blood.38

Eosinophils were detected in the lungs and AHR occurred
after methacholine (MCh) challenge.40,41 Experiments in
IL-4 knockout BALB/c mice showed no eosinophils or
IgE antibodies, confirming the importance of this
cytokine in the initiation of this response.41 It is, how-
ever, of interest that IL-4 knockout mice exhibited a
weak AHR to MCh.40,41

Woolhiser et al39 studied the effects of intranasal (IN),
subcutaneous and epicutaneous exposure by using crude
NRL as allergen. They found increased total IgE levels by
all exposure routes and detected the presence of several
IgE bands with cutaneous exposure. However, the results

of different exposure routes are not comparable because
NRL dosage and exposure times were different. Slater
and co-workers42,43 used recombinant Hev b 5 with malt-
ose binding protein to sensitize BALB/c mice by the IN
route. Hev b 5 specific IgG1 or IgE antibodies were found
in the blood. A significant lymphoid cell infiltration, but
no mucus secretion, was seen in the lungs when the aller-
gen was given together with lipopolysaccharide (LPS).
These mouse model studies indicate that IgE antibodies
appear after cutaneous, intranasal and intraperitoneal
exposure to NRL. It seems evident that IN exposure to
NRL can evoke eosinophilic lung inflammation and
AHR in the sensitized mice. 

EFFECT OF EXPOSURE ROUTES
ON LUNG INFLAMMATION AND
AIRWAY HYPERREACTIVITY 

The role of different exposure routes in the induction
of lung inflammation and airway hyperreactivity in a
murine model of allergic asthma was studied. We used
natural rubber latex (NRL) as a model allergen as it con-
tains the major NRL allergen Hev b 6.02 (hevein), which
is well-characterized. In addition, hevein with reduced
allergenicity has been constructed for possible use in
immunotherapy studies.44 We used the intracutaneous
(IC) route for skin exposure, IN (intranasal) route for air-
way exposure, and intraperitoneal (IP) route for systemic
exposure. IC and IN immunizations were done without
adjuvants, reflecting more the real-life sensitization route
in people suffering from allergic symptoms. Sensitization
protocols are shown in Figure 20.1. The study showed
overwhelmingly that the skin is the most efficient route
of sensitization, whilst sensitization through airways
exposure fails to induce allergic asthma.45

IC and IP exposure caused perivascular and peri-
bronchial inflammation of lung tissues after airway
allergen challenge, whereas after IN exposure, only a
slight, mostly perivascular inflammation was detected
(Fig 20.2a). The number of eosinophils increased dramat-
ically after IC treatment, but not after IP or IN exposure in
lung tissues (Figure 20.2a), whereas significant amounts
of eosinophils and lymphocytes were seen in BAL fluid
samples of IC and IP allergen-exposed mice (Figure
20.2b). In line with the histological results, eosinophils
were virtually absent and only a few lymphocytes were
present in the BAL of intranasally exposed mice.45

Airway hyperreactivity (AHR) to inhaled metha-
choline (MCh) increased vigorously in response to IC
and IP allergen exposure followed by NRL airway chal-
lenge (Figure 20.3a). In contrast, IN allergen exposure
did not induce AHR and the control mice group exhib-
ited a slightly elevated but statistically non-significant
response to inhaled MCh. PAS staining of lung sections
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showed that animals treated intracutaneously or
intraperitoneally with NRL displayed a significant
increase in mucus production, as seen in the high
amount of goblet cells around the bronchiolar lumen
(Fig 20.3b). Intranasal NRL exposure induced only a
slight and insignificant enhancement of mucus produc-
tion in the airways.45

Expression of mRNA of several CC chemokines,
which attract eosinophils (CCL3, CCL8, CCL11, and
CCL24) or Th2 (CCL1 and CCL17) cells was meas-
ured. It was noted that IC, IP, and IN exposure and air-
way challenge significantly elevated mRNA expression
of CCL1, CCL8, CCL11, CCL17, and CCL24 relative
to the PBS-treated control mice. Expression of CCL3
mRNA significantly increased after IC and IP NRL
exposure, but not after IN exposure. In general, expres-
sion of most chemokines was significantly higher after
IC NRL exposure (CCL1, CCL3, CCL8, CCL17, and
CCL24) or IP exposure (CCL1, CCL3, CCL8, CCL17,
and CCL24) compared to IN treatment. Expression of
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Figure 20.1 Intracutaneous (IC), intraperitoneal (IP)
and intranasal (IN) exposure schedules. Mice were
exposed for 4 weeks before airway challenge. In saline
(SAL) groups exposures were made with phosphate-
buffered saline and with natural rubber latex (NRL) in
NRL groups. Airway challenges were made by NRL.
Airway hyperreactivity to methacholine was measured
24 hours after airway challenges and different samples
were taken for subsequent analysis.
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chemokine receptors (CCR1, CCR3, CCR4, and
CCR8), which bind these CC ligands, was also
analysed. All exposure routes significantly increased
mRNA expression of these chemokine receptors.
Expression of CCR1 and CCR8 mRNAs was signifi-
cantly higher after IC and IP sensitization compared
to intranasally treated mice. A markedly higher level of
CCR3 mRNA was seen in intracutaneously sensitized
mice compared to the corresponding intranasally sensi-
tized group.45

The cytokine expression profile at the mRNA level
revealed differences between different exposure routes.
IC and IP exposure to NRL increased the expression
levels of IL-4 and IL-13 mRNA, but only IC exposure
significantly increased the expression of IL-5 mRNA in
lung compared to PBS-treated controls (Figure 20.4a).
In addition, the IL-13 mRNA level was elevated (8-fold)
in the intranasally NRL exposed mice in comparison

with the controls. IC exposure elicited significantly
higher expression of IL-4, IL-5, and IL-13 mRNA com-
pared to the IN group. The mRNA levels of regulatory
cytokine IL-10 were enhanced significantly in all NRL
exposed groups, especially in intranasally treated mice
(Figure 20.4b). On the other hand, a significant eleva-
tion in the levels of TGF-β1 mRNA was observed after
IN and IP NRL exposure but not after IC exposure. In
addition, the TGF-β1 mRNA levels were significantly
higher in IN and IP exposed mice than in IC exposed
mice (Figure 20.4b). Forkhead box 3 (Foxp3) transcrip-
tion factor mRNA expression also increased signifi-
cantly after IP and IN NRL administration but not after
IC exposure (Figure 20.4b) with the elevation in expres-
sion being most marked after IN NRL exposure.45

Total and Hev b 6.01-specific IgE antibodies were
strongly elevated after IC and IP exposure, but not after
IN exposure to NRL.45 In the murine study described
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above,45 IC and IN exposures were performed with the
same total amount (160 μg) of NRL without adjuvants.
When the airways were challenged with NRL in IC
exposed mice, a more intense lung eosinophilia was
found than in IN and IP exposed mice. IC and IP expo-
sures, but not IN exposure, induced significant mucus
production and AHR to inhaled MCh. In agreement
with these findings, a previous study revealed that top-
ical NRL exposure to tape stripped skin also increased
AHR to inhaled MCh, whereas intratracheal exposure
of NRL had no influence on the airway response.46,47

These results in mice clearly indicate that repeated
cutaneous NRL exposure can efficiently sensitize the
lungs, and therefore predispose this tissue to NRL-
allergic asthma.

Th2 cytokines IL-4 and IL-13 are most important
regulators of IgE class switching48 and IL-13 also par-
ticipates in AHR and mucus production.13 In the pres-
ent experiments, all 3 (IC, IP, and IN) NRL exposure
routes were able to upregulate IL-4 and IL-13 mRNA
in the lungs of the mice. The increase was, however,
highest after IC exposure and lowest after IN exposure.
It is known that IL-5 is especially involved in the

recruitment and survival of eosinophils.49 In the pres-
ent study, IL-5 mRNA expression was increased signif-
icantly after IC but not after IP or IN exposure. One
effect of IL-5 could then be the influx of eosinophils
into the lungs, a finding which was especially marked
in IC exposed mice. In line with the present findings,
a previous study documented that IP sensitization
with NRL glove extract or Hev b 5 can induce IL-5
protein into the BAL fluid.50 It is of interest that mRNA
expression of eosinophil-attracting chemokines (CCL3,
CCL8, CCL11, CCL24) and their receptors (CCR1,
CCR3) was significantly higher in the lungs of IC
exposed mice compared to the lungs of IN exposed
mice. CCL1 and CCL17 chemokines are known to
attract Th2 cells.51 Expression of these chemokine
mRNAs was also higher after IC and IP exposure com-
pared to IN exposure in mice, and the same was true
for Th2 associated chemokine receptor CCR8. In sum-
mary, these findings indicate that repeated cutaneous
NRL allergen exposure also effectively sensitizes the
lungs. Thereafter, NRL airway challenge is able to
upregulate different inflammatory chemokines and
chemokine receptors. The next step seems to be the
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influx of eosinophils and Th2 lymphocytes into the
lung tissue, the cells which are important in allergic air-
way inflammation.

