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Atopic dermatitis is one of the most common skin conditions found in the general
population. Patients afflicted with skin disease suffer greatly as it adversely af
fects their quality of life. This book offers a new, integrating view of all aspects
relevant to the complex pathophysiology of this disorder. Each chapter provides
a comprehensive and up-to-date review of a particular field of research and also
considers links to other pathomechanisms of this disease. All aspects-especially
the newest immunoallergological and biochemical concepts-are thoroughly dis
cussed with regard to established, experimental, and potential new therapeutical
strategies.

The book is divided into several parts to make a clear presentation of the
various aspects of this disease. Part I examines the impact of atopic dermatitis,
addressing the epidemiological, psychological, and socioeconomic effects of this
disease. A distinction is also made between allergic vs. non-allergic atopic derma
titis. Part II provides an overview of the general mechanisms with in-depth dis
cussions on the immunogenetics, risk factors, skin barrier function, and immuno
logic basis of atopic dermatitis including the pathophysiology of itching, which
is the most prominent feature of this skin disease. Part III focuses on the individ
ual cell types that contribute to atopic dermatitis and therefore provides potential
therapeutic targets for intervention. Part IV reviews the immunologic triggers
(foods, inhalants, bacteria, and fungi) that aggravate atopic dermatitis, and dis
cusses how to prevent them from becoming such a problem. The final part of
the book deals with management. How should skin care be approached? What
is the current state of the art in treatment and what new treatments are on the
horizon?

As atopic dermatitis is a highly prevalent skin disease and provides impor-
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tant insights into mechanisms of allergic skin immune responses, clinicians from
many specialties, including dermatologists, allergists, family practitioners, and
pediatricians as well as medical students and experimental investigators will ben
efit from this work, which gives the information necessary for understanding the
modern management of atopic dermatitis.

Thomas Bieber
Donald Y. M. Leung
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1
Definition and Diagnosis of Intrinsic
Versus Extrinsic Atopic Dermatitis

Brunello Wuthrich
University Hospital, Zurich, Switzerland

Peter Schmid-Grendelmeier*
Swiss Institute for Allergy and Asthma Research (SIAF),
Davos, Switzerland

I. HISTORICAL ASPECTS-THE CONCEPT OF ATOPY
AND THE DISCOVERY OF IgE

In 1923 Coca and Cooke (1) introduced the term "atopy" to designate phenom
ena of hypersensitivity in humans. Atopy was adapted from the Greek word
meaning' 'out of place" or "strange disease." Atopy in the concept of Coca and
Cooke is (1) hereditary, (2) limited to a small group of human beings, (3) different
from anaphylaxis, referring to a lack of protection, and allergy, meaning an al
tered reactivity, both of which can also be induced experimentally in humans
and in animals, (4) qualitatively an abnormal response occurring only in particular
individuals (atopies), (5) clinically characterized by hay fever and bronchial
asthma, and (6) associated with immediate-type (flare-and-wheal) skin reactions.
The authors wanted to describe a familial or hereditary tendency-which does
not occur in normals-to become sensitized in a natural way to certain substances
in the environment, e.g., house dust, pollen, or food, and to develop hypersensitiv
ity reactions such as hay fever and asthma, which are associated with immediate
type (flare-and-wheal) skin reactions. At this time Coca and Cooke were evidently
unaware of the work of Prausnitz and Kiistner (2), published in 1921, about the
passive transfer of immediate hypersensitivity in humans by serum. However, 2
years later Coca and Grove (3) defined the "atopic reagins" as the specifically

1

* Current affiliation: University Hospital, Zurich, Switzerland.
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2 WOthrich and Schmid-Grendelmeier

reacting substances in the serum of atopic individuals that can be demonstrated by
the Prausnitz-KListner test. In their original definition of atopy, Coca and Cooke
included only allergic rhinitis and bronchial asthma. Wise and Sulzberger (4)
discussed in the 1933 Year Book of Dermatology and Syphilogy the conditions
of eczema, neurodermatitis, lichenification, and "prurigo diathesiques" de
scribed by the French dermatologists Besnier (5) and Brocq (6) and stated in a
footnote that:

Of all these forms of more or less confused and confusing types of localized
and generalized lichenification, at least one is emerging as a fairly distinct
and clear-cut entity. This is probably best called atopic dermatitis, but is
generally known as generalized neurodermitis or diffuse pruritus with lichen
ification. This is characterized by the following cardinal qualities: (I) atopic
family history; (2) antecedent infantile eczema; (3) localization in antecubital
and popliteal spaces, the anterior portions of the neck and chest and the face,
particularly the eye-lids; (4) the presence of a grayish or brownish coloration
of the skin; (5) the absence of true vesicles, clinically and histologically; 6)
vasomotor instability or irritability; (7) the usual negative patch test with
many contact allergens; (8) many positive reactions of immediate wheal type
to scratch or intradermal testing and (9) the presence of many reagins in the
blood serum.
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Many population studies, particularly those conducted by Schwartz (7) and
by Schnyder (8), and follow-up studies of children first seen with infantile eczema
(9,10) supported the close association of bronchial asthma, hay fever, perennial
rhinitis, atopic dermatitis, and some fonns of food allergies with classic atopic
disease. Late in the 1960s, Ishizaka and Ishizaka (11) and Johansson (12) identi
fied a new class of immunoglobulins, the IgE antibodies, as carrier of reaginic
activity, raised in atopic individuals, and, therefore, a characteristic of the atopic
condition. Shortly after the discovery of the IgE molecule it was shown that
serum IgE levels in atopic dermatitis are increased on average (13-15) and that
this serum IgE increase in related to the increase of specific IgE against several
environmental allergens (16-18). Furthermore, it was shown that the severity of
the atopic dermatitis was highly correlated to the levels of serum IgE (19-22).
However, it was also observed that in moderate or mild forms and even in few
cases of severe atopic dermatitis without a coexistent bronchial asthma or allergic
rhinitis, the IgE values were in the normal ranges (20-22).

In the following years, however, it clearly appeared that the initial criteria
for defining atopy according to Coca and Cooke could no longer be accepted
because (1) atopic diseases can also be nonfamilial, (2) "intrinsic" asthma also
has a hereditary background (7), (3) animals can also suffer from hay fever,
asthma, and atopic dermatitis and produce reaginic antibodies (23), and (4) rea
gins are not qualitatively abnormal responses. In 1976, Spector and Farr (24)
discussed the different immunological and pharmacological characteristics of
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atopic individuals and of asthmatic subjects, such as elevated IgE levels, impaired
T-cell function, decreased ~-adrenergic receptor responsiveness, etc. They
thought that there was a need for a more realistic definition of the terms allergy
and atopy and for a more disciplined use of terminology. In 1979 Lowell (25)
proposed redefining atopy to include the respiratory syndromes of asthma and
rhinitis, allergic (IgE-mediated) or nonallergic, which share a genetic predisposi
tion, eosinophilia, hyperreactivity to an a-adrenergic agent, and responsiveness
to steroids. However, this author, like Coca and Cooke, had omitted to include
atopic dermatitis in the definition of atopy.

II. DEFINITION AND CLINICAL FEATURES
OF ATOPIC DERMATITIS
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As recently as the late 1970s at least 12 synonyms for atopic dermatitis were
used, and it is unclear whether these names depicted the same clinical concept
(26). The Hanifin and Rajka consensus criteria marked in 1980 an important
milestone in listing the main clinical features of atopic dermatitis and are those
most often referred to and widely applied with regard to the diagnosis of atopic
dermatitis (atopic eczema) (27) (Table I). They stated that "at the present time
increased serum IgE can only be considered as one of the features of the disease,
possibly reflecting dysfunctional control of immunoglobulin producing cells. As
a practical test serum IgE levels offer little aid to either diagnosis or prognosis
in clinical situations." Other diagnostic criteria were elaborated in Germany by
Diepgen and coworkers (28) and in the United Kingdom by Williams and co
workers (26,29) more for epidemiological purposes to use by nondermatologists
in population-based studies. They do not consider raised IgE levels and positive
immediate type skin reactivity as an absolute prerequisite for diagnose atopic
dermatitis. The Lillehammer Criteria of 1994 (30) (Table 2) are based on the
idea that the distribution of the atopic dermatitis may differ in the infantile, child
hood, and adult phases:

I. The clinical criteria concentrate upon dermatitis of larger characteristic
areas.

2. For simplifying and didactic reasons the anamnestic criteria are identi
cal in the three phases.

3. The laboratory criteria for IgE and skinprick test have been placed
separately.

4. The criteria comprise a certain duration of the disease.

Besides full-blown atopic dermatitis, there are minor or atypical disease
manifestations. The description of these forms can be attributed primarily to
French authors in the middle of the 1960s and the beginning of the 1970s (31-



4 WOthrich and Schmid-Grendelmeier

Table 1 Guidelines for the Diagnosis of Atopic Dermatitis

Must have three or more basic features:
I. Pruritus
2. Typical morphology and distribution:

Flexural lichenification or linearity in adults
Facial or extensor involvement in infants and children

3. Chronic or chronically relapsing dermatitis
4. Personal or family history of atopy (asthma, allergic rhinitis, atopic dermatitis)

Plus three or more minor features:
1. Xerosis
2. Ichthyosis/palmar hyperlinearity/keratosis pilaris
3. Immediate (type I) skin test reactivity
5. Elevated serum IgE
6. Early age of onset
7. Tendancy toward repeated cutaneous infections (especially Staphylococcus

aureus and Herpes simplex)/impaired cell-mediated immunity
8. Tendancy toward nonspecific hand or foot dermatitis
9. Nipple eczema

10. Cheilitis
11. Recurrent conjunctivitis
12. Dennie-Morgan infraorbital fold
13. Keratoconus
14. Anterior subcapsular cataracts
15. Orbital darkening
16. Facial pallor/facial erythema
17. Pityriasis alba
18. Anterior neck folds
19. Itch when sweating
20. Intolerance to wool and lipid solvents
21. Perifollicu lar accentuation
22. Food intolerance
23. Current influenced by environmental/emotional factors
24. White dermographism/delayed blanch

Source: Ref. 27.
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33) and to Herzberg (34) in the German-speaking sphere. These special forms
and minimal variants can occur alone, together, or alternate with the more typical
eczematous, lichenoid, pruriginous, and seborrheic forms, whose occurrence is
related to age, individual predisposition, and disease duration-indicative of their
status as atopic skin manifestations. The special forms of presentation attract
attention because they are clinical and morphological variants and because of
their particular sites of location, such as the eyelids, lips, nipples, vulva, fin-



Diagnostic criteria: Visible eczema in at least one of the regions (A), and at least one positive of the anamnestic
or laboratory criteria (B, C), and at least three of the clinical, anamnestic, or laboratory criteria (A, B, C) fulfilled.
In addition, as a fourth criterion, the skin disease should always have a duration of at least 6 weeks in the
infantile phase or 3 months in the childhood and the adult phases.
Source: Adapted from Ref. 30.