Airway inflammation, mucus production, and AHR
were substantially lower in IN exposed mice compared
to intracutaneously exposed mice. Therefore we meas-
ured the mRNA levels of regulatory cytokines IL-10
and TGF-β1.51–53 Interestingly, expression of IL-10
was higher after IN exposure than after IC and IP expo-
sure in mice. In addition, both TGF-β1 and Foxp3,
which is a marker for CD4 + CD25+ T regulatory
cells,54,55 were significantly upregulated after IN expo-
sure. These findings in mice suggest that an allergen
exposure to the airways, but not to the skin, could also
activate regulatory mechanisms for the inflammation
and in this process IL-10 and TGF-β1 as well as
Foxp3+ regulatory T cells could be the key players.
This suggestion is in line with the concept that the
mucosal immune system is programmed to induce tol-
erance to ingested or inhaled allergens.56–59 A recent
mouse study with NRL provided further evidence for
the fact that tolerance can take place when allergen
exposure initially occurs in the nasal mucosa.60 These
investigators observed that IN exposure, when per-
formed before IP exposure, prevented antibody
responses to Hev b 1 and Hev b 3. A similar induction
of tolerance has also been observed in mice after IN
administration of the birch pollen allergen Bet v 1.61,62

The IN administration suppressed both the allergic
immune responses and airway inflammation and the
induction of tolerance seemed to be due to Foxp3+
CD4+ T cells.62

HUMAN STUDIES ON PREVENTION OR
REVERSAL OF THE ATOPIC MARCH 

The only studies performed so far to prevent asthma
have been with oral H1 receptor antagonists, i.e anti-
histamines. The most widely studied antihistamine for
the prevention of the atopic march has been cetirizine.
Cetirizine was compared to placebo for 18 months in
infants 1–2 years of age with AD. After 18 months,
follow-up was continued for a further 18 months.
There was no difference in the cumulative prevalence of
asthma between active and placebo treatment in the
intention-to-treat population. Those infants with an
evidence of sensitivity to house dust mite, grass pollen,
or both, who were treated with cetirizine, were signifi-
cantly less likely to have asthma compared with those
treated with placebo over 18 months of treatment. This
effect was sustained for the grass-pollen sensitized infants
throughout the study period. In the house dust mite
sensitized group there was a gradual narrowing of the
difference between active and placebo treatment in

terms of cumulative prevalence of asthma at the end of
36 months but no evidence of rebound immediately
after the treatment was stopped. In the placebo popula-
tion there was a slightly increased risk of sensitization
to egg, house dust mite, grass pollen, and cat.63

The lack of a significant effect on the prevention of
the atopic march with oral cetirizine may be due to the
fact that it is not an effective treatment of asthma. As
previously noted in mice the main sensitization route is
via the epidermis. In the cetirizine study patients could
use topical corticosteroids, but the details of use are not
clear. As previously noted in mice, the main sensitiza-
tion route is via the epidermis. Currently there are no
studies with topical long-term treatment of infants with
AD to prevent the progression to atopic airway disease.

Effect of topical calcineurin inhibitor in
patients with AD and atopic airway disease

We earlier noted that many patients with moderate-
to-severe AD who achieved control of the AD with
long-term use of tacrolimus ointment had a subjective
relief of symptoms of asthma. Therefore, we prospec-
tively assessed the effects of topical-intermittent long-
term treatment with tacrolimus ointment in 64 patients
aged 13–56 years who had moderate to severe AD.
Treatment in this uncontrolled study was for 4 years.64

Bronchial histamine challenge for hyperresponsiveness
was done at baseline and after 1 year of treatment, and
total serum IgE and respiratory symptoms were deter-
mined at baseline and after 1 and 4 years of treatment.
The body surface area of AD cleared significantly, and
bronchial hyperresponsiveness, as well as asthma and
rhinitis symptoms, all showed significant improvement.
Patients whose AD improved most also showed a
decreasing trend in serum IgE levels. This study sug-
gests that effective long-term topical treatment may
improve not only AD but also reverse atopic airway
disease. Controlled studies should be performed to
confirm these findings. A study with a protocol similar
to the cetirizine study for infants with AD prior to
established asthma would also be needed. Topical cal-
cineurin inhibitors would be ideal for such a study,
as they, in contrast to corticosteroids, do not impair the
integrity of the skin.
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Experimental therapeutic strategies for the
treatment of atopic dermatitis
Thomas A Luger and Martin Steinhoff

INTRODUCTION

Colossal progress in the understanding of the cellular
and molecular mechanisms involved in inflammatory,
allergic as well as autoimmune diseases, and the
recent discoveries in biotechnology have led to the
development of several novel immunomodulating
and anti-inflammatory agents including drugs and spe-
cific biologics (‘biological response modifiers’) such as
cytokines, antibodies and fusion proteins which may
be helpful for future treatments of atopic dermatitis
(AD).1–3 Consequently, new therapeutic strategies
emerged by the use of these immunomodulating drugs
(Table 21.1). As a consequence of the improved under-
standing of the molecular mechanism underlying
immune-mediated diseases, several new targets have
been identified, leading to the development of even
more specific agonists or antagonists. Moreover, new
therapies using in vitro modified antigen-presenting
cells (APCs) are currently under investigation.4

AD is characterized by various immunological
abnormalities. Consequently, many molecular struc-
tures are targeted in order to combat AD. One
major immunological abnormality is driving of Th0
towards a Th2 lymphocyte pattern upon antigenic
challenge. Accordingly, increased IgE production,
reduced IFN-γ concentrations, and increased IL-4 and
IL-5 production appear to be crucial pathways in the
pathophysiology of AD which have to be aimed at.
This chapter briefly summarizes some of these recent
developments in view of their efficacy and safety for
the treatment of AD. Novel and experimental drugs
for the treatment of pruritus in AD are summarized in
Chapter 10.

DRUGS

Many new immunomodulatory drugs such as ciclosporin
A (CyA), tacrolimus, pimecrolimus, sirolimus, leflunomide,
mycophenolate mofetil, and others have been recently
introduced for the treatment of AD. Among these com-
pounds, the development of calcineurin inhibitors
(CI) that are either new or for topical application,
including tacrolimus, pimecrolimus, and ISA 247, cur-
rently appears to be the most promising approach
(Table 21.1).5–9 In a randomized placebo-controlled
double-blind study with patients suffering from psoria-
sis, a 75% reduction was observed within 12 weeks
as compared to placebo with ISA247.10 While serum
creatinine increased in patients treated with ISA247,
it remained within the normal range. After binding
to distinct cytosolic immunophilins CI inhibit the
phosphatase calcineurin and thus interrupt the nuclear
translocation of the cytoplasmic subunit of the nuclear
factor of activated T cells (NF-AT). As a consequence
the transcription of immunomodulating and proinflam-
matory cytokine genes (IL-2, IFN-γ, IL-4, and TNFα) is
blocked.11 Because of their molecular structure and
their binding behaviour to different immunophilins, CI
may differ significantly in their biological activities as
well as in their toxic profile. 

Pimecrolimus was the first immunomodulating drug
that primarily has been developed for the therapy of
AD.12 Both tacrolimus and pimecrolimus have been
recently introduced for the topical treatment of this dis-
ease. Although the structure of both compounds is
similar, pimecrolimus is significantly more lipophilic
which may account for its preferential distribution to
epithelial structures and its low affinity for lymphoid
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organs.13,14 In several animal models, the immuno-
suppressing potential of pimecrolimus turned out to be
significantly less when compared to that of tacrolimus.
There is also evidence that the topical application of CI
to the skin may not be associated with an increased risk
for the development of ultraviolet light mediated skin
tumours.15,16 Accordingly, the potential of CI such as
pimecrolimus to impair a primary immune response

is very low, and very recently both tacrolimus and
pimecrolimus have been shown to protect epidermal
cells from UV-induced thymidine dimer formation.17

One major advantage of pimecrolimus and tacrolimus
in comparison to topically applied glucocortico-
steroids is that even after long-term application there is
no evidence of skin atrophy. Pimecrolimus – in compari-
son to tacrolimus – permeates to a lesser degree through

Table 21.1 Novel immunomodulating agents and biologics for the treatment of inflammatory and atopic

diseases

Agent Properties

Drugs

Mycophenolate mofetil Pyrimidine synthesis inhibitor

Leflunomide Purine synthesis inhibitor

Tacrolimus, pimecrolimus, ascrolimus, ISA 247 Macrolactam calcineurin inhibitors

Sirolimus (rapamycin) S6 kinase inhibitor

Merimempodib Nucleotide biosynthesis inhibitor

Paldesine Nucleotide biosynthesis inhibitor

BCX-1777 Nucleotide biosynthesis inhibitor

Imiquimod Activator of TLR 7

Resiquimod Activator of TLR 8

Cytosine-P-5 vanine (LP5) Activator of TLR 9, TH1 switch

Biologics

Il1R antagonist (AnakinraN) IL-1 suppression

Altrahincept S IL-4R

Nepolizmas Anti-IL-5Mab

IL-4, IL-10, IL-11 Immunodeviating cytokines

Infliximab Chimeric anti-TNFα
Adalimumab Humanized anti-TNFα
Etanercept TNFα-RII and Fc (IgG1) fusion protein

CDP870 PEGylated Fab of a humanized anti-TNFα
PEG-TNF-RI PEGylated soluble TNF-RI

ABX IL-8 Humanized anti-IL-8

Efalizumab Humanized anti-CD11a

Alefacept LFA3 and Fc (IgG1) fusion protein

Siplizumab Humanized anti-CD2

Visilizumab Humanized anti-CD3

HuMax-CD4 Humanized anti-CD4

OKT(R)cdr4a Humanized anti-CD4

IDEC 114 Humanized anti-CD80

IDEC 131 Humanized anti-CD40

CTLA-4 Ig CTLA-4 and Fc (IgG1) fusion protein

Basiliximab Chimeric anti-IL2Rα
Daclizumab Humanized anti-IL2Rα
Denileukin diftitox IL-2 and diphtheria toxin (DAB389) fusion protein
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the skin, suggesting a lower risk of systemic exposure.13

Accordingly, only minimal and transient levels of
pimecrolimus have been detected in the circulation of
patients being treated with pimecrolimus cream regard-
less of the age, severity, extent of lesions treated, dura-
tion of therapy, and time of sampling following the
application.5,18,19 Similarly, after topical application
of tacrolimus blood levels were usually low and tran-
sient. However, blood concentrations identical to those
observed after systemic application with tacrolimus
have been reported in patients with severe disease or
skin barrier dysfunctions.6,20 Systemic adverse events
following topical treatment with tacrolimus or pime-
crolimus have not been reported as of yet.

Consequently, both tacrolimus ointment and pime-
crolimus cream proved to be highly effective therapies
for AD and have been approved by the authorities
of many countries for the treatment of this disease.19 The
most common adverse event was transient skin burning
within the first week of treatment.19,21 However, skin
burning caused by pimecrolimus cream was reported
to be less intense and less frequent as compared to
tacrolimus. The low profile of adverse events for these
agents for the first time allows long-term treatment of
AD beginning from early childhood as soon as the first
symptoms appear. Moreover, continuous and early anti-
inflammatory interventions using either tacrolimus or
pimecrolimus may prevent the development of chronic
eczematous lesions and ultimately result in disease mod-
ification. From several reports one may also conclude
that both tacrolimus ointment and pimecrolimus cream
are efficient for the treatment of many other inflamma-
tory skin diseases including seborrhoeic dermatitis, con-
tact dermatitis, rosacea, as well as autoimmune diseases
such as lupus erythematosus and dermatomyositis, for
example.6,19 However, future clinical trials are required
to determine the long-term efficacy and safety of these
compounds.22

Beside the well-established immunosuppressant CyA
(3–5 mg/kg b.w.),23–25 other immunomodulatory small
molecule drugs are currently considered as being a use-
ful alternative for the treatment of AD are for example
sirolimus (rapamycin), leflunomide, and mycopheno-
late mofetil (MMF) (Table 21.2).26–30

Sirolimus belongs to the group of macrolactam
immunomodulators and inhibits the IL-2R mediated
signal transduction pathway, but in contrast to others
such as CyA, tacrolimus, or pimecrolimus, it does not
inhibit calcineurin. In addition to being used success-
fully in transplantation medicine there is also evidence
that sirolimus in combination with a subtherapeutic
dose of CyA is effective in the treatment of psoriasis
with the advantage of a reduced toxicity.29 Moreover,
topical sirolimus has been demonstrated to be effective
and safe for the treatment of psoriasis lesions.31

Both MMF and leflunomide inhibit key enzymes in
nucleotide biosynthesis, a step that is crucial for T-cell
activation and antibody formation. They do not act in
the nucleus and thus apparently have an advantageous
side-effect profile. Therefore, both agents are now
widely used for the treatment of immune-mediated dis-
eases such as rheumatoid arthritis. 

There are several case reports on the successful treat-
ment of bullous autoimmune diseases, psoriasis, atopic,
and others with MMF.26,32–36 Of note, the successful
treatment of severe refractory AD has been demon-
strated with MMF.37,38 However, side effects such as
liver abnormalities and septicaemia were also observed
in patients with AD after MMF treatment.39,40

Leflunomide is an immunomodulating compound
with immunosuppressive properties, targeting primarily
T lymphocytes by inhibiting pyrimidine de novo synthe-
sis.17 Because T-cell activation and Th1/Th2 imbalance
is a crucial step in the pathophysiology of AD, lefluno-
mide may be a useful therapeutic target. For lefluno-
mide, a beneficial role for the treatment of severe AD
was shown in 2 patients.41 Moreover, experimental evi-
dence suggests that leflunomide may modulate eotaxin
activity in eosinophils independent of its antimetabolite
activity.42 Of note, the clinical severity scores in AD
seem to correlate with plasma levels of eosinophil gran-
ule proteins (e.g. eosinophil-derived neurotoxin (EDN))
and with the infiltrative capacity of eosinophils to the
site of inflammation in AD lesions.43,44

However, more controlled clinical studies which are
currently being performed are necessary to reveal the
safety and efficacy of MMF and leflunomide for the
treatment of AD and other skin diseases. 

Other recently designed nucleotide biosynthesis
inhibitors include compounds such as merimempodib,
paldesine, BCX-1777, and others.45–50 First clinical trials
have been performed for the treatment of psoriasis.51

TOLL-LIKE RECEPTOR AGONISTS 

Toll-like receptors (TLRs) are key molecules involved in
microbial recognition by the immune system. At pres-
ent, 10 members of the TLR family have been identified
in mammals.52 They recognize microbial structures such
as bacterial lipopolysaccharides, bacterial DNA, and
viral double stranded DNA. There is also evidence that
some probiotics which appear to be effective in allergy
prevention may function via interaction with TLRs.
The number of ligands for these receptors is growing,
and it appears that multiple ligands exist for each
receptor. TLRs activate common signalling pathways
leading to the activation of nuclear kappa B (NFκB)
transcription factor and the mitogen activated protein
kinases (MAPKs) which results in the production of
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Table 21.2 Novel therapeutic approaches for the treatment of atopic dermatitis and other diseases – phases of

development (Modified from Homey B, Steinhoff M, Ruzicka T, Leung DY. Cytokines and chemokines

orchestrate atopic skin inflammation. J Allergy Clin Immunol 2006; 118: 178–89.)

Therapeutic approach in Approval
atopic dermatitis or

phase of
Drug description Name Preventative* Therapeutic** Disease development

CCR1 antagonist − x Inflammation Preclinical
CCR5 antagonist UK-427,857, SCH-C, x HIV Preclinical,
tauschen CCR4 and -5) SCH-D, TAK 449 transplantation Phase I
CXCR4 antagonist AMD-3100 x HIV, rheumatoid Preclinical,

arthritis, asthma Phase I
Recombinant human Anakinra x Rheumatoid yes
IL-1 receptor antagonist arthritis
(IL-1RA)
Recombinant soluble Etanercept x x Rheumatoid yes
human TNFα receptor arthritis, Crohn’s 

disease,
psoriasis

Pegylated recombinant Pegsunercept x x Rheumatoid Phase II
soluble human TNFα arthritis
receptor
Anti-human TNFα Infliximab x x Rheumatoid yes

arthritis, Crohn’s
disease,
psoriasis

Anti-human TNFα Adalimumab x x Rheumatoid Phase II/III
arthritis, Crohn’s
disease

Anti-human IFN-γ HuZAF x Crohn’s Phase I/II
disease,
psoriasis

Anti-human IL-4 SB240683, x Asthma PhaseI/II
pascolizumab

Soluble human − x Asthma Phase II
IL-4 receptor
Anti-human CD25 Daclizumab x Transplantation, yes,

asthma Phase I/II
Anti CD2 Sipilizumab x Psoriasis Phase 
Anti-human IL-2 receptor Basiliximab Transplantation yes
Anti-human CD11a Efalizumab x Psoriasis Phase III
Anti-LFA3 Alefacept x x Psoriasis yes
Anti-human CD3 Nuvion (Visilizumab) x GvHD Phase I/II
Anti-human CD4 HuMax-CD4® Psoriasis Phase __

OKT(R)cdr4a Psoriasis Phase __
Anti-human IgE Omalizumab x Asthma Yes

Rnv nab – E25 x Asthma, rhinitis Phase X?
NF-AT inhibition FK506, tacrolimus x Atopic dermatitis yes
NF-AT inhibition SDZ ASM 981, x x Atopic dermatitis yes

pimecrolimus

*Preventative administration is understood as long-term management of the disease and reduction of the frequency of acute flares.
**Therapeutic administration means treatment of established lesions.
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proinflammatory cytokines.53,54 On the other hand,
individual TLRs via their specific signalling systems
may induce immune response to a given microbial
agent. Thus TLRs are crucial components of both the
innate and adaptive immune response.

Imidazoquinolones such as imiquimod and resiquimod
bind to TLR7 and TLR8, respectively, which results in
the activation of macrophages and other cells and the
induction of cytokine production (predominately IFNα,
TNFα and IL-12). Subsequently, this cytokine milieu
is responsible for an immunodeviation towards Th1
required for cytotoxicity and an effective antiviral and
antitumoural activity.55,56

Several clinical trials have proved the efficacy of
topical immunotherapy with imiquimod in the treat-
ment of anogenital warts resulting in remission rates up
to 75%.52,57 There is also evidence from preliminary
studies demonstrating that imiquimod is very effective
in the treatment of actinic keratosis, basal cell carcino-
mas, squamous cell carcinomas, and skin metastases
of solid tumours.55,58 The efficacy of this promising
new approach to treat skin tumours and Th2-mediated
diseases such as atopic eczema or asthma needs to be
evaluated in further clinical trials.59,60

Cytosine-phosphate-guanine (CpG) motifs lacking C5
methylation are abundant in all bacterial and some viral
genomes. They were found to switch an immune
response towards Th1 via NFκB activation and the
induction of Th1 cytokines. Moreover, it was recently
shown that TLR9 is responsible for CpG oligodeoxynu-
cleotide (ODN)-mediated effects. Therefore, CpG ODN
vaccination strategies are currently being investigated for
their efficacy in enhancing the immune response against
tumours.61 There is also evidence from animal studies
and first clinical trials suggesting that CpG ODN may be
effective for the treatment of allergic diseases or as an
adjuvant immunotherapy.62,63 Further clinical studies
will ultimately reveal which of the current approaches
using CpG ODN is most suited to improve our current
strategies for the treatment of tumours and allergic dis-
eases. With respect to AD, the induction of predomi-
nantly T helper (Th)1-type cytokine profiles by TLR
agonists such as imiquimod might have further benefits
by shifting the dominant Th2-type response in AD to a
more potent Th1 response.52

BIOLOGICS

Biologics are synthetically generated proteins used
as immunomodulating agents. So far, recombinant
cytokines, monoclonal antibodies, toxin-labelled pro-
teins and fusion proteins have been produced and
clinically tested. Biologics are agents with specific
cellular targets such as cell surface molecules (adhesion

molecules, receptors), or intracellular molecules (e.g.
transcription factors), which are designed to imitate or
inhibit the actions of naturally occurring proteins. They
are derived from living sources such as humans, animals,
plants and micro-organisms. Biologics can modulate
several immunological disease pathways like lymphocyte
(T- or B-cell) activation, antigen-presenting cells (APC)/
lymphocyte interactions, endothelial cell activation or
adhesion, as well as the release of cytokines, interferons,
amines, and chemokines.1,2

In the skin, biologics have been used for the treatment
of inflammatory skin diseases (AD, psoriasis), B-cell
lymphoma, and cutanous T-cell lymphoma (CTCL).
Clinical trials revealed biologics to be highly efficient
including short- and long-term remissions. As com-
pared to many immunosuppressants, biologics may
have a favourable adverse-effect profile. Treatment with
conventional drugs (systematic steroids, ciclosporin,
methotrexate, and mycophenolate mofetil) or pho-
tochemotherapy may have severe short- or long-term
side effects in AD patients. Thus, novel understandings
about the pathophysiology of AD led to new strategies
for technically produced proteins.