Table 2 The Lillehammer Criteria for Diagnosing Atopic Dermatitis

I. The infantile phase (age <2 years)
A. Clinical

I. Eczema over the face or neck
2. Eczema on the trunk
3. Eczema on the arms or legs (extensor or flexurar sites)
4. Itching or scratch effects, including lichenification or impetigo

B. Anamnestic
5. A history of relapsing course or seasonal variation
6. A history of dry skin
7. A history of itching when sweating or wool intolerance
8. A history of respiratory atopy or positive family history of atopy in first-degree relatives

C. Laboratory
9. Elevated serum IgE or positive skin prick tests

D. Duration
10. Duration of more than 6 weeks

II. The childhood phase (age 2-12 years)
A. Clinical

I. Eczema over the face or neck
2. Eczema in the elbows or the kneefolds
3. Eczema at the wrists or ankles
4. Eczema on the hands or feet, including dermatitis plantaris sicca
5. Pityriasis alba or reversed eczema above (below) elbows/knees or toilet seat dermatitis
6. Itching or scratch effects, including lichenification or impetigo

B. Anamnestic
7. A history of relapsing course or seasonal variation
8. A history of dry skin
9. A history of itching when sweating or wool intolerance

10. A history of respiratory atopy or positive family history of atopy in first-degree relatives
C. Laboratory

11. Elevated serum IgE or positive skin prick tests
D. Duration

12. Duration of more than 3 months
lll. The adult phase (age>12 years)
A. Clinical

I. Eczema over the face or neck
2. Eczema in the elbows or the kneefolds
3. Eczema at the wrists or ankles
4. Eczema on the hands or feet, including dermatitis plantaris sicca
5. Pityriasis alba or nummular eczema on the arms or legs, or eczema on the upper trunk,

including nipple eczema
6. Itching or scratch effects, including lichenification or impetigo

B. Anamnestic
7. A history of relapsing course or seasonal variation
8. A history of dry skin
9. A history of itching when sweating or wool intolerance

10. A history of respiratory atopy or positive family history of atopy in first-degree relatives
C. Laboratory

II. Elevated serum 19E or positive skin prick tests
D. Duration

12. Duration of more than 3 months
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Table 3 Features of Atopic Skin Diathesis

Constitutional stigmata of atopy
Dry skin
Hyperlinear palms/soles
Morgan's infraorbital fold
Orbital darkening
Hertoghe's sign

A-minima manifestations and sequelae
Patchy pityriasiform lichenoid eczema
Pityriasis aJ ba
Pulpitis sicca
Winter feet
Nipple eczema
Dirty neck

Associated conditions
Ichthyosis vulgaris
Keratosis pilaris
Lingua geographica
Juvenile plantar dermatosis
Keratosis punctata
Lichen striatus

Source: Adapted from Ref. 36.

gerpads, and toes (35). Besides different manifestations and sequelae of atopic
dermatitis, physical findings can be considered as constitutional stigmata or mark
ers of atopic skin manifestation (36) (Table 3). Furthermore, a heterogeneous
group of diseases has been found to be related to atopic dermatitis, but these
conditions cannot be interpreted as direct manifestations or sequelae of atopic
diseases (36).

III. SUBTYPES OF ATOPIC DERMATITIS
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The Danish authors Mygind et al. wrote in their handbook in the chapter on
Atopic diseases (37) that: (1) "when atopic subjects are exposed to the minute
amounts of allergens in ambient air, they respond with a persistent production
of IgE antibody," (2) "the atopic status of a person can be determined by skin
testing with a battery of common aero-allergens," and (3) "the most important
atopic diseases are atopic dermatitis, allergic rhinitis and asthma." Further:
"while allergic rhinitis and asthma are IgE-mediated diseases, atopic dermatitis
is, in most cases, merely IgE-associated. In other words, allergic rhinitis and
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asthma are atopic and allergic diseases in which symptoms are the result of aller
gen exposure, while atopic dermatitis is an atopic disease but not allergic disease,
for symptoms are not, or only to a minor degree, caused by allergen exposure.
It is confusing that an atopic disease can be both allergic and non-allergic."

Indeed, not all patients with the clinical phenotype of atopic dermatitis are
sensitized to allergens. There is clear evidence that a clinical subtype of atopic
dermatitis exists without elevated IgE production and negative skin tests of the
immediate type. For this type one of the authors (BW) proposed the term' 'intrin
sic" atopic dermatitis in analogy to the intrinsic type of asthma (38-40). From
the clinical point of view, a "pure" type of atopic dermatitis without associated
respiratory symptoms, like rhinitis and asthma, and a "mixed" type with con
comitant respiratory allergies can be separated; in the latter an almost polyvalent
IgE sensitization to inhalants and foodstuffs is mandatory. On the basis of an
allergological work-up, the "pure" type of atopic dermatitis can further be subdi
vided into an "extrinsic" and an "intrinsic" type. (Fig. ]). The "intrinsic" type
is characterized by the following criteria: (1) clinical phenotype of atopic derma
titis, according to Hanifin and Rajka (27); (2) absence of other atopic diseases
such as rhinoconjunctivitis, asthma, acute urticaria, or food allergy; (3) negative
skin prick and intracutaneous tests to common aero- and food allergens; (4) total
serum IgE levels in the normal ranges for infants, children, and adults (41-43);
(5) negative in vitro screening for specific IgE to common aero- and food aller-

Mixed type

mitan! respiratol) allergies
ch a.> asthma or rhinitis
ent JgE sensitization again~t

ts and food,tuffs mandatory

Pure type
!

No associated respiratory C,lnCO
symptoms su

Polyval
inlJalan

Extrinsic type Intrinsic type

Polyvalent IgE sensitiLation No srecific IgE
against inhalant and / or sen~itization rj~l"clabl",

IQod alleTgens in skin test Or Total serum JgE not

serum elevated

Figure 1 Subtypes of atopic dermatitis according to the presence or not of respiratory
allergies and an IgE sensitization to inhalant or food allergens. (Adapted from Refs.
38,40.)
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gens (e.g., Phadiatop or SX), a multi-RAST containing eight known inhalant
allergens, namely house dust mites, timothy, rye, birch and mugwort pollen, cat
and dog epithelia as well as Cladosporium mold, FX s, a food mix containing
milk, egg white, wheat, fish, peanut, and soy).

In the following we emphasize various aspects of this particular subtype
of atopic dermatitis. The discrimination between the two types is not just aca
demic. The classification of atopic dermatitis into an extrinsic type with specific
sensitization to allergens and into an intrinsic type without specific sensitization
appears to be useful because specific sensitization significantly correlates with
more severe skin condition and disease course (44). The clinician and the patient
have to know if allergen avoidance and secondary prevention might be useful,
as in the extrinsic type. In case of the intrinsic type, a subsequent onset of respira
tory disease is quite improbable (44); a pharmacological prevention of asthma,
e.g., with long-term treatment using cetirizine, an H)-histamine antagonist with
anti-inflammatory properties, is not indicated (45,46). Finally, researchers should
study intrinsic atopic dermatitis particularly because the clinical and immunologi
cal findings are only related to the skin manifestation of atopy and not to the
associated respiratory diseases. The key to the pathogenesis of this fascinating
disease should be found in this subgroup (40). Also in genetic studies, this separa
tion of patients with atopic dermatitis alone (with or whithout specific IgE) from
those with additional atopic manifestations is of value since one explanation
could be sharing of disease-susceptibility genes.

IV. EPIDEMIOLOGY AND CLINICAL FEATURES
OF INTRINSIC ATOPIC DERMATITIS
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The percentage of atopic dermatitis patients presenting with the intrinsic type
varies among the different study populations from 10% to nearly 50% depending
on the age group, hospital recruitment or epidemiological survey, and the meth
ods used to assess the allergic sensitization (skin tests only and/or serology) (see
Table 4). In our clinical-immunological studies, based on adult inpatients who
underwent extensive allergological investigation, the frequency of the intrinsic
type among all atopic dermatitis patients varied between 10 and 40% (46-48,52).
While the overall prevalence of extrinsic atopic dermatitis in preschool chil
dren-assessed by means of skin prick tests with six conunon aeroallergens
(birch, grass, mugwort pollen, housedust mite, cat dander, and Cladosporium)
and two food allergens (hens' eggs, cows' milk)-was not different between
eastern (4.9%; n = 1926) and western Germany (4.8%; n = 2076), the prevalence
of the intrinsic type was found to be almost twice as high in eastern (8.5%)
than western (4.7%) Germany (55). This indicates that factors other than allergic
sensitization contribute to the manifestations of the disease. In a recent large
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genetic study seeking to identify susceptibility genes for atopic dennatitis by
linkage analysis of 1097 affected siblings (median age 29 years; range 4-84
years) from 481 different families, 74% had raised total and/or allergen-specific
IgE serum levels (56). Thus, 26% belonged to the intrinsic type.

Clinically, patients with intrinsic atopic dermatitis tend to have a late onset
of the disease, but otherwise family history and disease duration seem to be simi
lar (57). As is generally seen in atopic dermatitis. a female predominance has
also been observed in intrinsic atopic dennatitis (51,53). Distribution and clinical
features of the skin lesions do not differ. A more common' 'head-and-neck type"
distribution has also been shown by some studies, which is characteristic of atopic
dennatitis associated with sensitization to fungi, mainly Pityrosporum ovale
(58,59). Because P. ovale is not routinely tested in SPT and standardized extracts
are not available, this could be a cause of the missed IgE sensitization. Histologi
cal differences are not observed. The typical features of spongiosis and lympho
cytic infiltration in acute stage lesions and acanthosis in the more chronic stages
are similar in both fonns of atopic dennatitis.

V. IMMUNOLOGICAL SIMILARITIES AND DIFFERENCES
BETWEEN EXTRINSIC AND INTRINSIC
ATOPIC DERMAlUIS

Various immunological parameters have been investigated in peripheral blood
cells and in cells from biopsy samples of lesional skin or patch test reactions
(Table 5).

A. T Cells
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Clinical observations and various studies have shown that T-cells are among the
most important cells involved into the pathogenesis of atopic dermatitis (60). The
dennal infiltrate consists predominantly of activated CD4+ and CD8+ cells with
a CD4 + /CD8 + ratio similar to that in peripheral blood (52,61). Aeroallergens,
food allergens, and superantigens are involved in the activation of T cells (62,63).

Various immunological differences between intrinsic atopic dennatitis and
extrinsic atopic dennatitis have been found in the cytokine pattern of involved
T cells as well in peripheral blood as in lesional skin findings. So a differential
cytokine pattern in peripheral blood lymphocytes supernatants and skin patients
was shown by Kagi et aJ. in total of 33 patients (48). T-cell activation occurs
in both fonns, as measurable by expression of soluble IL-2R + and HLA-DR +
lymphocytes (47). In contrast, 19 patients with extrinsic atopic dermatitis did
express elevated levels of lL-4 and lL-5, whereas in 14 patients with intrinsic
atopic dermatitis high IL-5 but low IL-4 levels were found. Increased B-cell
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Table 5 Various Characteristics of Intrinsic Atopic Dermatitis (IAD) in Comparison
with Extrinsic Atopic Dermatitis (EAD)

Clinical distribution
Onset
Sex
Frequency
Total serum IgE

Eosinophilia
Eosinophil survival

T cells
Peripheral blood

Derived from lesional skin

Epidermal dendritic cells

lAD

Similar to EAD
Later than EAD
Mild female predominance
16-45%
<100 kUlL

Mild-moderate
No difference from EAD

HLA-DR like in EAD
IL-5 levels = EAD
IL-4 levels < EAD
CD23 + B cells < EAD

lL-5 < EAD
lL-13 < EAD

FceRIIFceRII expression ratio
< 0.5 (> 1.5 in EAD)

Ref.

47,48,52,53,57
47,48,52,53,57

47, 48
50

47,48,52,57
48
48
47, 52

52
52

54

activation by enhanced expression of the CD23 (Fc£IgERIl) in extrinsic atopic
dennatitis has been observed in various studies (47,48,52). In addition, activated
skin-homing T cells expressing the selective skin-homing receptor, cutaneous
lymphocyte-associated antigen (CLA), induce IgE mainly via IL-13 and prolong
eosinophil lifespan, mainly via IL-5 (63,64). Because both IL-4 and IL-13 acti
vate B cells, the decreased expression of the B-cell surface marker CD23 (Fc£RII)
found in intrinsic atopic dermatitis is possibly a consequence of the lower IL-4/
IL-13 levels found there (52). Aside from binding IgE, CD23 seems to be a
negative regulator of IgE but may have also a positive regulatory on IgE titers
under some conditions (65). Therefore the decreased CD23/Fc£RII expression
can be as much a secondary effect of decreased IL-4/IL-13 production in intrinsic
atopic dennatitis as a primary cause of differences in IgE levels.