Because generic names of biologics led to confusion,
a strict nomenclature has been introduced. Receptor-
antibody fusion proteins end with ‘-cept’. Generic names
of chimeric monoclonals end with ‘-ximab,’ humanized
monoclonals end with ‘-zumab,’ and human monoclonal
antibodies (Mab) end with ‘umab’. Table 21.1 lists
biologics that are approved for dermatological indica-
tions or are at present under investigation for treatment
of dermatological conditions including AD.

Advances in the understanding of the complex
molecular mechanisms of immune reactions have led
to the identification of several new extracellular as
well as intracellular targets such as cytokine receptors,
adhesion molecules, and transcription factors that may
be used for novel anti-inflammatory and immunomodu-
lating strategies. Approaches to block these specific tar-
gets are: humanized or fully human antibodies directed
against cytokines or their receptors, soluble receptors
that bind to secreted cytokines, receptor antagonists,
fusion protein constructs targeting cytokines or cell sur-
face molecules and transcription factor inhibitors.2 A
new generation of high affinity cytokine blockers called
‘cytokine traps’ has recently been developed, although
further deep studies on the efficacy in humans are still
lacking. However, no evidence currently suggests this
way to be beneficial. The ‘traps’ consist of the extracel-
lular domain of two distinct cytokine receptor compo-
nents involved in binding the cytokine and the constant
region of IgG. These ‘traps’ have been shown to
potently block cytokines in vitro and in vivo and cur-
rently are being evaluated in first clinical trials for their
efficacy in the therapy of cytokine-driven diseases.64,65
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However, no further clinical trials have been recently
published.

IL-1

In addition, targeting IL-1 represents a further promis-
ing approach for the treatment of inflammatory dis-
eases. Accordingly, a recombinant human interleukin-1
receptor antagonist (IL-1RA) (e.g. Anakinra®), which
is currently being investigated for its efficacy in
patients with rheumatoid arthritis, may also be useful
in psoriasis.66 Recent studies in various diseases and
Schniezler’s syndrome support the idea that targeting
the IL-IR may be a promising way to follow in the
future. Studies in AD are currently lacking.

IL-2

DAB389IL-2 (denileukin diftitox) was the first IL-2
receptor specific fusion protein in which the receptor
binding domain of the diphtheria toxin has been
replaced by human IL-2 and the membrane translocat-
ing and cytotoxic domains have been retained. Clinical
and laboratory investigations have demonstrated a
selective destruction of IL-2 receptor expressing
T lymphocytes and DAB389IL-2 has been used success-
fully in clinical trials for the treatment of cutaneous
T-cell lymphomas and psoriasis. The most common
side effects observed were flu-like symptoms with
severity increasing at higher doses.67,68

Antibodies against the IL-2Rα chain (daclizumab,
basiliximab, and inolimomab), antibodies against T-cell
markers, and IL-2/toxin fusion proteins are currently
being investigated in many T-cell-mediated diseases.
According to clinical studies there is some evidence for
the efficacy of anti-IL-2 in the treatment of psoria-
sis.69–71 Recently, in a patient with severe chronic AD
the successful use of basiliximab, a chimeric anti-IL-2
receptor monoclonal antibody, has been reported.72

IL-4, IL-5

In animal experiments it has been shown that IL-4 shifts
the differentiation of naïve and probably also memory
T cells towards a Th2 phenotype in an antigen-specific
fashion. Analysis of mite infestation in various knockout
mice revealed that IgE production in response to these
ectoparasites was dependent on T cells, IL-4, and
CD40L.73 A recently published clinical study indicates
that the treatment of psoriasis with rhIL-4 results in a sig-
nificant improvement of the PASI score (up to 80%)
within 6 weeks and seems to be well tolerated.74 Thus
IL-4 appears to have a considerable potential for the treat-
ment of Th1-mediated diseases. In patients with atopic
asthma, promising results with soluble IL-4 receptor
(altrakincept) and anti-IL-5 Mab (mepolizumab) have

been reported.75 Thus far, no clinical trials have been pub-
lished using anti-IL-4-directed therapies in patients with
AD. Thus, these biologics appear to be promising thera-
peutic tools for the treatment of AD. 

IL-16

IL-16 is secreted from keratinocytes and Langerhans cells
(LCs) and is an important chemokine for the recruitment
of CD4+ T cells, monocytes, eosinophils, and LCs in
the inflamed skin. Serum and RNA expression of this
cytokine positively correlate with the acuity of AD.76 Its
therapeutic potential has been considered to be beneficial
for the treatment of AD, as well as asthma and inflamma-
tory bowel disease. For example, IL-16 downregulates
antigen-driven T cell activation as well as Th2 cytokine
production. So far, no clinical trials have been published
using agonists of IL-16.

IL-18 binding protein

Il-18 has been shown to be involved in the pathophysiol-
ogy both of AD and psoriasis. Of note, transgenic mice
overexpressing IL-18 have been shown to form AD-like
lesions. Its binding partner, the decoy receptor IL-18 bind-
ing protein (IL-18 BP) also suppresses inflammatory
responses during contact hypersensitivity. This concept
has to await further clarification.77

IL-31

An auspicious member of the cytokine family for the
treatment of AD is IL-31 (reviewed in78,79). Of note,
transgenic mice overexpressing IL-31 released by
T cells and macrophages showed an AD-like skin disease
consisting of a T-cell infiltrate and pruritus, similar to AD
in humans. IL-31 activates the IL-31 receptor (IL-31R), a
heterodimeric receptor composed of the IL-31 receptor A
(IL-31RA) subunit and the oncostatin M receptor
(OSMR) subunit. Interestingly, IL-31 is upregulated in
pruritic forms of cutanous inflammation.80,81 These find-
ings were recently confirmed in mice: in NC/Nga mice,
the expression of cutaneous IL-31 mRNA with scratching
behaviour was significantly higher than that in NC/Nga
mice without scratching behaviour. Thus, IL-31 may 
participate in the cause of itch sensation and promote
scratching behaviour.82,83 IL-31 may be a new link
between the immune and neural systems by regulating
inflammation as well as itch. Therefore, soluble IL-31 as
well as the IL-31R are potential targets for the treatment
of AD.

Anti-IgE

In AD, an important therapeutic pathway lies in the IgE-
induced blockade of FcεRI receptors on LCs. Strategies
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to block IgE using a humanized murine neutralizing anti-
body (omalizumab)84–87 directed against the high affin-
ity IgE receptor in patients with moderate and severe
asthma have demonstrated significant steroid-sparing
effects.81,88 The combination treatment with anti-IgE in
addition to specific immunotherapy was found to be
effective in polysensitized children and adolescents with
seasonal allergic rhinitis.89 A humanized Mab directed
against IgE (rhuMab-E25) also successfully blocked the
interaction of free IgE with mast cells and basophiles.
Moreover, placebo-controlled studies demonstrated a
clinical effect in patients with allergic rhinitis and moder-
ate to severe asthma.90 Recent reports indicate the
efficacy of omalizumab in a certain subgroup of AD
patients. Unfortunately, no placebo-controlled double-
blind studies exist thus far for AD.91 However, one
may expect that the anti-IgE strategy may be capable
of reducing the relapse frequency for AD rather than
healing acute lesions in AD patients.91

Interferon-γγ

As a cytokine, IFN-γ drives the T-cell response into a Th1
direction. It potently inhibits IL-4, IL-5, and IgE synthe-
sis, and suppresses Th2 proliferation. Accordingly, sev-
eral clinical studies have focused on the therapeutic
effects of IFN-γ to combat AD. More than a decade ago,
Hanifin et al had already demonstrated that once daily
subcutaneous injections of recombinant IFN-γ signifi-
cantly reduced the eczema over a 12-week period.
Moreover, the compound was a safe, well-accepted, and
effective drug reducing itching, clinical symptoms, and
eosinophilia in severe AD.92 Clinical as well as experi-
mental examinations revealed that a higher dosage
(1.5 × 10E6 IU/m2) was superior as far as the maintenance
of clinical improvement was concerned in comparison to
a lower dosage (0.5 × 10E6 IU/m2). An anti-human IFN-γ
antibody (HuZAF) has been tested in phase I/II trials for
the treatment of Crohn’s disease.93,94 It has also been
used in a placebo-controlled clinical trial for the treat-
ment of moderate to severe AD. Interestingly, approxi-
mately 50% of the patients responded to a subcutaneous
treatment over 6 weeks with a continuous improvement
over 3 months.95,96 In sum, although IFN-γ appears in
principle to be an interesting target, success is hampered
from a relatively low efficacy of this drug in AD, as well
as adverse effects such as flu-like symptoms and the sub-
cutaneous application.

TNFαα

Several different agents that neutralize the proinflam-
matory cytokine TNFα such as a humanized antibody
(infliximab), a full human antibody (adalimumab), and
a protein containing the TNFα receptor (TNFαRII)
fused with a humanized immunoglobulin fragment

(etanercept) are available for the treatment of inflam-
matory diseases,2,97,98 with psoriasis or psoriasis arthri-
tis as an approved indication98–103 in addition to
rheumatoid arthritis or Crohn’s disease. A pegylated
form of a recombinant soluble human TNFα receptor
is currently under investigation (Pegsunercept).

Certain, mainly in vitro data indicate a role of TNFα
in the acute or chronic phase of AD.60 In clinical trials,
however, a beneficial effect of infliximab was only
observed in 2 of 9 patients.104 In contrast, patients were
observed who developed AD lesions after infliximab
therapy.105,106 According to the fact that TNFα does not
appear to play an essential role in the pathophysiology of
AD or even ameliorate this disease, TNFα blockers do
not seem to be beneficial for the treatment of AD.