In the skin, inununohistological features of eczematous lesions in atopic
dennatitis correspond only in the acute stage with a Th2 reponse (with increased
IL-4, fL-5, and fL-13) while chronic lesions show preferably a Th I-like pattern
with increased levels of IL-12 and IFN-y (66). Interestingly IFN-y, a key cytokine
involved in the induction of T-cell-mediated apoptosis in eczema, shows no dif
ferences between intrinsic and extrinsic atopic dermatitis (67). In contrast, Akdis
et al. demonstrated decreased fL-5 and fL-13 production in the dennal cellular

MARCEL DEKKER, INC.~
270 Madison Avenue. New York. New York 10016 IU?
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C. Antigen-Presenting Cells

The immune response to foreign proteins is strongly dependent on the efficiency
and selectivity of antigen uptake by antigen-presenting cells (APC). Therefore,
APC play an important role also in asthma and atopic dermatits. Langerhans cells

infiltrate in intrinsic atopic dermatitis compared to extrinsic atopic dermatitis (52).
Thus, T cells isolated from skin biopsies of extrinsic atopic dermatitis induced
high IL-13-mediated IgE production in cocultures with normal B cells, whereas
intrinsic-type cells did not (63).

In conclusion, in atopic dermatitis activated T cells infiltrate the skin and
secrete cytokines. The two types of atopic dermatitis are reflected in these cytok
ine patterns: extrinsic atopic dermatitis with high IL-5, IL-13, and some IFN-y
and intrinsic atopic dermatitis with low IL-5, IL-13, and also some IFN-y.

B. Eosinophils, Mast Cells, and Basophils

Eosinophils are the hallmark of the late-stage inflammatory reaction in asthma
and other allergic inflammations (68). In asthma and atopic dermatitis eosinophils
are recruited differentially to healthy individuals. Apparently prolonged eosino
phil apoptosis plays a central role in the pathogenesis of asthma (69). This phe
nomenon has moreover been shown in atopic dermatitis; however, the role of
eosinophils in atopic dermatitis is much less clear (50). Eosinophilic toxic granule
proteins as well as eosinophil-attractive chemokines such as eotaxin and its recep
tor are increased in lesionaJ skin (70,71). Eosinophils are not only effector cells,
they also play an active immunoregulatory role; therefore, they may play an im
portant role in the switch from a Th2-cytokine pattern in acute lesions of atopic
dermatitis towards a more Thl-like pattern in chronic stage (64,65). Blood eosin
ophils and eosinophilic cationic protein (ECP) are often elevated in both forms
of atopic dermatitis (47,48).

Mast cells and basophils mediate the classical immediate-type hypersensi
tivity, triggered through allergen-induced cross-linking of specific IgE antibody
bound to mast cells through high-affinity receptors. Except acute urticarial reac
tions, these mechamsms may not be of major importance in the clinical manifesta
tion of atopic dennatitis. In addition, mast cells release a wide range of chemo
kines and cytokines, which contribute to the recruitment and activation of other
cells, in particular eosinophils, and induce local tissue inflammation such as IL-4
and IL-13 (72,73). Differences on a mast cell level are not as expected in atopic
dermatitis, since immediate-type allergic reactions are hardly involved. So far
investigations comparing mast cells and basophils from the two form of atopic
dermatitis have not yet been reported.
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(LC) and epidermal dendritic cells (EDC) as skin resident cells have been shown
to playa crucial role in these diseases. The high-affinity receptor for IgE (FcrRI)
has been demonstrated not only on mast cells and basophils, but also on LC and
EDC (74,75). An increased expression of the high-affinity receptor for IgE
(FcrRI) on epidermal dendritic cells (DC) from non1esional and lesion skin of
atopic dermatitis patients has been found (76). Oppel et a1. demonstrated a lower
expression of FcrRI on EDC in patients with intrinsic atopic dermatitis compared
with extrinsic atopic dermatitis (54). These authors were able to identify 80% of
extrinsic atopic dermatitis patients by EDC typing using flow cytometry as they
showed an FcrRIIFcrRlI expression ratio of > 1.5 compared to intrinsic atopic
dermatitis with a value of around 0.5 (77 ,78). It is not yet clear if the lower FcrRI
levels found in EDC is a cause or a consequence of lower local or serum IgE.
Other cells such as mast cells and basophil FcrRI are upregulated by the serum
IgE concentration (75). Independent of the underlying mechanism, these findings
make clear the differences in the inflammatory micromilieu between intrinsic and
extrinsic atopic dermatitis.
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Figure 2 Pathogenetic models in asthma and atopic dermatitis. Role ofT-helper 2 cells
(Th2) for IgE synthesis in B cells via interleukin 4 (IL-4) and interleukin 13 (IL- [3) (ex
trinsic type of asthma and atopic dermatitis) and of interleukin 5 (IL-5) for activation
of eosinophils in both extrinsic and intrinsic asthma and atopic dermatitis. Activation of
eosinophils leads to a release of toxic enzymes in the mucosa and in the dermis, which
cause chronic tissue inflammation. EA = Extrinsic asthma; EAD = extrinsic atopic derma
titis; lA = intrinsic asthma; lAD = intrinsic atopic dermatitis; B = B cells, MC = mast
cells; EO = eosinophils; ECP = eosinophil cationic protein; MBP = major basic protein;
EPa = eosinophil peroxides; ECFA = eosinophil chemotactic factor of anaphylaxis.
(From Ref. 86.)
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VI. CONCLUSIONS

Intrinsic atopic dermatitis is a subtype of atopic dermatitis that fullfills the most
commonly used diagnostic criteria, but patients show no elevated total or specific
serum IgE and negative immediate-type skin tests. Our conclusions, based on a
large experience and a review of the literature, are in contrast to the millenium
criteria for the diagnosis of atopic dermatitis formulated by Bos and coworkers
(79), who consider the presence of allergen-specific IgE as absolutely mandatory
for the diagnosis of atopic dermatitis. The Japanese Dermatological Association
Criteria for the diagnosis of atopic dermatitis emphasize that most individuals
with atopic dennatitis have an atopic diathesis-defined as having a personal
history and overproduction of 19E antibodies (80). However, Uhera has repeat
edly shown that there are in Japan atopic dermatitis patients without 19E-mediated
hypersensitivity mechanisms (81-83). Other Japanese authors were the first to
demonstrate that some atopic dermatitis patients present positive atopy patch tests
to aeroallergens without 19E sensitization (84,85). The results of atopy patch tests
with aeroallergens and specific 19E (slgE) could be used to divide atopic derma
titis patients into four distinct subgroups-( 1) + APT and - slgE, (2) + APT and
+slgE, (3) -APT and +slgE, and (4) -APT and -slgE. Each subgroup has its
own particular clinical morphology, suggesting the heterogeneity of the disease
(82,84). The modem immunological findings of a Th2 cell-related activation

Figure 3 Classification of atopic diseases (atopic dermatitis, bronchial asthma, and rhi
nitis) in an extrinsic, IgE-mediated and intrinsic, non-IgE-mediated type according to the
results of allergy skin and in vitro tests (with or without specific IgE sensitization). (From
Ref. 86.)

ri Atopic Syndrome I
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pattern of cytokine release in both allergic and nonallergic types of bronchia
asthma and atopic dermatitis allow a redefinition of the term atopy. This would
include the respiratory syndromes of asthma and rhinitis and the atopic skin mani
festations, which share a genetic predispostion, a hyperreactivity of the target
organ to pharmacological agents (cholinergic hyperreactivity and a-adrenergic
hyporesponsiveness) or to irritants, and immunologically a Th2 cell response to
allergens (exogenous or endogenous) with a facultative specific IgE production,
and eosinophil activation (Fig. 2). So far, the extrinsic and intrinsic types of
asthma, rhinitis, and eczema represent an atopic manifestation (Fig. 3) (86).
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I. INTRODUCTION: WHAT IS EPIDEMIOLOGY?
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The aim of this chapter is to review the way in which the concepts and methods
of epidemiology have been applied to the study of atopic dermatitis to advance
our knowledge and understanding of the disease. The science of epidemiology
involves the study of the distribution and detenrunants of disease in specified
populations and the application of this study to control of health problems (1).
It involves a study of patterns of disease in whole populations in order to allow
a broad understanding of etiology and natural history that cannot be gained from
the study of individuals alone. The basic principles of epidemiology are to de
scribe the distribution and burden of disease in human populations, to identify
etiological factors of the disease, and to provide data essential for the evaluation
and planning of services for prevention, control, and treatment of the disease.
The findings of such research are not only essential for public health planning,
they can contribute greatly to the scientific basis of routine clinical practice and
individual patient care.

Epidemiological research can provide a natural foundation for the study of
chronic diseases such as atopic dermatitis. In the past much research into atopic
dermatitis has been directed around the cellular and imJ11unologicalmechanisms
of the disease. It is only over the last 10 years that epidemiological studies of
atopic dermatitis have started to flourish. This recent research has generated im
portant information on disease frequency and provided clues about genetic and
environmental risk factors, as well as highlighting associated morbidity and costs
to patients and health providers.
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This chapter will describe our current knowledge of the distribution and
frequency of atopic dermatitis worldwide and review recent advances in our un
derstanding of the natural history of the disease. It is important to note that al
though research into causes and risk factors for disease forms a key element of
epidemiological work,. these are covered in detail in Chapter 6 and will not be
discussed here.

In order to ensure that information covered in this chapter is up to date,
the authors carried out an electronic literature search of Medline (1966 to August
2000) and Embase (1977 to August 2000), using the key search terms "atopic
dermatitis," "atopic eczema," "eczema," "prevalence," "incidence," and
"epidemiology." Articles for which an English translation was not available
were not considered, which inevitably leads to some degree of bias, although
based on the extensive body of literature identified it is hoped that the chapter
provides a general overview of past and recent epidemiological research into
atopic dermatitis.

II. PREVALENCE AND INCIDENCE

There are many difficulties in providing an overall estimate of atopic dermatitis
frequency, as studies have differed greatly in methodology, measuring disease
frequency over different time periods, in different age groups, using different
techniques of data collection and different diagnostic criteria. The effect of these
various factors on the measurement of disease frequency are discussed below.

A. Defining Atopic Dermatitis
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Variations in disease definition have made epidemiological studies of atopic der
matitis particularly difficult to interpret and compare. Patients typically present
a spectrum of disease distribution, morphology, and severity, along with a vari
able time course of disease activity. This means that it is not always easy to say
whether or not patients definitely have atopic dermatitis at any specified time
point, particularly those at the end of the spectrum. Researchers have used a
variety of methods to define the presence of disease. Some questionnaire-based
surveys have relied on maternal reporting of "eczema" (although the accuracy
of parental diagnosis remains unclear), whjle others have measured those with
a history of doctor-diagnosed atopic dermatitis (which may depend on the knowl
edge and experience of the physician). Other questionnaires have recorded a vari
ety of patient symptoms to establish the diagnosis. Even those studies based on
examination by a dermatologist have used various combinations of signs and
symptoms to aid diagnosis, reflecting different ideas about what constitutes a
typical case of atopic dermatitis.
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Although there is no definitive gold standard disease definition, various
well-established diagnostic criteria have been developed, both to improve diag
nostic accuracy and to aid in the comparison of results from different studies
(2,3). These diagnostic criteria are discussed in detail in Chapter 1. The develop
ment of Hanifin and Rajka's diagnostic criteria in 1980 (2) represented an impor
tant milestone for atopic dermatitis research, but their complexity has limited
their use in large-scale epidemiological studies. Furthermore, they were derived
largely from experience with the more severe subset of patients attending hospi
tals, whereas epidemiological studies are often carried out in the community
among patients with less severe disease. The UK Working Party's diagnostic
criteria developed in ] 990 have provided a more simple list of reliable disease
criteria based on the original proposal by Hanifin and Rajka (3). The six diagnos
tic criteria have been independently validated and tested for repeatability (4,5).
In order to capture the episodic nature of atopic dermatitis and minimize the
effect of possible seasonal variations, the criteria have been developed as a 12
month period prevalence measure.
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B. Measuring Disease Frequency

The most common measure of disease frequency in epidemiological research is
disease prevalence, defined as the total number of cases in the population under
study. Disease prevalence can be measured at anyone point in time (point preva
lence) or over a defined period, e.g., one year (period prevalence). Prevalence
estimates provide useful information about the total burden of disease in a popula
tion. The majority of epidemiological studies have examined disease prevalence
in the community because surveys of disease prevalence in hospital clinics or
private practices are subject to referral bias. Prevalence measurements usually
involve a cross-sectional study design, and much of the data on atopic dermatitis
has arisen from questionnaire surveys in schools. Point prevalence measurements
using clinical examination are potentially more accurate but rely on subjects hav
ing active eczema at the time of examination. One-year period prevalence mea
surements are probably the most useful for comparative purposes as they take
into account the relapsing and remitting nature of the disease while minimizing
the recall bias of lifetime prevalence estimates.

Much harder to obtain are incidence figures that provide information on
the number of new cases developing over a period of time (e.g., one year). Inci
dence data provide a more precise insight into changes in disease frequency over
time and minimize the risk of recall bias. However, measuring atopic dermatitis
incidence usually requires a cohort study design, and such longitudinal studies
are costly and time-consuming to perform. Furthermore, measuring new cases
may be difficult because disease chronicity is often quoted as a major diagnostic
feature of atopic dermatitis, and it is sometimes difficult to decide whether a child
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developing eczematous inflammation for the first time will go on to develop the
disease. Rather than describing the number of new cases per year, some studies
have reported cumulative incidence, defined as the number of new cases devel
oping since birth over a defined period. However, such studies have often relied
on patients' recall of ever having had eczema at a certain age rather than being
based on a prospective study design. A commonly used measure is cumulative
lifetime incidence, which is synonymous with lifetime prevalence, although the
latter term is preferable when data have been collected retrospectively.

III. HOW COMMON IS ATOPIC DERMATITIS?

Taking into account these difficulties, prevalence estimates taken from studies
of varying methodology over the last 10 years are shown in Table 1 (6-30). The
majority of studies have been carried out in children with lifetime prevalence
figures in temperate developed countries ranging from 13 to 37% up until early
adolescence. Point prevalence figures are lower, partly reflecting the fluctuating
nature of the disease. The few studies of adults have shown lower prevalence rates
of 0.2-2% in temperate developed countries such as the United Kingdom (23).

In order to compare the prevalence of atopic dermatitis on a more global
scale using standardized methodology, a worldwide cross-sectional survey known
as the International Study of Asthma and Allergies in Childhood (ISAAC) has
been recently reported (31). Most previous surveys of atopic dermatitis preva
lence had been conducted in northern Europe, giving the impression that the
disease mainly occurs in developed countries in cooler climates. The ISAAC
study comprised a questionnaire survey conducted on random samples of school
children aged 6-7 years and 13-14 years from centers in 56 countries throughout
the world. Children with a positive response to questions about the presence of
an itchy relapsing skin rash in the last 12 months that had affected their skin
creases were considered to have atopic dermatitis (Table 2). This study generated
complete data for 256,410 children aged 6-7 years in 90 centers and 458,623

Table 2 Questions Relating to Eczema Symptoms Used in International Study of
Asthma and Allergies in Childhood (ISAAC), Phase I

I. Have you (Has your child) ever had an itchy rash that was coming and going for
at least 6 months?

2. Have you (Has your child) had this itchy rash at any time in the last 12 months?
3. Has this itchy rash at any time affected any of the following places: the folds of

the elbows, behind the knees, in front of the ankles, under the buttocks, or around
the neck, ears, or eyes?

MARCEL DEKKER, INC.~
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children aged 13-14 years in 153 centers. The 12-month period prevalence esti
mates for the 6 to 7 year age group ranged from under 2% in Iran to over 16%
in Japan and Sweden. In the 13- to 14-year age group, disease prevalence ranged
from less than 1% in Albania to over 17% in Nigeria (Fig. 1). Many of these
variations cannot be completely explained by known risk factors or established
hypotheses concerning the disease. Although the results of the ISAAC study still
need to be validated with more objective measures such as skin examination (as
will occur in Phase 2 of the study), it has provided much-needed basic information
about the distribution of the disease and has confirmed that atopic dermatitis is
a worldwide problem rather than being a disease confined to northern and western
Europe.

IV. DISEASE SEVERITY

Overall prevalence data may include many mild or asymptomatic cases. In public
health terms the severity distribution of atopic dermatitis is of greater importance
than total prevalence because this is more likely to closely reflect the need for
health services. As with the diagnosis of atopic dermatitis, there are numerous
methods of measuring disease severity. Epidemiological studies that have in
cluded a measurement of disease severity have generally used simple scales such
as Rajka and Langeland's scoring system (32) or global severity estimates under
taken by the assessor. Some studies have graded severity according to the percent
age of body surface area involved, although this may not provide an accurate
reflection of patient morbidity because involvement of small but functionally or
cosmetically important sites such as the hands and face can be extremely disa
bling. More complex measures such as Costa's scoring system (33) and the
SCORAD index (34) are generally too complex and time-consuming for large
epidemiological studies, although the SCORAD index been used successfully in
one large cross-sectional multicenter survey (17).

Overall data from epidemiological studies in many countries has shown
that the majority of cases of atopic dermatitis can be managed in primary care,
with between 65 and 90% of cases in the community being of mild severity and
only 1-2% or less being classified as severe. In a recent survey of Australian
school students aged 4-18 years, 86% were classified as minimal to mild on
clinical examination (28), and among U.K. preschool children 84% were classi
fied as mild by a dennatologist (25). A recent study of Romanian school children
showed that 93% were very mild or mild (29), and in Japanese kindergarten and
school children between 81 and 87% were classified as mild depending on age
(20). In a further study of Norwegian school children two thirds showed mild
and one third moderate symptoms, with less than 0.0 I% having severe disease
confirmed by clinical examination (13). Although data relating disease severity

MARCEL DEKKER, INC.~
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Figure 1 Summary of 12-month period prevalences for atopic dermatitis from the Inter
national Study of Asthma and Allergies in Childhood (ISAAC), Phase I.
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to age is sparse, adults with atopic eczema are less likely to be in remission and
more likely to have active disease when examined than children (23).

V. MORBIDITY

The physical impact of atopic eczema depends on the severity of the disease and
can range from annoying dryness to severely itchy skin with painful cracking,
weeping, and secondary infection. Studies suggest that 60-90% of children suffer
from sleep disturbance secondary to the severe pruritus usually associated with
the disease (35,36). Sleep disturbance and constant scratching may trigger other
psychological and social problems, especially in children. Irritability and lack of
concentration can lead to detrimental effects on schooling, educational develop
ment, and social interactions. Furthermore, the stigmata of a visible skin disease
can lead to teasing and bullying (37,38). Higher levels of dependency and clingi
ness have been found in children attending hospital outpatient clinics for their
atopic dermatitis (39). The stress of caring for a child with eczema can have
profound effects on all family members, especially for mothers of severely af
fected children, who have been shown to have higher stress levels than mothers
of healthy control children (39).

Compared to other skin diseases atopic dermatitis rates highly on morbidity
scores designed to capture the impact of disease on aspects of everyday life (40).
In the past much of the emphasis in atopic dermatitis research has been on the
measurement of physical signs, although the concept of measuring disease-related
disability and quality of life is being increasingly recognized and will be dis
cussed fully in the next chapter.

VI. WHO GETS IT?

A. Age

Atopic dermatitis is predominantly a disease of childhood, as reflected in the
prevalence data in Table 1. Prevalence estimates show a continuous reduction
with increasing age (20,23). A recent Norwegian study based on review of medi
cal records found a prevalence of atopic dermatitis of 13% in patients under the
age of 20 years compared to 2% for those over the age of 20 years (41). In the
United Kingdom 2% of adults aged 16-40 years and less than 0.2% of adults
over the age of 40 years are affected (23). Adult atopic dermatitis has been rela
tively ignored in epidemiological research. However, in developed countries
adults make up approximately 80% of the population, meaning that up to a third
of all subjects with the disease are adults (23). Furthermore, there is evidence

MARCEL DEKKER, INC.~
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that the number of adults presenting to hospital with the disease is increasing in
some countries (42).

B. Sex

Although overall no strong relationship with sex has been demonstrated, a slight
female preponderance has been demonstrated in some studies (7,8,13,23,28,
30,43), but not in others (11,14,19,41). A small female preponderance was also
noted in the ISAAC study with an overall female: male ratio of 1.3: 1, being higher
in countries with the highest prevalence of atopic dermatitis symptoms. Interest
ingly in children under the age of 2 years this difference is not observed and the
ratio may even be reversed (13,23), suggesting that increased disease chronicity
in females may be partly responsible.

c. Ethnicity

Various studies have examined the effect of ethnic group on the prevalence of
atopic dermatitis. It is difficult to draw conclusions about ethnic differences in
prevalences by examining results from different countries because environmentall
factors may contribute to any differences seen. Therefore, studies of differen~

ethnic groups in the same environment are particularly helpful. In the United
Kingdom atopic dermatitis prevalence is similar in Asian schoolchildren com-I
pared to non-Asian schoolchildren (mainly European Caucasian), although Asian
patients are three times more likely to be referred to the local dermatology depart-!
mem, perhaps due to less familiarity with the disease (9,14). However, atopic
dermatitis is almost twice as common in black Caribbean schoolchildren born in
the United Kingdom than their white counterparts (16). Similarly, the disease is
more prevalent among Chinese infants born in the United States compared to
local Caucasians (44). In Australia the 12-month cumulative incidence of atopic
dermatitis is much higher in Chinese babies (44%) compared to Caucasians living
under similar environmental conditions (21 %) (45). In Norway atopic eczema is
more prevalent in schoolchildren of Sami origin compared to Norse white Cauca
sian schoolchildren (22).

D. Socioeconomic Status
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Atopic dennatitis shows a strong relationship to social class, but in contrast to
many diseases it is significantly more common in higher social class groups (45
48). The disease is also more frequent in children from smaller families (49) and
in those from privately owned properties rather than council rented properties
(50). A variety of factors relating to education, lifestyle, type of home furnishing
and degree of cross-infection could be responsible for this effect.
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Figure 2 The 12-month period prevalence of atopic dermatitis among 13- to 14-year
old children from northeast Europe participating in the International Study of Asthma and
Allergies in Childhood (ISAAC).

The socioeconomic gradient can also be seen on a wider scale, with disease
prevalence being generally higher in more affluent countries with a westernized
lifestyle and market economy (12,31). A comparison of disease prevalence in
northern and eastern Europe (Fig. 2) shows a higher prevalence of atopic derma
titis in industrialized countries such as Scandinavia, compared to the western part
of the formally disadvantaged socialist region, e.g., Estonia, Latvia, and Poland,
with the lowest frequency in former socialist countries with a lifestyle even more
different from that in western Europe, such as Albania.

E. Other Factors

Atopic dermatitis is significantly more prevalent in those with a personal or fam
ily history of atopy. The role of genetic factors and other risk factors in disease
expression will be discussed fully in Chapters 5 and 6.