CD2 (LFA3)

In a preliminary clinical trial, an antibody binding
to CD2 (siplizumab) which is expressed on memory
effector T lymphocytes was successfully evaluated in
psoriasis.107 Its counterpart, LFA3TIP (alefacept), is a
human fusion protein where the CD2-binding domain
of LFA3 has been linked to the Fc portion of human
IgG1, leading to functional blockade of the LFA3/CD2
pathway.108 Thus alefacept by binding to CD2 inhibits
the function of CD4+ and CD8+ T cells and selectively
reduces memory-effector CD45RO+ T cells. Treatment
with alefacept (12 weeks) significantly improved psori-
asis in comparison to placebo, and a second course of
alefacept after 12 weeks was found to provide addi-
tional benefit. Alefacept has been shown to provide
long-lasting periods of remission. It was well tolerated
without any serious short-term side effects.109–111

However, monitoring of CD4+ cells may be required.
Alefacept was the first biologic which has been
approved in the USA for the treatment of psoriasis. The
IL-13 production by peripheral blood T cells from AD
patients does not require CD2 costimulation.112

Expression of and responses to CD2 and CD3 in
18-month-old children with and without AD. Atopy was
associated with a low proportion of CD2+ lymphocytes.
Responsiveness to PHA, which activates lymphocytes
partly via the sheep erythrocyte receptor, CD2, was
reduced in the allergic children. The anti-CD3-induced
proliferation declined more rapidly with antibody dilution
in the allergic than in the non-allergic children. AD was
associated with high levels of anti-CD3-stimulated IL-5
secretion. The IL-4/IL-10 and IL-4/IFN-γ ratios were
higher in children with elevated total immunoglobulin E
(IgE) levels. Skin prick test (SPT)-negative children with
eczema produced higher levels of IL-10 than SPT-positive
children. In conclusion, atopic children have a reduced
T-cell function. AD is associated with increased IL-5 pro-
duction, while high total IgE levels are associated with
high IL-4/IFN-γ and IL-4/IL-10 ratios.113
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CD3, CD4

An antibody directed against CD3 (visilizumab), a
component of the T-cell receptor complex which is
expressed on all T lymphocytes, has been reported to
have some therapeutic activity in psoriasis but may not
be further developed for this indication.114 Several anti-
bodies have been constructed against CD4 expressed
on Th cells. According to first clinical trials, HuMax-
CD4 and OKT(R)cdr4a appear to be effective in the
treatment of psoriasis.51,115

CD11a (LFA-1)

Another promising approach to treat T-cell-mediated
diseases is to develop agents that disrupt antigen presen-
tation and thus T-cell activation. Accordingly, antibod-
ies against costimulatory molecules or fusion molecules
consisting of costimulatory molecules and Fc portions
of human IgG have been developed. Efalizumab is a
humanized antibody that binds to the α chain of LFA-1
(CD11a), blocks T-cell trafficking to the dermis and
epidermis and inhibits secondary activation of T cells.116

Side effects consisted of an increased incidence of
flu-like symptoms but no organ toxicity. Phase III clini-
cal trials for the treatment of psoriasis are currently
ongoing.109,117 For AD,118–120 recent reports118,120 or
studies119 have demonstrated efficacy.121–123

CD20

Several clinical studies are currently being performed
using strategies that target pathogenic B lymphocytes or
T lymphocytes. One may hypothesize that antibodies
may have a beneficial effect on the onset of AD when the
production of antibodies such as IgE (in IgE-associated
AD) may be beneficial. Treatment of CD20 expressing
B-cell lymphomas with anti-CD20 (rituximab), a chimeric
monoclonal antibody, appears to be promising according
to first clinical studies.124,125 Moreover, rituximab was
recently shown to be effective for the treatment of recal-
citrant, life-threatening pemphigus.126 For AD, no clini-
cal studies exist. The adverse effects observed during the
treatment of autoimmune diseases may be limiting for
the use of anti-CD20 antibodies in AD.

CD25

A human antibody against CD25 (daclizumab) has
already been used for the treatment of asthma and in
transplantation medicine. Daclizumab blocks the inter-
action of IL-2 with its receptor. Daclizumab (Zenapax),
the humanized form of this antibody, was first approved
by the FDA for the prevention of renal allograft rejec-
tion. Daclizumab was also shown to be of value for the

treatment of patients with non-infectious uveitis, multiple
sclerosis, and a neurological disease, defined as human
T-cell lymphotropic virus-I associated myelopathy/tropical
spastic paraparesis (HAM/TSP). Therapeutic efficacy
with daclizumab was also shown in patients with pure
red cell aplasia, aplastic anaemia, and psoriasis. Thus,
blocking the IL-2/IL-2 receptor system by daclizumab
provides a powerful strategy for the prevention of organ
allograft rejection and the treatment of patients with
select autoimmune diseases. In AD, no controlled studies
have been performed to date.

CD28, CD40, CD80

CTLA-4 Ig is a recombinant fusion protein that con-
tains the extracellular domain of the human CTLA-4
fused to human IgG1 thereby functioning as a high
affinity CD28/CTLA-4 antagonist. CTLA-4 Ig inhibits
T-cell activation by binding to B7 on antigen-present-
ing cells. Preliminary data indicate that treatment with
CTLA-4 Ig appears to be an effective therapy for psori-
asis and atopic diseases.127–130

Antibodies against costimulatory molecules such as
CD40 (IDEC-131) or CD80 (IDEC-114) are being
investigated and in some first clinical trials were found
to be promising, safe and well tolerated for the treat-
ment of psoriasis.51,131 No controlled clinical studies
have been published thus far in patients with AD.

T-cell receptor targeting

Restricted T-cell receptor (TCR) gene use has been
reported in populations of activated T cells isolated
from autoimmune diseases such as rheumatoid arthri-
tis, multiple sclerosis, and psoriasis. One possible strat-
egy for treating psoriasis was therefore to target the
appropriate TCR on autoreactive T cells. Vaccines
based upon these TCRs have been developed and their
safety has already been demonstrated in first clinical
trials using Vβ3 and Vβ13.1 TCR peptides.28

Transcription factors, signalling molecules

Inhibition of transcription factors such as NFκB which
plays an important role in the regulation of inflammatory
signals is of particular interest. Recently, a protein con-
sisting of the amino terminal region of the regulatory pro-
tein NEMO (NFκB essential modifier), which is required
for the activation of NFκB, has been found to selectively
inhibit NFκB and thus may be developed as an anti-
inflammatory compound.33 Moreover, the carboxy ter-
minal tripeptide of α-melanocyte-stimulating hormone
(αMSH) was also found to block NFκB activation and to
exert anti-iflammatory and immunomodulating activities
in vivo.132 Other interesting targets are MAP kinases

21-Reitamo-8037.qxd  2/22/2008  10:24 AM  Page 254



EXPERIMENTAL THERAPEUTIC STRATEGIES FOR THE TREATMENT OF ATOPIC DERMATITIS 255

which are involved in the expression of proinflammatory
genes and chronic inflammation.133

The rationale for this therapeutic option is to inter-
rupt the recruitment of inflammatory leukocyte to the
site of inflammation. The first selectin antagonist, CY-
1503 (Cylexin), a sialyl Lewis(X) mimetic, did not
cause significant effects as compared to controls. An
anti VLA-4 approach (Tysabri) was also unsuccess-
ful,134–136 This may be due to redundant molecules or
receptors. Thus, the question of whether adhesion mol-
ecules may be promising targets for the treatment of
AD is still open.137

Chemokine inhibitors and chemokine
receptor blockers

Chemokine receptor antagonists (CCR1, CCR2, CCR4,
CCR5, CCR10, CXCR3, CXCR4) have been discussed as
promising therapeutic targets for the treatment of inflam-
matory skin diseases including AD.138 This is based on
their ability to interfere with leukocytes thereby suppress-
ing their recruitment to the skin. This may prevent acute
inflammatory excema and lead to long-term remissions of
AD. In particular, small molecule antagonists against
CCR4 (AMD-3100),139–141 CCR5 (UK427, UK857,
SCH-C, SCH-D, TAK-449)142,143 and/or CCR10 represent
promising targets to prevent the recruitment of pathologi-
cally relevant skin-homing CLA+ memory T cells to the
inflammatory cutaneous site.138,144 However, applied
into the lesional skin, chemokine antagonists may fail
to show significant effects. One problem is that one of
the relevant effector cells, the T lymphocyte, has
already entered the skin, and has already been acti-
vated by its specific antigen.138

ααMSH

α-Melanocyte-stimulating hormone (α-MSH) is a tride-
capeptide derived from the proopiomelanocortin by post-
translational processing. Various studies demonstrated
evidence for α-MSH being a potent anti-inflammatory
agent. These effects are mediated via centrally expressed
melanocortin receptors orchestrating descending neuro-
genic anti-inflammatory pathways. α-MSH also exerts
anti-inflammatory effects on immune cells in the skin,
suppresses TNFα production, modulates NFκB activa-
tion, expression of adhesion molecules and chemokine
receptors, production of proinflammatory cytokines and
mediators, IL-10 synthesis, T-cell proliferation and activ-
ity, inflammatory cell migration, and apoptosis. The anti-
inflammatory capacity has been validated in in vivo
studies of experimentally induced fever, irritant and aller-
gic contact dermatitis, cutaneous vasculitis and fibrosis,
in ocular, gastrointestinal, brain, and allergic airway
inflammation, and arthritis. In contrast to α-MSH, the

C-terminal tripeptide KPV lacks the side effect of
pigmentation. KDPT, a derivative of KPV, also exerts
potent anti-inflammatory effects. The physiochemical
properties and the expected low costs of pharmaceutical
production render these agents suitable for the future
treatment of immune-mediated inflammatory skin and
bowel diseases, allergic asthma, eye disease, and arthritis.
In humans, the superpotent α-MSH analogue NDP-
MSH was recently applied at doses up to 0.16mg/kg.
Adverse events were minimal and consisted only of occa-
sional gastrointestinal upset and facial flushing.145 Of
note, no pigmentation was observed. α-MSH and KPV
also possessed antimicrobial activity against S. aureus
and Candida albicans, two major and representative
pathogens.146 It is speculated that D-enantiomers of KPV
are relatively stable against peptidase activity compared
with their stereochemical analogues suggesting a promis-
ing anti-inflammatory drug for the treatment of inflam-
matory skin diseases including AD.147

Tryptase

Recent findings indicate an important role for mast
cell-derived tryptase in the pathophysiology of hyper-
sensitivity, atopy, and pruritus.148 Tryptase is a serine
protease released from mast cells upon stimulation.
In the extracellular space, tryptase builds a tetramer
stabilized by heparin. It can exert various effects in the
extracellular space by binding to matrix proteins.149

Additionally, tryptase can cleave and activate a G-protein-
coupled receptor, defined as proteinase-activated
receptor-2 (PAR-2). By this unique mechanism, tryptase
can modulate the function of keratinocytes,150 endothe-
lial cells,151–153 nerves,154 and mast cells,155 probably in
an autocrine fashion. Proof-of-principle as well as
human studies in patients with pruritus demonstrated
tryptase to be involved in the pathophysiology of itch-
ing in uraemic and AD patients.156,157 Thus, inhibitors
of tryptase or antagonists of PAR-2 may be beneficial
for the treatment of AD, especially with respect to both
its inflammatory and pruritic symptoms. Future studies
with tryptase inhibitors such as nafomastate or novel,
currently developed PAR-2 antagonists will have to
show whether this pathway may be beneficial for the
treatment of AD. 

SUMMARY AND CONCLUSIONS

In the last decade, the spectrum of therapeutic strategies
for inflammatory skin diseases has largely emerged.
Progress in biotechnology such as the possibility of gener-
ating humanized molecules targeting specific cellular
structures has enabled the development of novel agents.
Many of these biologic compounds are recombinant

21-Reitamo-8037.qxd  2/22/2008  10:24 AM  Page 255



256 TEXTBOOK OF ATOPIC DERMATITIS

proteins targeting specific soluble or cellular molecules.
They are currently being investigated in clinical trials for
their efficacy in the treatment of inflammatory skin dis-
eases. Accordingly, psoriasis which is considered as a Th1-
cell- and possibly autoimmune-mediated disease has been
chosen to evaluate most of the different immune-targeted
therapeutic approaches, therefore being a ‘pioneer-dis-
ease’ for the development of novel therapies of immune-
mediated skin diseases. Moreover, psoriasis is a visible
autoimmune disease which has certain pathogenic fea-
tures in common with other autoimmune diseases such as
rheumatoid arthritis or inflammatory bowel disease.
Accordingly, several new agents such as alefacept, efal-
izumab, pimecrolimus, and others have primarily been
developed for the treatment of psoriasis and subsequently
may be introduced for the treatment of other autoimmune
diseases.

However, there is still no ideal cure available for AD,
a disease with a complex and not completely under-
stood pathomechanism. Therefore, it is not surprising
that the application of the new biologics or drugs has
only rarely resulted in complete remission, and never in
all patients. In the future, the combined use of agents
aimed at different pathogenetic ‘pathways’ of this dis-
ease will improve the therapeutic efficacy and allow
the identification of novel disease-relevant molecules.
Considering our increased understanding about the
pathophysiology of AD, and about the multiple prom-
ising anti-inflammatory approaches which derive there-
from, we predict improved therapeutic strategies for
the treatment of excema lesions and pruritus in AD. 
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itch sensation, vs non- AD individuals 118
models see animal models
pathogenesis 25–33

pathophysiology 30–1
predisposing factors 25–7
provocation factors 27–9

psychosomatic aspects 131–7
quality of life issues 139–46
types 25, 38
vs psoriasis, infection prevalence 61

atopic march
defined 235
prevention/reversal, human studies 241

Atopiclair 154
atopy, nature of disease 235
atopy patch tests 27, 107–9, 224

Finn chambers 109
food allergens 93–4
Malassezia yeasts 79
as provocation tests 108
technical variation, table 107
vehicle (petrolatum) 109

auricular eczema 5
autoallergens, cDNA cloning 28
autonomic cutaneous nerves,

and pruritus 117–18
azathioprine 207–10
clinical experience 209–10
drug interactions 209
mechanism of action 207–8
metabolism 208
monitoring 208–9
severe AD 207
structure 207
toxicity and side-effects 208
treatment regimen 208

B

basophils, induction of pruritus 121
bath PUVA 188
bedding, house dust mites 110
behavioural management techniques 135–6, 149

scratch behaviour reversal training 123–4, 149
see also pruritus

behavioural psychotherapy (CBT) 135–6
beta-defensins, antimicrobial peptides in skin 61
beta-glucocerebrosidase 48
betamethasone 224
betamethasone valerate 227, 230

pimecrolimus cream, double-blind and 227
tacrolimus ointment, double-blind 226–7

BIIF-1149 119
biologics, new treatments 249–53

nomenclature 249
tables 246, 248

blanch, delayed 10

breastfeeding
maternal elimination diets 94–5, 151
maternally ingested allergens 88, 151

brivudin 74
bronchial asthma 227, 235–42

AD and T cells 237–43
animal models of allergic diseases 236–41
atopic airway disease 236
atopic march prevention/reversal 241
calcineurin inhibitors, effects on AD and atopic airway

disease 241
IgE/non-IgE-mediated 236

bullous autoimmune diseases 232

C

calcineurin 222
calcineurin inhibitors 52, 65, 221–32, 245–7

advantages 246–7
bronchial asthma and atopic airway disease 241
clinical studies of AD with 224–30
future prospects 229–30
mode of action 222–4
origin of 221–2
potential systemic exposure by 224
short and long-term management 224–9
suppression of pruritus 120, 125
see also pimecrolimus; tacrolimus

calcitonin gene-related peptide (CGRP) 118
Candida albicans

delayed-type hypersensitivity 80–1
gastrointestinal colonization 80
patch tests, table 80
skin colonization 77, 80–1
skin prick tests, table 80
specific IgE 80

cannabinoids, suppression of pruritus 120
capsaicin 125
carcinogenesis

PUVA 189, 191
PUVA vs UVB narrow-band 189
UVB broad-band vs narrow-band

phototherapy 187
cat dander 109
cathelicidins 61, 226
cathepsins 43
CD2 (LFA3) 251
CD3, CD4 252
CD11a (LFA-1) 252
CD20, CD25, CD28, CD40, CD80 252
cDNA cloning, autoallergens 28
ceramides 26, 154

creams as barrier-repair creams 154
cetirizine 201, 204

evaluation in AD 202–3
pharmacokinetics 200

cheilitis 9
chemokine receptor blockers 253
chemokines, thymus and activation-regulated

(TARC) 30, 103
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chlorpheniramine
evaluation in AD 202, 204
pharmacokinetics 200

ciclosporin 210–14, 221–2, 224
clinical experience 214
drug interactions 213–14
mechanism of action 211
metabolism 212
monitoring 212–13
skin cancer and 230
structure 211
suppression of pruritus 125, 214
toxicity and side-effects 212
treatment regimen 211–12
with UVB narrow-band phototherapy 188

cimetidine, evaluation in AD 203
clemastine, evaluation in AD 202
clinical features of AD 1–12
clobetasol propionate 50
clothing 149–50
cognitive behavioural psychotherapy (CBT) 135

Beck’s cognitive model 136
collagens, COL29A1 20
combination phototherapy, UVA/B 189–90
conjunctivitis 9
contact allergens 28
coping 134–5
corneocytes see epidermal barrier; stratum corneum
corneodesmin (CDSN) 43
corneodesmosomes see desmosomes and the skin barrier
corticosteroids see glucocorticosteroids
cow’s milk allergy 87, 150–1

IgE levels 152
cutaneous lymphoid antigen (CLA), T cells 62–3, 103
cutaneous microcirculation as trigger factor,

pathogenesis of AD 28–9
CyA 247
cyclophilin 222
cyproheptadine

evaluation in AD 202
pharmacokinetics 200

cystatin A (protease inhibitor) 39–40, 44
+344c variant

breakdown of desmosomes 45
decrease in sweat 44–5

decrease in AD 41–9
normal skin 44–5

cystatin M/E 43, 44
cytokine gene cluster 16–17
cytokine traps 249
cytokines, inflammatory 30

induction of pruritus 121–2
cytosine-phosphate-guanine (CpG) motifs 249

D

defensins 226
dendritic cells (DCs) 30–1
Dennie-Morgan infraorbital fold 9, 10, 11
dermatomyositis 232

dermographism 10
desloratadine 201

pharmacokinetics 200
desmocollin (DSC) 40, 42
desmoglein (DSG) 40, 42
desmoplakin (DP) 43
desmosomes and the skin barrier 39–51

protease inhibitors 39–45
desquamation 40–1
detergents see soaps/detergents
differential diagnosis of AD 11–12
dinitrochlorobenzene (DNCB) Figure 221, Figure 222
diphenhydramine

evaluation in AD 202
pharmacokinetics 200

disseminated granuloma annulare 232
doxepin 124
dressings

hydration therapy 158
wet wrap dressings 158–62

drugs, new treatments 245–9

E

eczema
genetics 13–24

genome screens, table 21
incidence 13
positional cloning 14, 19–21
susceptibility genes, genome-wide linkage studies 20

Eczema Area and Severity Index (EASI) 225–6, 227, 228
eczema herpeticum 8, 70–5, 228

diagnosis 71–2
pathogenesis 72
prevention, vaccination 75
therapy 72–5

antivirals 73–4, 157
interferon 75
mucocutaneous lesions 74–5
ophthalmic treatment 74
topical treatment 74

eczema molluscatum 8, 69–70
eczema vaccinatum 70
education, patient references 148
egg allergy 87, 150–1