Describing the geographical occurrence of disease comprises a basic component
of epidemiological research and can lead to the identification of many important
risk factors. Although the lack of standardized methodology has been a significant
obstacle in comparing international data, research suggests large geographical
variations in atopic dermatitis prevalence both within and between countries (Ta-

VII. WHERE DOES IT OCCUR?

A. International Variation
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ble 1). The most comprehensive and standardized comparisons can be made from
the ISAAC study, which found a 60-fold variation in prevalence between the 56
countries studied, with 12-month prevalences ranging from 0.3 to 20.5% (31).
The study revealed some interesting patterns of disease frequency, such as a band
of low prevalence running from China through central Asia to eastern Europe,
and low prevalences throughout the former socialist eastern Europe. In contrast,
very high prevalences were observed in developed countries such as Scandinavia,
the United Kingdom, Japan, Australia, and New Zealand. The study also revealed
that atopic dermatitis is a major problem in African cities such as Addis Ababa
and Ibadan. Prior to this study there had been few epidemiological studies of
atopic dermatitis in developing countries. Some caution must be taken in the
interpretation of results in countries such as India and Nigeria where the sensitiv
ity of the ISAAC questionnaire may have been reduced due to the high prevalence
of other itchy dermatoses in childhood such as scabies and onchocerciasis. Inter
estingly the prevalence of eczema diagnosed by a doctor was also high in Nigeria
(38.3%) (51). Interpretation of the ISAAC results also needs to take into account
cultural factors such as differing thresholds for complaining about skin symptoms
or an association of skin disease with stigmata of uncleanliness in some countries,
which may have affected responses. Phases 2 and 3 of the ISAAC study will use
more detailed questionnaires and objective measures to confirm the differences
seen in Phase 1.

Another international study using standardized methodology has also found
large variations in atopic dermatitis prevalence between genetically similar sec
ondary school students in three different countries-Malaysia, China, and Hong
Kong (Table 1) (12). As with the results of the ISAAC study, both genetic and
environmental factors such as climate and air pollution may all contribute to these
differences in disease prevalence, and these factors will be discussed further in
Chapter 6.

B. Regional Variation
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Wide regional variations in atopic dermatitis prevalence have been demonstrated
across the United Kingdom, with higher prevalences in the southern and eastern
areas of the country after adjustment for confounders such as social class (46,52).
Several studies found a higher prevalence of atopic dermatitis in eastern Germany
compared to western Germany (53-55). Higher prevalences of atopic dermatitis
have also been noted in urban versus rural areas in the United States (30), South
east Asia (12), Sweden (56), Finland (57), and Germany (7). On a smaller geo
graphical scale the disease has also been associated with water hardness in a
recent U.K. study (58). These regional differences highlight the potential role
of a variety of environmental exposures that may be amenable to public health
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manipulation. The role of airborne pollutants, climatic factors, and water quality
are all possible risk factors that may contribute to such regional variation.

c. Migrant Studies

The study of disease in migrant groups compared to genetically similar groups
in their country of origin allows insight into the role of environmental factors in
disease expression. Children from Tokelau who migrated to New Zealand have
higher prevalences of atopic dermatitis compared to genetically similar children
who remained in Tokelau (59). The risk of atopic dermatitis in Asian migrants
is significantly larger for those born in Australia compared to those of the same
age who have recently immigrated to Australia (60). There is some evidence that
people from less developed countries who move to industrialized countries may
become more vulnerable than the local population. For example, 19E levels are
significantly higher in migrant Turks residing in Sweden than among similar
Swedish residents, with levels declining with increasing periods of residence in
the country (61). These studies suggest that environmental factors associated with
urbanization and development may be important in the etiology of atopic derma
titis in genetically susceptible individuals. Furthermore, the timing of migration
may playa critical role in the expression of the disease.

VIII. TIME TRENDS

A. Seasonal Trends
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Many studies have focused attention on the importance of month of birth on
subsequent development of atopic dermatitis. These studies have arisen from the
hypothesis that exposure to seasonal allergens during the initial few months of life
when the immune response is maturing may result in sensitization and subsequent
disease. Some studies have suggested that infants born in the autumn have higher
prevalences of atopic dermatitis compared to those born in the spring (62). How
ever, other studies have found no significant association with month of birth
(63,64).

The effect of seasonality on the expression of established atopic dermatitis
has also been studied. Atopic dermatitis characteristically runs a relapsing and
remitting course, and point prevalence measurements can be used to compare the
prevalence of active disease in different seasons. A recent study in Japan found
no significant difference in disease prevalence in school children examined in
the spring and autumn, although half of the children showed symptoms in only
one season (21). However, a recent questionnaire study of teenagers in Finland
found distinct seasonal variation, with atopic dermatitis occurring most com-
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monly in the winter and least commonly in the summer (6). The majority of
patients with established eczema report deterioration in winter months and im
provement in the summer. The extent to which these changes are related to the
effects of centrally heated houses or to the immuno-modulatory effect of sunlight
remains to be fully established.

B. Long-Term Trends
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Epidemiological research suggests that the prevalence of atopic dermatitis has
increased two- to threefold over the last 30-50 years (65,66). It is important to
separate out real changes in disease frequency from secular changes in diagnosis
or reporting over time. Changes in the acceptability of eczema as a diagnosis or
changes in the medical use of the word eczema, along with improved diagnostic
methods and higher parental awareness and expectations, may all have exagger
ated the trends seen in recent years. However, the increased prevalence has been
consistently observed in different studies, suggesting that at least some of the
observed changes are due to a true change in disease frequency.

The increasing prevalence of atopic eczema has been reported mainly in
developed countries. One of the most widely quoted epidemiological studies sup
porting an increasing prevalence has been the study of three British cohorts of
children born in 1946, 1958, and 1970. The prevalence of a history of eczema
determined when the children were aged between 5-7 years increased from 5.1 %
to 7.3% to 12.2% in children born in the three successive cohorts, respectively,
although the results of the three cohorts were drawn from three separate studies
using slightly different methodologies (48). A further study of atopic twins in
Denmark has shown that the percentage of at-risk individuals who developed
atopic dermatitis between 0-7 years rose from 3% for the 1960-64 birth cohort
to 10% for the 1970-74 birth cohort (67). Another study from Sweden has shown
that the prevalence of atopic dermatitis had increased from 7% to 18% in school
children between 1979 and 1991 (68). In Japan there is evidence that the preva
lence of atopic dermatitis has doubled in 9- to 12-year-olds and increased five
times in l8-year-olds over the last 20 years (20). The increasing disease preva
lence reported over the last three to five decades cannot be explained by genetic
factors alone because the time span is too short to allow specific genetic selection.
It may be that specific environmental changes have led to a shift in the distribution
of latent atopic disease, with more genetically predisposed individuals going on
to express the disease. Changes in environmental exposure to irritants, decreased
exposure to infectious agents, changes in domestic house dust mite levels with
increased indoor humidity, carpets, and soft furnishing, and increasing exposure
to allergens in childhood and pregnancy have all been investigated as potential
contributing factors. These risk factors will be discussed further in later chapters.
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Much of the data on the natural history of atopic dermatitis has been generated
from the hospital setting, with a paucity of long-tenn follow-up studies of com
munity cases. Summaries of the percentage of cases of atopic dennatitis devel
oping with age are clearly dependent on the age group studied, as surveys of
very young children may include many who will later go on to develop the dis
ease. Atopic dermatitis usually begins in infancy when it may be confused with
seborrheic dennatitis (69). However, the former usually clears in the first year
of life, whereas atopic dermatitis is characterized by a more chronic relapsing
and remitting course. The distribution of atopic dennatitis may change early in
life, from involvement of the scalp and face to involvement of the neck and
flexures between 1 and 2 years of age (70). Age of onset in community cases of
atopic eczema may be later than that reported in hospital-based studies. From
the available epidemiological data approximately 70% of cases begin before the
age of 5 years, suggesting that factors in early life may be crucial in determining
disease expression (71). In a recent U.K. study, the disease developed within the
first 6 months of life in 47.5% and within the first year of life in 60% of cases
(72). The National Child Development Study (NCDS) is a U.K. birth cohort study
of children born in March 1958 with cases of atopic eczema based on examination
by a medical officer. Of the 870 cases with examined or reported eczema by the
age of 16 years, 43% had onset before the age of 1 year and 66% had onset
before the age of 7 years (73). In a study of 551 Norwegian children, the onset
of eczema occurred before 1 year of age in 25% of children and before 5 years
of age in 75% (8). A recent prospective study including a large number of high
risk infants (family history of atopic dermatitis and elevated IgE) showed a life
time prevalence of 4.8, 8.7, 13, and 18% at 3, 6, 12, and 24 months of age,
respectively (74,75).

Because there is currently no cure for atopic dennatitis, epidemiological
data on clearance rates can be extremely helpful when it comes to making predic
tions about patients' long-term prognosis. It is generally agreed that a number
of mild to moderate cases clear spontaneously in early life, although good pro
spective studies are lacking. Given the limitations of comparing research of vary
ing methodology, examination of studies including representative cases (milder
community cases as well as hospital patients) suggests clearance rates of approxi
mately 60% by early adolescence (71,76). Data from the National Child Develop
ment Study (NCDS) have shown that at the age 11 and 16 years, 65 and 74%
of children, respectively, are clear of their disease in tenns of examined eczema
or a history of eczema in the previous year (73). In a recent study of 260 children
in the United Kingdom, of those who had atopic dermatitis at age 1 year, almost
50% no longer had the disease by age 4 years (26). Cessation of atopic dermatitis
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occurred in 13% before the age of 5 years and 17% before the age of 7 years in
a recent interview study of 156 Norwegian children (13). However, it is not al
ways easy to say whether the disease has resolved permanently because atopic
eczema is characterized by a relapsing and remitting course, and recurrences in
adult life are not uncommon (73,77). Such recurrences often occur on the hands
and may be triggered by occupations such as food preparation, housework, or
hairdressing. In the hospital setting approximately 10% of patients still suffer
from eczema in adult life (78). The strongest and most consistent factors that
appear to predict more persistent atopic dermatitis are early onset, severe wide
spread disease in early infancy, concomitant asthma or hay fever, and a family
history of atopic dermatitis (71 ,76,79).

x. PRIMARY, SECONDARY, AND TERTIARY PREVENTION
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One of the major goals of epidemiological research is to identify groups who are
at high risk for the disease with the hope of modifying potential risk factors to
prevent the disease. In this respect it is important to distinguish between primary,
secondary, and tertiary prevention. Primary prevention refers to action taken to
prevent the development of the disease in individuals who are free from the dis
ease. Because atopic dermatitis usually begins in the first 5 years of life, there
is potential for epidemiological research to identify prenatal or early life factors
that may be involved in sensitization and development of the disease. This raises
the real possibility of primary prevention, either by altering exposures during
pregnancy or by the prevention of sensitization in early infancy. Much interest
has been focused on the role of dietary factors, breast-feeding, the timing of
introduction of potentially antigenic solid foods, and the reduction of house dust
mite levels around the home. Several cohort studies are currently evaluating ma
nipulation of such factors, especially in individuals at a genetically high risk of
developing atopic disease. If simple manipulation of these factors can be shown
to be important in the development of the disease, this would have huge health
implications, but at the present time further research is still needed before primary
prevention becomes a reality (80).

Secondary prevention refers to the identification of those who have already
developed the disease at an early stage in its natural history, with the implication
of intervention measures to reduce the associated morbidity and complications.
Epidemiological research can help identify key genetic and environmental factors
involved in disease expression, and manipulation of these factors may help to
diminish the progression of established atopic dermatitis (81).

Tertiary prevention involves the treatment of established disease, which
will be covered in detail in later chapters. A recent systematic review has summa
rized aJi the published data available from randomized controlled clinical trials
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of treatments for atopic dennatitis, covering more than 284 different trials (82).
Unfortunately, prospective studies evaluating the effect of common treatments
such as topical steroids on long-term disease progression are lacking. Most trials
have been of less than 6-week duration, and while they may show beneficial
effects in controlling the acute phase of the disease, they do not capture the
chronic relapsing course or the long-term effects of treatment such as the number
of disease-free periods per year. For many other commonly employed therapies
such as emollients and wet wrap bandaging, there are as yet no randomized con
trolled trials.