IgE levels 152
emollients 123–4

aqueous cream (soap substitute), contraindications 49
wash products 149

list 52
endorphins (opioids) 120
environmental factors 149
eosinophils

degranulation 29, 103
induction of pruritus 121

epidermal barrier 35–57
acid mantle of stratum corneum 48–9
clinical implications of dysfunction 52
desquamation 40–1
dryness as trigger factor, pruritus perception in AD 122–3
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gene regulation 36, 41–5
hydration therapy, ‘failure’ 147–8
integrity dysfunction, genetic mechanisms table 42–3
penetration of topical substances 36–57
skin-specific susceptibility factors 20
structure/function 39–41

disturbance in AD 26–7
inter-individual variations 38
intra-individual variations 36–8
penetration of allergens (500 D–20kD) 235
thickness in various body sites 37–8

surfactant damage 31, 49
erythema, facial 5, 10
erythroderma 6
erythrotelangiectatic rosacea 232
experimental treatment 245–54

biologics 249–53
drugs 245–9

novel immunomodulating agents table 246
novel therapeutic approaches table 248

toll-like receptor agonists 247–9
extracorporeal photopheresis 192–3

F

famciclovir 74
FcεRI 223, 224
fexofenadine

evaluation in AD 203, 204
pharmacokinetics 200

fibronectin, Staph. aureus binding 60
filaggrin

decrease in AD 45
loss-of-function mutations on FLG 19, 45

Finn chambers, atopy patch tests 109
fish allergens 88, 150–1

IgE levels 152
FK506 see tacrolimus
fluorescent lamps

disadvantages 190
types 187
for UVA therapy 190

fluticasone ointment 225
folliculitis

Malassezia yeasts 77–80
Staph. aureus 8
after tacrolimus treatment 226

food allergy/hypersensitivity 2, 7, 27, 85–99, 150–1
animal models 90–4
atopy patch tests 93–4
genetic factors and AD 86
IgE-mediated, tables 91
immediate/intermediate/late reactions 89
oral tolerance 88
pathophysiology 88–9
Pharmacia CAP System FEIA 150–1
prevalence, tables 85–6
prevention and treatment 94–5

avoidance 150–2
hypoallergenic formulae 95

maternal elimination diets 88, 94–5, 151
probiotics 26, 95

prognosis 95
role in AD 89–90

foscarnet 74
fungal infection in AD 77–83

G

GATA-3 104
‘gate-control theory’ 118
gene–environment interactions 18
genetic mechanisms 13–24

11q13 locus 15, 26
association studies, table 15
candidate gene studies 14–18
dysfunction of epidermal integrity, table 42–3
epidermal integrity dysfunction, table 42–3
food allergy and AD 86
genome-wide linkage studies, table 19–21
mouse models, linkage studies 22
pathogenesis of AD 26
positional cloning 14, 19–21

Germany, genome-wide linkage studies 19, 20
glaucoma 173
glucocorticoid receptor (GR) 64, 168–9

selective GR agonists (SEGRAs) 176
glucocorticosteroids (characteristics/mode

of action) 165–9, 157, 170–1, 185
anti-inflammatory effects 181–2
biochemistry 181

chemical structure 165–7, 181
classification, table 167
clinical effects 166–8
potency 167
side effects 172

skin atrophy 174
table 169
see also glucocorticosteroids

(topical treatment)
therapeutic index (TIX) 168
use during UVB phototherapy 188

glucocorticosteroids (topical treatment) 169–79,
222, 223, 230–2

absorption, various regions 182
accurate prescription 148
adrenal function and plasma cortisol levels 184
age of patient 171
alternatives 52
choice 156
combinations with antiseptics/antibiotics 183–4
contraindications 52
control of compliance 171
dosing

application frequency 183
cumulative, and age of child table 184
dispensary forms 183
infants/children/adults 183
table 156
wet wrap dressings 158–62, 183
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duration of treatment 183
efficacy, table 182–3
gene–environment interactions 50–1

skin flare 50–1
golden rules (prevention of problems) 170
lack of response 156
Lotrisone, contraindications 156
management of Staph. aureus dermatitis 64
novel pharmacological approache6 174
optimizing formulation 175–6
optimizing pharmacokinetics 174–5
optimizing treatment regimen 174
percutaneous penetration 169
vs pimecrolimus cream and 227–8
pregnancy 185
prolonged use 52
prophylaxis 184
resorption 169
side effects 172–4, 184–5

ecchymoses 185
severity of AD 171
skin atrophy 173
skin vessel fragility 184–5
striae distensae 173, 185
table 169

steroid phobia 171–2, 183
vs tacrolimus ointment 226
table 155

graft-versus-host disease (GvhD) 224, 232
granulocyte-macrophage colony-stimulating

factor (GM-CSF) 223
GUq/11u protein 198

H

hand eczema 9, 148–9
herpes simplex infection 8, 70–5, 230

tacrolimus and 226
see also eczema herpeticum

high affinity IgE receptor 17
histamine

induction of pruritus 118–19
role in AD 199

histamine receptors 197–9
H1 receptors 197–8
H2–4 receptors 197–9
intracellular signalling cascades 198

house dust mites
allergen groups, table 110
allergens persist post mite death 110
atopy patch tests, as provocation tests 108
biology 109–11
control measures 151
protease (Der p1/p2) 43, 47–8, 110–11
see also inhalent allergens

H1 receptors see histamine receptors
human beta-defensin-1 (HBD-1) 61
hydration therapy 152–4

confusion of wetting and soaking 152
‘failure’ 147–8

‘soak and seal’ 152–4
wet wrap dressings 158–62

hydrocortisone acetate 226, 230
hydrocortisone butyrate 226
hydroxyzine

evaluation in AD 202
pharmacokinetics 200

hygiene hypothesis 25–6
hygiene, see also washing
hyper-IgE syndrome 18
hypoallergenic formulae, infant feeding 95

I

ichthyosis vulgaris, eczema susceptibility gene 19
idoxuridine 74
IgE levels 235–6

anti-IgE 250–1
Candida albicans 80
food allergen-specific 90–3, 152

examples, table 15
hyper-IgE syndrome 18

IgE/non-IgE-mediated bronchial asthma 236
superantigens

and severity of AD 61–3
Th1 and Th2 cells 25, 63

Th1 and Th2 cells 235
Staph. aureus binding 60

IgE receptor, high affinity 17
imidazoquinolones 249
immune response, to Staph. aureus 61–4
immunomodulators 207–20

suppression of pruritus 125
infants

breastfeeding, maternally ingested
allergens 88, 94–5, 151

food allergies 94–6
hypoallergenic formulae 95

infection
and effect on immune system,

critical time 18
see also Staph. aureus dermatitis

inflammatory dendritic epidermal cells
(IDECs) 102, 108, 223, 224

inhalent allergens 101–15
atopy patch tests 107–9
sensitization to 107
see also house dust mites

inside-outside hypothesis 35–6, 51
interferons

eczema herpeticum 75
IFN-gamma 223, 251
induction of pruritus 121

interleukins 25
cytokine gene cluster 16–17
IL-1 250
IL-2 222–3, 250
IL-4 223, 226, 230, 250
IL-5 223, 250
IL-8 223
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IL-10 223
IL-13 223, 226, 230
IL-16 250
IL-18 binding protein 250
IL-31 250
induction of pruritus 121

irritants 149, 154
ISA247 245
Italy, genome-wide linkage studies 19, 20
itch see pruritus

K

Kaposi’s varicelliform eruption see eczema herpeticum
Kawasaki syndrome 63
keratinocytes, intrinsic defect 29
keratosis pilaris 7

L

Langerhans cells, tacrolimus in 223–4
latex allergy, animal models 237
‘learned helplessness’, model 135
leflunomide 247
LEKTI (lymphoepithelial Kazal type-5

serine protease inhibitor) 41, 43
leukotriene antagonists 125
leukotrienes, induction of pruritus 122
levocetirizine 201
LFA-1 (CD11a) 252
LFA-3 (CD2) 251
lichen amyloidosus 232
lichen aureus 232
lichen planus 232
lichen sclerosus et atrophicans 232
lichenified AD 3, 4, 5, 7
life events 132–3
linkage studies, mouse models 22
lipid lamellae matrix 39–40
lipid solvents 123
LL-37 (cathelicidin, antimicrobial peptide) 61
LN2974, evaluation in AD 203
loratadine 201

evaluation in AD 203
pharmacokinetics 200

lung inflammation, animal models 237–41
lymphoepithelial Kazal type-5 serine protease inhibitor

(LEKTI) 41, 43
deficiency 41, 43
see also SPINK5

M

macrophage-derived chemokine (MDC) 30
Malassezia yeasts 77–80, 226

atopy patch tests, table 79
nomenclature 78
other immunological responses 79–80
skin prick tests, table 79
specific IgE antibodies, table 78–9

management of AD 147–64
education of caregivers 147–8
management of pruritus 123–5
see also specific subjects

mast cell chymase 14–16
increase in AD 46–7

mast cell tryptase 253
maternal elimination diets, breastfeeding 88, 94–5, 151
alpha-melanocyte-stimulating hormone (alpha-MSH) 253
Mendelian diseases 18–19
methotrexate 214–16

clinical experience 216
drug interactions 216
mechanism of action 214–15
metabolism 215
monitoring 216
structure 215
toxicity and side-effects 215
treatment regimen 215

8-methoxypsoralen 191–2
microbial peptides in skin

antimicrobials 61, 101
UVB narrow-band phototherapy 189

microcirculation as trigger factor,
pathogenesis of AD 28–9

milkscale (prurigo Besnier) 2
Mimyx 154
minimal erythema dose (MED; of phototherapy) 187
mites see house dust mites
moisturizers 153–4

ointment/cream/lotion/oil 154
molluscum contagiosum 8, 69–70

eczema molluscatum 8, 69–70
momentasone furoate 225
monocytes, in allergic AD 29
mouse see animal models
mycophenolate mofetil 217–18

clinical experience 217–18
drug interactions 217
mechanism of action 217
metabolism 217
monitoring 217
structure 217
toxicity and side-effects 217
treatment regimen 217

N

natural moisturizing factors (NMFs) 44–5
decrease in AD 45

neck folds 11
nerve growth factor (NGF) 118
Netherlands, genome-wide linkage studies 19, 20
Netherton syndrome 12, 18, 44, 224, 229

SPINK5 18–19, 41
neurological pathway of itch 117–21
neuropeptide Y-positive nerve fibres 119
neuropeptides

induction of pruritus 119
and stress 133–4
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neuroreceptors 118–21
neurotrophin-4, induction of pruritus 121
new (experimental) treatments 245–54

novel immunomodulating agents (table) 246
novel therapeutic approaches table 248

NFkappaB essential modifier (NEMO) 252
nipple eczema 9
nuclear factor of activated T-cell protein

(NF-ATp) 222, 223, 224
nummular AD 3, 5

O

oedema, facial 5
oedematous rosacea 232
olopatadine, evaluation in AD 203
ophthalmic therapy, eczema herpeticum 74
opiate receptor antagonists 125
opioids, suppression of pruritus 120
oral tolerance, food allergens 88
orbital darkening 9
orbital folds 9, 10, 11
outside-inside hypothesis 35–6, 51
oxatomide, evaluation in AD 203

P

palmitoyletnanolamine 120
papulopustular rosacea 232
parent-of-origin effects 13
pathogenesis of AD 25–33

allergens 27–8
disturbance of skin function 26–7
genetic mechanisms 26
immunopathogenic factors 29–30
neuroimmunological factors 28–9

peanut allergy 87, 150–1
IgE levels 152

penciclovir 74
peptides see microbial peptides in skin
perianal dermatitis 232
personality, psychosomatic aspects of AD 132
petrolatum, atopy patch tests 109
PGP-positive peripheral nerves 118
Pharmacia CAP System FEIA,

food allergens 150–1
photochemotherapy 191–2
photopheresis, extracorporeal 192–3
phototherapy 187–93, 231

adverse effects 188
fluorescent lamps 187
itch and sweating 188
Staph. aureus dermatitis 65
UV-free 193
UVA/B 189–90
UVA(1) 190–1
UVB 187–9

action 189
UVB broad-band vs narrow-band 188

carcinogenesis 187

UVB narrow-band
with ciclosporin A 188
effect on microbial peptides 189

vs UVA1 189
pimecrolimus cream 221, 230

adverse events with 229
cancer and 229–30
vs corticosteroids 227–8
long-term studies with 228–30
mode of action 222–4
origin 222
pharmacokinetics of 228–9
vs placebo 227
potential systemic exposure by 224
short-term studies 227–8
see also calcineurin inhibitors

pityriasis 77
P. ovale, reactions to 27

platelet-activating factor, induction of pruritus 121–2
pollen 109
probiotics 26, 95
proinflammatory immune response,

Staph. aureus-derived enterotoxins 27–8
promethazine

evaluation in AD 202
pharmacokinetics 200

protease inhibitors
decrease in AD 41–9
normal skin 39–40
see also cystatin A; LEKTI

proteases 39–41
epidermal integrity dysfunction, table 42–3
exogenous 47–8, 123
secondary 45–7

proteinase-activated receptor-2 (PAR-2) 120, 253
prurigo Besnier (milkscale) 2
pruritus 6–11, 117–29

defined 117
immunological pathways 106
induction, table 118–20
management 123–5
neurological pathway and neuroreceptors 117–21

central transmission/sensitization 118
cutaneous neuroreceptors 118–21
sensory and autonomic cutaneous nerves 117–18

perception, trigger factors 122–3
scratch artefacts 123
scratch behaviour

and Staph. aureus-derived enterotoxins 27
as trigger factor 122–3

scratch behaviour reversal
training 123–4, 135–6, 149

and Staph. aureus adhesion 60
suppression, table 119, 120–1

psoralens
extracorporeal photopheresis 192–3
8-methoxypsoralen 191–2

bath vs cream 191
bath–PUVA 188

oral/topical 191
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psoriasis 20
UVB phototherapy 187
vs AD 61

psychodynamic psychotherapy 135–6
psychosocial burden of AD 134, 148–9
psychosomatic aspects of AD 131–7

model of ‘learned helplessness’ 135
therapy 134–6

PUVA (photochemotherapy) 191–2
bath vs cream 191–2
extracorporeal photopheresis 192–3
vs UVB narrow-band, carcinogenesis 189, 191

pyoderma gangraenosum 232
pyrolidine carboxylic acid 44

Q

quality of life in AD 139–46
compared with other diseases 143–4
definition 140
historical development 139–40
recording

notes 144–5
tables 140–2

R

RANTES, candidate gene for eczema 17–18, 30

S

SCCE (KLK7) 41, 42, 44
Schwann cells 118
scratch artefacts 123
scratch behaviour see pruritus
scratch behaviour reversal training 123–4, 135–6, 149
seborrheic dermatitis 77

skin pH 48
seborrhoeic eczema 232
self-treatments, harmful 123
sensory cutaneous nerves, and pruritus 117–18
serine leuko-protease inhibitors (SLPIs) 41, 43
shellfish allergens 88
siplizumab 251
sirolimus 247
skin barrier see epidermal barrier
skin cancer

pimecrolimus and 229–30
tacrolimus ointment and 227

skin flare, and corticosteroids 50–1
skin function, disturbance in AD 26–7
skin hydration see hydration therapy
skin pH

acid mantle of stratum corneum 48–9
and neutral pH buffers 48
variation in skin diseases 48–9

skin prick tests
Candida albicans 80
diagnosis of food allergy 93
Malassezia yeasts 79

skin-derived antileukoprotease (SKALP) 41, 43
skin-specific susceptibility factors 20
sleep disruption 148
soap/detergent products 149–50

and skin pH 49, 51
and water use 1961–1998 35

sodium lauryl sulphate 49, 154
soy allergy 87–8

IgE levels 152
sphingomyelinase 48
SPINK5 18–19, 41

transgenic studies 41–4
Staph. aureus 59–68

fibronectin-binding proteins (adhesins) 60
immune response to 61–4
increased adherence 60
mechanisms for enhanced colonization 59–61
normal skin 59
after tacrolimus treatment 226

Staph. aureus dermatitis
folliculitis 8
management 64–5

antibiotic/steroids 64
antibiotics 157
antiseptics 64
non-antibiotic 64–5
phototherapy 65
tacrolimus 65

staphylococcal enterotoxins
alpha toxin 63–4
B (SEB), effects on skin 63
proinflammatory immune response 27
superantigens, table 61–3

steroid phobia 171–2
stratum corneum

acid mantle of 48–9
defects in AD 36–41

stratum corneum chymotryptic enzyme (SCCE) 39, 41, 42
excess production 45–7, 48–9

stratum corneum thiol protease (SCTP) 42
stratum corneum tryptic enzyme (SCTE) 41, 42
Streptomyces spp., calcineurin inhibitors 222
stress as trigger factor

neuropeptides 133–4
pathogenesis of AD 28–9
pruritus perception 122–3
psychosomatic aspects 131–7

substance P, and histamine release 118, 119
sunlight exposure 149–50

see also UV
sunscreens 150
superantigens (Staph. aureus-derived enterotoxins) 27–8

IgE levels and severity of AD 61–3
pathogenesis of AD 61–3

surfactants, damage to epidermal barrier 31, 49, 149
susceptibility factors 20
sweat, +344c variant, cystatin A (protease inhibitor) 44
sweating as trigger factor, pathogenesis of AD 28–9
Sweden, genome-wide linkage studies 19, 20
swimming 150
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systemic immunomodulation 207–20
systemic lupus erythematosus 232

T

T cells
bronchial asthma 235–6
cutaneous lymphoid antigen (CLA) 62–3, 103
differentiation 104
infiltrates, antigen specificity 105–7
skin infiltration in lesions 29–30

T helper (Th1 and Th2) cells 104–5, 235
dysbalance 105
Staph. aureus binding 60
superantigens, IgE levels 25, 63

T-cell receptor targeting 252
tacrolimus ointment 52, 65, 221

adverse events after 226
long-term studie 225–7
mode of action 222–4
molecular structure 222
origin 222
pharmacokinetics 226
vs pimecrolimus cream 225
placebo-controlled studies 225
potential systemic exposure by 224
restoration of collagen synthesis 226–7
safety and efficacy 225–6
short-term studies 225
skin cancer and 227
vs topical corticosteroids 225
see also calcineurin inhibitors

tar preparations 157
terfenadine 201, 204

evaluation in AD 203
thymic stromal lymphopoietin (TSLP) 103
thymus and activation-regulated chemokine

(TARC) 30, 103
toll-like receptor agonists 247–9
toxic shock syndrome, and

eczematoid dermatitis 63
trans-epidermal water loss (TEWL) 152–4

inter-individual variations 38
and topical corticosteroids 50

transcription factors, signalling 252–3
transmission disequilibrium test (TDT) 14
triamcinolone acetonide 230
triclocarban 149, 184
trifluorothymidine eyedrops 74
trigger factors, pruritus perception in AD 122–3
trimeprazine, evaluation in AD 202
tryptase 253

induction of pruritus 120
tumour growth factor, TGFbeta1 receptor 225, 227
tumour necrosis factor, TNFalpha 223, 251

twins
concordance rates for AD 26
concordance rates for eczema 13

U

UK, genome-wide linkage studies 19, 20
urolaic acid 44
UV light exposure 149–50
UVA/B phototherapy 189–90
UVA(1) phototherapy 190–1

advantagesand disadvantages 190
mechanism of action 191
partial body 191
safety considerations 191

UVB phototherapy 187–9
action 189
broad-band vs narrow-band 188

carcinogenesis 187
narrow-band

with ciclosporin A 188
effect on microbial peptides 189
vs UVA1 189

V

vaccinia, eczema vaccinatum 70
valaciclovir 73–4
vanilloids, suppression of pruritus 120
varicella infection 11
varicelliform eruption see eczema herpeticum
vasoactive intestinal peptide 117, 119
viral warts 8
viruses 69–76
vitiligo 232

W

washing
changes in soap/detergent product and water use

1961–1998 35
confusion of wetting and soaking 152
see also hydration therapy

wet wrap dressings 158–62, 183
wheat allergy, IgE levels 152
Wiskott–Aldrich syndrome, candidate gene for eczema

18–19
wool 123

X
xeroderma, skin pH 48
xerosis as trigger factor, pruritus perception in AD 122–3

Y
yeasts, colonization of skin 77–80
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