XI. FUTURE RESEARCH AGENDA

The epidemiological developments of the last 20 years have provided a strong
foundation on which to build our knowledge and understanding of this common
and distressing skin condition. These advances have included the development
of valid and reliable disease definitions, the production of a worldwide map of
the disease in the ISAAC study, and developments in the understanding of the
genetic basis of the disease from family and twin studies. As we begin a new
millennium there remain a number of unanswered questions, and future research
is desperately needed to fill in the gaps of knowledge identified by recent studies.
In particular, further investigation is needed into the factors associated with the
"western" lifestyle that seems so strongly associated with atopic eczema expres
sion. Prospective cohort studies are required to examine how the incidence and
natural history of the disease is changing with time. The challenge remains to
identify factors that can be easily manipulated at a population level in order to
prevent the inexorable increase in disease prevalence.
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I. HISTORY

In 1850 a translation was published of the works of Erasmus Wilson (110) on
Diseases of the Skin, in which, in a chapter on skin neuroses, he attributed "itch
ing, alopecia and leukoderma" to insufficient stimulation of the skin. In another
part of the text dealing with the causes of eczema, however, he states that' 'the
primary cause is ... disorders of the nervous system, like emotions, especially
of a depressive nature." And "eczema very commonly acts as a safety valve for
the health of the organism and the associated exsudation must be very gradually
brought under control. ..." In this sense, it appears reasonable to consider Eras
mus Wilson (1809-1894) as one of the first dermatologists with an understanding
of psychosomatics (111).

At the beginning of scientific dermatology in the second half of the nine
teenth century, insights into psychosomatic relationships were repeatedly pub
lished. Even before Erasmus Wilson published his chapter on "skin neuroses"
(111), Hillier (43) expressed the conviction that "nervous excitement may lead
to urticaria. Shock is known as a cause of eczema, and fear turns the hair white."
We must remember that at that time, nothing was known of parallel studies or
of the detailed relationships within the nervous system, the function of which
was elucidated only after development of embryology and the horrible revelations
presented on brain damage related to injuries during the First World War.

Late in the nineteenth century, Brocq and Jacquet (19) coined the term
"neurodermatitis," which they considered to be weakness of the nerves and
which has remained unchanged, especially among patients, to the present day.

43
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II. STRESS AND ATOPIC DERMATITIS

Psychological factors seem to be important in atopic dermatitis as significant
modulators of the disease. Stress increases atopic dermatitis symptoms depending
on the severity of stress.

In a very large population of 1457 patients questioned after the Japanese
earthquake in Hanshin in 1995, Kodama et al. (60) showed that 38% of patients
with atopic dermatitis in the most severely hit region and 34% in a moderately
hit region reported exacerbation, compared to only 7% in a control group without
earthquake stress. However, 9 and 5% in the respective earthquake regions and
only 1% in the control region reported a marked improvement in atopic derma
titis. In a multiple regression analysis, subjective stress was the best indicator
predicting exacerbation compared to genetic and treatment-related factors. The
results of this study show that stress apparently has an immunological effect,
which can, though to a slighter extent, exert an opposite inflammatory effect.

Similar influencing factors had already been described by Brown and Bet
dey (20). In a prospective controlled study of children with asthma, it could also
be demonstrated that psychosocial stress had the greatest influence in eliciting
an asthma attack (91).

The relationship between stress and atopic dermatitis is underlined by stud
ies showing that daily hassles could be associated with symptom severity. Using
a diary technique for severity and emotional state, King and Wilson (56) demon
strated a significant positive relationship between interpersonal stress on a given
day and skin condition 24 hours later. This study, as well as further time-series
analyses (42,64), indicated the influence of daily hassles on the exacerbation of
atopic dermatitis.

III. NEUROANATOIIIIY
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Atopy-relevant effector cells, such as mast cells and Langerhans cells, form a
close anatomical relationship with nerve fibers staining positive for a number of
neuroactive substances, for instance substance P, vasoactive peptide, or nerve
growth factor (NGF) (10 I). Regarding this close anatomical relationship of nerve
terminals and effector cells in atopic dermatitis, it seems possible that stress
induced stimulation of nerve fibers induces secretion of neuroactive substances.
There is a growing number of studies indicating that atopic dermatitis patients
show disturbances in the cyclic adenosine monophosphate (cAMP) system, sug
gesting an altered catecholamine responsiveness. This concept was introduced
by Szentivany (102), who reported reduced responsiveness of ~-adrenergic re
ceptors in atopic dermatitis patients, and has been confirmed by Niemeier et
al. (82).
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IV. PSYCHONEUROENDOCRINOLOGY
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Functional changes in the hypothalamus-pituitary-adrenal cortex axis are under
discussion (4,21). Buske-Kirschbaum et al. (22) compiled an overview of the
psychobiological aspects of neurodermatitis and confirmed by means of hypothe
ses the various endocrine, immunological, and psychophysiological influences
on atopic dermatitis.

Pathophysiological studies follow the behavioral approach and address the
pathophysiological reactibility of neurodermatitis patients and conditioning as a
means of influence. The following are among the parameters used: heart rate,
electrical skin resistance, electromyographic activity, and skin temperature under
defined stress situations. In addition, psychometric data, such as scores for anxiety
and hostility and depressivity, are measured.

Jordan and Whitlock (48,49) compared neurodermatitis patients with a con
trol group of neurological and internal medicine patients with no atopic-type
diseases either themselves or in any family member. In the first phase, psychomet
ric data (Cattel Personality Inventory, Esenck Personality Inventory, Buss
Durkee Hostility Inventory, Depression and Anxiety Scales of the Minnesota
Multiphasic Personality Inventory) were recorded, and in a second phase the
authors examined the scratching reaction and changes in skin resistance in elic
iting by both an unconditioned stimulus (itching via electrodes) and a conditioned
stimulus (bell tone). The neurodermatitis patients had significantly higher values
in the scales Neuroticism (EPI), Anxiety (MMPI), and Suppressed Hostility
(BDHI).

No correlation could be demonstrated between emotional alteration (ele
vated scores for Neuroticism, Anxiety, Hostility) and vasomotor reactivity in the
sense of Eysenecks "autonomic reactivity."

A study by Faulstich et al. (30) compared 10 neurodermatitis patients with
a conception of autonomic reactivity to a control group with regard to measured
values of heart rate, electromyography, peripheral vasomotor response, skin tem
perature, and skin resistance. The patients were subjected to emotional (intelli
gence test) and physical stress. The neurodermatitis patients reacted remarkably
only with elevation of heart rate and of muscle tone under provocation by placing
the hand in ice-water ("cold-pressor test"). The neurodermatitis subjects attained
significantly high values in the scores for anxiety in the Symptom Checklist 90
(SCL-90R). However, no other connection to pathophysiological data could be
made.

In a similar study, Miinzel and Schandry (78) compared 18 atopic dermatitis
patients with a healthy-skin control group. In this study, heart rate, skin resistance,
axial skin temperature, and pulse volume amplitude were also measured under
emotional stress in the form of mental arithmetic and social (expressing an opin
ion on a topic in front of a group). The patients reported their feelings with respect
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to tension, annoyance, and restlessness using constant scales (0-100) during the
breaks.

All physiological parameters of the neurodermatitis patients, as well as the
feeling of tension, were significantly higher than in the control group. The skin
temperature also increased in the neurodermatitis patients and decreased in the
control group. The authors divided the neurodermatitis patient group with respect
to subjective malaise due to itching; the values of the subgroup of patients suffer
ing greatly from itching were responsible for the statistical increase in skin tem
perature in the entire group. The assumption was that there is a relationship be
tween emotional stress and the course of the disease, especially in patients with
sustained high levels of activation.

By contrast, Kohler and Weber (61) found absolutely no evidence of a
general hyperreactivity in relation to the skin system of neurodermatitis patients
in a study of sirllilar design.

These results demonstrate that a general hyperreactivity in neurodermatitis
patients can apparently not be assumed.

The influence of serious events in life and of stressors of various degrees
on the immune system is known. The autonorllic nervous system acts as the
connector between feelings and subsequent somatic response. Lymph nodes con
tain sympathic afferents; adrenergic and cholinergic fibers are found in the thy
mus, the lymphocytes also have adrenergic and cholinergic receptors (6).

In a study of75 students in the phase preceding final exams, Kiecolt-Glaser
et al. (55) found considerably reduced activity of the natural killer (NK) cells.
These cells playa special role in carcinogenesis and virus defense. The study
group was subdivided on the basis of psychometric tests (Brief Symptom Inven
tory, Symptom Checklist 90, Social Readjustment Rating Scale, UCLA Loneli
ness Scale), which revealed a con'elation between loneliness and feeling of dis
tress due to stressors and a reduced NK cell activity. Moreover, the tested students
had an elevated serum IgA level. In additional studies with similar conditions
and populations (54), reduced interferon levels were found, as was a correlation
between the extent of relaxation exercises and the number of T-helper cells.
Moreover, Kiecolt-Glaser et al. (55) found evidence of influence by stressors in
DNA repair of lymphocytes.

Baker (6) emphasizes that the altered reactivity of defense cells is decisive,
rather than the fluctuations in their counts. He also points out the significantly
higher incidence of neurodermatitis in depressive patients compared to schizo
phrenic patients. A large number of studies has demonstrated a reduced T-cell
count as well as an increase in eosinophils, B lymphocytes, and serum IgE in
neurodermatitis patients (23). Eosinophils and IgE correlate with the degree of
skin eruptions in eczema (72). Stone et al. (99) registered a reduction in the
IgE levels when the eczema abated in half of the neurodermatitis patients they
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examined. Wuthrich (112) ascribed a prognostic value to the eosinophil count in
eczema therapy.

Kupfer (64) examined the interaction between the severity of skin symp
toms, the expression of individual emotions, and the excretion of salivary cortisol
and salivary IgA. Aggression, depression, and anxiety were found to be emotions
particularly related to skin symptoms.

McGeady und Buckley (72) found a limited cellular defense. They exam
ined 21 neurodermatitis patients by applying intracutan-Candida-Candida albi
cans antigen and streptokinase-streptodornase. A pronounced anergie was found,
which correlated with the severity of the eczema. It is a fact that neurodermatitis
patients more frequently suffer sometimes generalized viral infections (herpes-,
coxsackie-, and other viruses) and bacterial superinfections (17,112).

Ring (88) has delineated the central immunoetiological role of vasoactive
mediators such as histamine and ECF-A (eosinophil-chemotactic factor of ana
phylaxis) in neurodermatitis patients. He cites the following factors as the deci
sive influence of this mediator liberation: Increased readiness of the basophiles
to excrete histamines, so-called "leaky" mast cells, a ~Tadrenergic control de
fect among other things at the level of the intracellular cAMP system, increased
sensitivity to a-adrenergic and cholinergic stimuli demonstrated in vivo and in
vitro, and elevated IgE levels. The histamine effect, besides its effect on the
capillary-bronchial system, lies in a limitation of T-suppressor activity with con
secutive IgE elevation. Increased sensitivity to histamine was found in nearly all
atopics at the T-cell level.

v. STUDIES OF ANXIETY, HOSTILITY, AND DEPRESSION
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Developments in research recognize atopic dermatitis as a psychosomatic illness
(2,14,59). Psychosomatic causes are considered important eliciting factors. Nu
merous studies on the personality of the neurodermatitis patient have shown,
however, that there is no "specific neurodermaitis personality." According to
studies by Purschel (85), up to 40% of patients themselves cite emotional factors
as eliciting neurodermatitis, while Griesemer and Nadelsohn (39) report up to
70%.

Anxiety was studied by Jordan and Whitlock (49) as one partial aspect of
the etiological discussion in neurodermatitis patients. The results showed elevated
anxiety values among neurodermatitis patients compared to a control group with
other types of disease; the MMPI additional scale was used to measure anxiety.
Garrie et al. (32) arrived at similar results in their studies. Faulstich et al. (30)
performed a pathophysiological study in which elevated anxiety could be demon
strated in neurodermatitis patients.
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In a study by Gieler et al. (34) using the HESTIBAR test procedure, the
neurodermatitis patients also recorded considerably elevated anxiety values. In
this study, cluster analysis showed subgroups, some of which presented extremely
high anxiety values and others in which values were in the normal range. It can
be assumed that the elevated anxiety values of neurodermatitis patients are not
a component of a "neurodermatitis personality," but that they do influence the
course of the disease and the patient's coping with the disease.

Suppressed hostility is frequently cited as one characteristic of the supposed
"neurodermatitis personality." The study by Jordan and Whitlock (49) using the
Bus-Durkey Hostility Inventory Test determined that neurodermatitis patients
had elevated values with respect to felt but not outwardly expressed hostility
compared to the control group. However, no differences were measured with
respect to openly expressed hostility. Other authors, like Borrelli (12), Cleveland
and Fischer (24), Fiske and Obermeier (31), Jordan and Whitlock (49), Levy
(66), McLaughlin et a1. (73), and Ott et a1. (84), also reported on studies using
projective procedures in which elevated hostility parameters were measured.

Gieler et a1. (34) found elevated neuroticism values in their emotion
ally remarkable subgroup of neurodermatitis patients, already mentioned
above. Elevated values toward depressive moods were also remarkable in this
group.

It appears as if personal aspects like suppressed hostility and anxiety, as
well as depression, are frequently confirmed in neurodermatitis patients in these
studies, but these aspects might also be interpreted as a consequence of the dis
ease.

VI. PSYCHOTHERAPY IN ATOPIC DERMATITIS
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Suggested therapies in the literature refer mainly to behavioral therapeutic and
in-depth psychological forms of therapy. In addition, there are numerous sugges
tions for combined therapy (for example, with relaxation training, dermatological
training) (36). According to the in-depth psychology concept, psychotherapy can
be performed with individual patients, with families, or even in groups. The treat
ment technique does not differ in these groups. The basis of psychoanalytical
psychotherapeutic treatment is the creation of a viable therapeutic relationship
via acceptance. On this basis, latent conflicts can be made accessible and con
scious during the course of treatment. Correspondingly arising inner resistance
and defense processes can be made accessible in order to be dealt with and over
come. This usually results in stabilization of the emotional balance and improved
coping with the actual disease episodes. Supportive interventions alternate with
revelatory interventions.
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In in-depth psychological psychotherapy, special attention is paid to the
affects (sadness, rage, etc.) and fantasies that arise during treatment. Making these
affects and fantasies conscious should help the patient to obtain better insight
into his own world and thus to attain altered coping ability in experiencing his
disease.

An analytically oriented psychotherapeutic treatment may be indicated, es
pecially in conjunction with chronic skin diseases. since stable and supportive
family relationships appear to considerably improve the coping with disease in
chronically ill patients.

VII. BEHAVIORAL THERAPY
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Treatment begins initially with behavior analysis, which records certain behaviors
that are elicited by certain situations (stimulus constellations or specific stimuli)
or promoted by certain situations (controlling stimuli, which precede the problem,
and stimuli that follow as a consequence of expressed behavior). In this connec
tion, it is also interesting to note the importance of the patient's person of refer
ence, especially how this person reacts to the patient's problems. From a behav
ioral-therapeutic point of view, it is important that the patient see the causes of
his disorder, i.e., attribute them. At the end of the session, considerations are
addressed concerning which therapeutic procedures could be applied. An impor
tant treatment procedure is thus based on rational development of new coping
strategies in dealing with' 'stress situations," i.e., the patient is taught to expand
his behavioral repertoire (75). In behavioral therapy, behavior analysis always
serves targeted therapeutic planning for the individual patient, whereby the con
trolling momentary stimulus conditions (operant, classical, conditional, and cog
nitive aspects) in the maintenance of a disease are isolated, which are then further
documented in parallel to the individual phases in the course of treatment.
Changes in the goal of therapy and the use of new treatment methods may occur
during treatment. The active participation of the patient by means of so-called
homework or documentation of strategies, which the patient uses or which are
suggested by the therapist, is in any case part of treatment. Operant' 'condition
ing" with application of so-called positive rewards plays an important role in
the differentiated psychotherapy program of the behavioral therapist. Operant
reward models are more effective if certain aspects are taken into account:

1. Self-confidence training or social training seeks to attain improvement
in the possibility of realizing one's own wishes and needs in face of
the environment. This is made possible by role-playing, training, and
social confrontations, taking nonverbal aspects of behavior into ac
count.



50 Gieler et al.

2. In learning models in role-playing, the patient observes therapeutically
desirable behaviors in other persons and the positive consequences that
result from their behavior. Certain characteristics of these persons (sex,
age, social attractiveness) may promote or limit this learning model.

3. Many behavior-therapeutic interventions are carried out in complex or
chronic behavioral problems that do not immediately offer a chance
to attain completely different (desired) behavior within a short time.
Various therapeutic steps may lead ultimately to a desired therapy
modification (shaping). Parts of behavioral patterns are analyzed and
influenced, especially in individual steps. These steps are related to
one another and potentiate the patient's willingness to change.

4. In biofeedback the patient cognitively registers physiological parame
ters, and support in changing these parameters is given a particular
direction by means of light and sound signals. Additional technique
are counterconditioning (e.g., in overcoming anxiety), aversion tech
niques, operant deleting, exposition therapy-especially in phobi
states, confrontation with the situation that elicits the fear.
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To complete the picture, the behavioral-therapeutic approach in itching should
be mentioned (11). In a presentation of the dynamics of the scratch reaction, they
reveal the unconscious aspect of this process. Diffuse distress and not the visual
or haptic perception of a scratch site precedes the scratching reaction typical of
neurodermatitis.

At the start of the scratching phase, the need to scratch increases, only to
decrease rapidly again when pain and bleeding have begun. The curve of circa
dian scratching rate recorded on a large patient collective is a mirror image of
the daily activity curve. This makes it apparent that wakefulness and nonwake
fulness exert a control function and are one criterion of scratching.

The vicious circle of scratching begins when a frustrating, fear-eliciting
stimulus (S) meets an organism (0) with a characteristic behavioral deficit (deficit
in recognition, permissiveness, and dealing with one's own emotions). These
patients tend, according to the authors' observations, to reject a psychological
interpretation of the scratching symptoms. The authors attribute this attitude to
the fact that "the organ skin in our culture is the one which most readily permits
expression of emotional distress, without being unmasked by the patient or his
environment" (11). The tension reduction (Cl) appears more spontaneously un
der reaction (R) in the fonn of scratching when S meets 0 than the negative
consequences (C2) like pain and exacerbation of the skin condition.

The therapy concept of Boddecker and Boddecker (II) is based on positive
reinforcement of not scratching, punishment preceding reward (tension reduction)
(e.g., by protocolling before scratching), and withdrawal of reinforcement (e.g.,
annbands with alarm devices).



Some studies take special notice of the family situation of neurodermatitis pa
tients. It appears that the family environment is co-responsible to a high degree
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VIII. ANALYTICAL AND PSYCHODYNAMIC-ORIENTED
SINGLE, FAMILY, AND GROUP THERAPY

At the center of the psychoanalytical treatment method is making the patient
aware of unrecognized meanings in respect to his own life situation. This is made
without behavioral instructions from the therapist (104). The treatment techniques
consist essentially of "elucidation," "confrontation," "interpretation," espe
cially perception of "transfer" and "countertransfer." The individual terms are
explained briefly below.

Elucidation proceeds via examination of experience and behavior patterns
in dealing with others in the patient's personal environment. Important interaction
and experience patterns are to be worked out in connection with the patient's
internalized importance.

In confrontation, blocked and denied modes of behavior and experience
and their effect on others are made clear, whereby the therapeutic situation is
also made clear by using everyday situations.

Interpretations are intended to reveal unrecognized relationships of the ex
perience and behavioral patterns between significant others. Past experiences,
such as in childhood, which are blocked and denied are addressed.

The aspect of transfer and countertransfer plays a special role in analytical1y
oriented psychotherapeutic treatment. It is based on the idea that working through
emotions and relationship fantasies in connection with behavior represents a par
ticular psychodynamic configuration and is understood as a mutual process of
therapist and patient, or as a therapeutic process. Within the therapeutic frame
work, wishes for independence and the fear of consequences and reaching a com
promise between wishes and fears are understood and their defense mechanisms
with resultant modes of behavior dissipated. Psychotherapeutic treatment is con
sidered successful when the patient is able to work out more satisfying possibili
ties in his personal life.

Analytic in-depth psychology-oriented psychotherapeutic group therapy
enables a therapeutic relationship constel1ation in which patients have the possi
bility of experiencing and working out neuroticizing or pathological relationships
within the group, where a multiple transfer resource arises between the group
leader and group participants, with the possibility of working out personal con
flicts as wel1 as conflicts with one another. Psychotherapeutic treatment proce
dures are relatively effective for neurodermatitis patients (l0).

IX. FAMILY ASPECTS
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for the course of the disease. Essentially, the studies concentrate on the mother
child relationship.

Gieler and Effendy (33) reported on disrupted communication between in
fants and their environment, elicited by neurodermititis skin disease. In their
view, no delineated body image can crystallize because of the early disruption
of communication, which leads to impairment in the child's overall emotional
development with a tendency to withdrawal to the organ skin. Adult atopic derma
titis patients engaged in a problem discussion with their mothers or with their
partners showed less acceptance, less self-disclosure, and more justification than
a nonatopic control group (108).

Rechenberger (1993) also sees an altered body image of patients with neu
rodermatitis as essential. The neurodermatitis patient is incapable of experiencing
his skin as a protective, enveloping shell.

Piirschel (85) is of the opinion that a child with skin disease experiences
marked limitations in respect to his relationship to his environment, which results
in a persistent impairment of contact to that environment.

It was remarkable in the study by Ring et al. (89) that children with neuroder
matitis displayed more aggression toward their parents and reported more separa
tion events in their lives to that point. The mothers in these studies were also seen
to be rather cool and to show little emotion; they were sparing in their praise of
their children, which they limited essentially to performance. Brautigam et aI. (16)
are of the opinion that mothers of neurodermitic children feel stressed by the out
ward appearance of the child with skin disease and from the experience that the
child apparently desire physical contact, which they are unable to accept. It is as
sumed that the distancing posture of the mothers is elicited mostly by the child's
disease. By contrast, Piirschel (85) points out that parents react with overprotection
toward their skin-diseased child and thus inhibit the child's development.

Generally, the particular stress for the child with neurodermatitis, as well
as for the other family members in early-onset and chronic course of the disease,
appears to give the skin a special value as an "organ of limitation" in these
families and complicated neuroticizing interactions may result.

x. AFFECTIVE AREA AND NEUROTIC SYMPTOMS
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According to the study by Kuypers (65), psychosocial factors coupled with emo
tional conflicts have a marked influence on the onset or exacerbation of neuroder
matitis. The tensions caused by certain emotional states and their resolution are
accompanied in many cases by a reduction in skin symptoms. The importance
of emotions and the experience of related conflicts are variously experienced by
neurodermatitis patients. Decisive for elicitation of skin reactions is probably not
the conflict itself, but rather the emotional quality ascribed to the conflict.
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In a study with 448 neurodermatitis patients, Piirschel (85) found that
57.5% had problems in private areas, with women reporting difficulties more
often (76.1 %) than men (29%). Stress situations were viewed as a central theme
with regard to onset of neurodermatitis episodes. Of the 448 patients, 187 (41 %)
ascribed the exacerbation to problems at work and especially in interpersonal
relationships. The skin reactions in the sense of neurodermatitis were also re
ported in connection with examinations, engagements, and weddings. Appar
ently general stress situations are decisive; according to Piirschel (85), the indi
vidual tolerance limits are lower than among healthy individuals. Rechardt (86)
found that feelings of dependence and hopelessness occurred more often dur
ing episodes of the disease but did not occur in an episode-free interval 9 years
later. He attributed the emotional disturbances to stress caused by the skin
disease. Likewise, according to Bosse (13), neurodermatitis episodes occur in
connection with actual conflict situations. These conflict situations are age
related threshold situations, which may lead to a subsequent exacerbation of
the skin condition. In children, he typically observed absence or lack of one or
both parents, tensions in the parents' marriage or within the family, job situa
tions, change of schools, move, periods of looking for a job, looking for a partner,
or examinations. In adults, weddings, interpersonal problems, death, or tempo
rary emotional or physical overload led to recurrent exacerbation of the skin
condition.

XI. STRESS IN CONNECTION WITH LIFE EVENTS

King and Wilson (56) examined 50 neurodermatitis patients over a period of 14
days. In a subsequent meta-analysis, the calculated correlation coefficients re
vealed that the skin condition cross-correlated synchronously with values for
anxietyltension, interpersonal stress, depression, frustration, feelings of aggres
sion, expressed aggression, and suppressed aggression (in that order). The authors
showed that stress on the previous day correlated with the actual skin condition,
and the actual skin condition led to increased stress and elevated depression val
ues on the following day.

Hospitalized neurodermatitis patients were examined in a pilot study by
Hiinecke et al. (47). An attempt was made to discover certain events that elicited
the episodes. It was found that demonstrable psychosocial events (weekends,
visits, discharge) were coupled significantly frequently with disease exacerbation.
Schubert (93) was also able to demonstrate a number of cross-correlations be
tween stress events and disease outbreak, as well as between emotional well
being and skin symptoms in a timed series study of 6 neurodermatitis patients.
Conversely, it was not possible to predict the skin condition on the subsequent
day from the occurrence of stress events or any particular mood.

MARCEL DEKKER, INC.~
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XII. STATUS OF RESEARCH INTO
THERAPEUTIC EFFECTIVENESS
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Research into the effectiveness of psychotherapy in skin diseases, especially neu
rodermatitis, is still largely in the beginning phase. To date, differential aspects
in adult neurodermatitis patients have only limited value with respect to prognos
tically relevant indication criteria, since the studies thus far refer usually to indi
vidual cases or very small numbers of patients. In general, clinical dermatology
does not appear to have paid sufficient attention to psychological factors and
psychotherapeutic possi bi Iities.

A high level of motivation fortherapy is considered prognosticaJly positive
(93), while early onset of disease and other additional atopical diseases are
viewed as prognostically unfavorable (63).

Another study was performed at the request of the Institute for Social Medi
cine Epidemiology and Health Systems Research (ISEG Study) to evaluate thera
peutic measures in neurodermatitis (0). In cooperation with the Gmiinder Er
satzkasse health insurance group, it could be demonstrated that, among other
forms of therapy, psychotherapy was rated by the patients as having the most
positive long-tenn effect.

In a meta-analysis (I) various psychotherapeutic procedures were examined
with respect to skin condition and subjective well-being. It was found that the
psychotherapeutic procedures were clearly more effective than somatic-medical
standard measures. The neurodermatitis personality postulated in this study could
not be confirmed, but the characteristics of anxiety, depression, and neuroticism
were significantly high. A total of 865 subjects were examined: 553 adult neuro
dermatitis patients and 129 children. The effects of various combined psychother
apeutic interventions were examined. The skin symptoms improved significantly
with all measures in the patients receiving psychotherapy. Their medication con
sumption and scratching frequency were also reduced.

Kaschel (52) studied various methods and developed a training program
especially for neurodermatitis patients, taking psychotherapeutic aspects into ac
count. Positive affects were also described by Klein (57) Walsh and Kierland
(06), Williams (09), and Thoma (04). Since skin diseases may be caused,
according to psychoanalytical theory, by disruptions in early childhood develop
ment, other psychological therapy forms, like gestalt therapy or client-centered
conversation (defined by Rogers) may be effective. However, no results witll
respect to neurodermatitis have yet been published.

Neurodermatitis has considerable influence on a patient's quality of life.
Satisfaction with life is of central importance in experiencing and coping with
disease (5). A number of stresses with corresponding psychosocial consequences
make high demands on coping resources (25). It can therefore be assumed that
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various aspects of the disease will elicit various coping reactions, and they, in
tum, may differ from the coping reactions in other stress situations (9). Chronic
skin diseases like neurodermatitis may lead to serious limitations in emotional
well-being and are frequently coupled with social problems. It can be demon
strated that these stressing effects are underestimated in relation to other chronic
diseases. Dermatological diseases like neurodermatitis are particularly likely to
be of considerable detriment to self-image and social relationships, since the
symptoms are so visible. It happens frequently that persons with skin diseases
experience negative social reactions from other persons, starting with ambi
valent reserve to distancing and on to open rejection (15). Occasionally, fear of
contagion makes social contact more difficult (46). Expectation of rejection and
avoidance, for example, in public, leads to a consistent coping strategy of avoid
ance, which in tum leads to generalization and exacerbation of the symptoms
(68).

Itching is one skin symptom of neurodermitis. The intensive need to scratch
is a serious limitation of well-being. Since itching can be elicited by external and
internal stimuli, like heat, skin dryness, or simply imagining such sensations
(lOa), it is a particularly stressful symptom. Likewise, the itching threshold can
be lowered by "stress" (27,37). The scratching impulse to itching stimuli is a
reflex that can be inhibited spinal by cortical structures (100). Scratching irritates
the pain receptors. For a time, this reduces the sensation of itching, accompanied
by a feeling of relief. With a slight delay, the itching threshold is reduced, which
brings increased sensation of itching and in turn increased scratching. When the
skin is finally bleeding, it hardly itches (77). Pain takes precedence over itching.
In this constantly widening vicious circle, new skin damage arises, neurodermati
tis becomes chronic with the known symptoms of thickening of the afflicted epi
dermis and coarsening of the skin structures. It was demonstrated (49) that even
slight diffuse tensions or malaise can elicit scratching. According to Bosse and
Hiinecke (14), helplessness in the face of this vicious circle and guilt feelings of
having failed in self-control give rise to additional emotional stress for the pa
tients, which in turn can maintain the itching-scratching cycle. The ever-recurrent
sequence of recurrences and freedom from episodes is also often accompanied
by feelings of helplessness, of being thrown to the wolves, and by anxious-de
pressive moods (96). The stress of constant itching is also frequently underesti
mated. Sleep deficits and reduced ability to concentrate during episodes of the
disease are frequent symptoms (44).

Due to disease-related habits like constant scratching or the experienced
limitation of attractiveness, the negative effects on communication increase (108).
This, in turn, leads to additional unsolved problems in social relationships. The
resultant increase in tension and aggression is expressed by more scratching and
contributes to further exacerbation of the disease.



56 Gialar at al.

XIII. EXPERIENCES WITH ATOPIC ECZEMA
PREVENTION PROGRAMS

In 1951 and 1955 Williams (109) and Shoemaker et al. (94) published their expe
riences with supportive group therapy, the latter with 25 patients. In some cases
improvements of symptoms were noted together with an improvement of emo
tional responses (e.g.. anger), but the size and heterogeneous composition of the
groups were on the whole rather disadvantageous.

In the behavior-oriented therapeutic interventions of the studies published
so far, it was predominantly attempted to interrupt the itching-scratching cycle
(80). This can be activated by (l) reduction of excessive physiological stress
reactions, (2) methods concerning the perception of itching, and (3) strategies to
avoid scratching. Further therapeutic approaches involve measures aimed at the
reduction of negative effects on social behavior by (1) development of behavioral
competence for an improved coping with stress and (2) improving the handling
of illness-specific psychological stress. Thus, dermatological education consti
tutes an attempt to enable the patient to become active in a competent manner
by acquiring knowledge.

XIV. MEASURES TO INFLUENCE THE
ITCHING-SCRATCHING CYCLE

A. Reduction of Physiological Stress Reactions
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There is a wealth of experience concerning the reduction of the physiological
excitation level. The following relaxation methods are practiced: autogenic train
ing (AT), EMG-feedback training, cue-controlled relaxation, and the progressive
muscle relaxation according to Jacobson.

Home et al. (45), Kaschel et al. (51), and Niebel (79) were successful in
combination therapies with progressive muscle relaxation. The balancing of vege
tative and immunological dysfunction as well as improved body perception and
an active conviction concerning physical reactions (8), are considered as effective
factors in muscle relaxation and autogenic training.

The technique of so-called cue-controlled relaxation, i.e., the flexible de
ployment of relaxation techniques following an exciting cue (e.g., scratching im
pulse), has been proven successful by Horne et al. (45), Kaschel et al. (51), and
Niebel (79). Another effective method for the reduction of stress, EMG-feedback
training, was demonstrated in eight patients (41). The extent to which the ability
to relax led to an improvement of her skin state (over 30 months) is, however,
unclear, for an improved ability to relax could not be proven (38).

In an EMG-biofeedback study with progressive muscle relaxation, McMen-



B. Strategies for Scratching Avoidance

Bar and Kuypers (7) reported their work with children whose scratching behavior
was simply ignored, while abstaining from scratching was rewarded. During the
18-month follow-up, the children remained symptom-free. The technique, based
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amy et a!. (74) were able to achieve a complete remission of symptoms, which
persisted in three patients during a 2-year follow-up. Unfortunately, this study,
like many others, had no control group without therapy (placebo effect).

Kammerer (SO) and Cole et a1. (26) employed AT in combination with other
behavioral therapies, e.g., self-observation, self-control following a scratching
impulse, and the alteration of stress-evoking basic convictions. Following therapy
a significantly improved skin condition was diagnosed. In the study by Cole et
a1. (26) the problem of the control group was solved by using the patients during
the 3-month period before the begin of the therapy as "controls." Unfortunately,
the follow-up period amounted to only 1 month. But even in this study (as in
many other studies) the problem remains that AT was employed only in combina
tion with other behavioral therapies. Therefore, it is not clear which therapy was
responsible for the positive results. In a prospective randomized study of 125
atopic eczema patients treated with different therapies, Stangier et al. (97) showed
that AT was unexpectedly effective. Besides the therapy studies (unfortunately
executed in combination) investigations with other aims showed positive effects
of AT on skin reaction. Through AT the extent of skin reactions to standardized
allergy testing could be reduced (l03). Ely et a1. (28a) found that inflammatory
reactions of the skin following allergen contact rose if anxiety and stress were
artificially produced by experimental conditions. According to Kammerer (SO)
AT can lead to a reduction of affective tension provoking itch and to an improved
perception of one's body. In addition, AT can contribute to an alteration of the
perception of itching and to a lowering of the elevated psycho-physiological exci
tation level. The effects of suggestive procedures like hypnosis depend on previ
ous experience, expectations, and, above all, on the inclination of the person to
be hypnotized; of great importance is imaginative capability.

For the alteration of the itching perception there are several approaches:
Schubert (92) transformed some suggestion techniques of hypnosis studies into
an imagination training, and Luthe and Schulz (71) used imagination techniques
(imagination of coolness) (see also Refs. 38 and 45). Suggestive techniques like
hypnotherapy were used successfully in some studies (58,95,98,105). Hajek et
a1. (40) reported long-lasting positive effects in the sense of raising of the itching
threshold. These results suggest that imaginative methods can be effective be-
cause of the relationship between perceptions, (auto-) suggestive reaction expec
tations, and physiological skin functions in skin diseases.
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on a better perception of an automated procedure and the learning of alternative
behavior incompatible with scratching (pinching, muscle tension), has proved a
success (76,90).

Melin and coworkers (76) and Noren and Melin (83) compared the effect
of behavior-oriented and medical treatment with that of medical treatment (corti
costeroids) alone. The interventions carried out with control groups, but unfortu
nately without long-time follow-up, included several habit-reversal techniques.
Following the early perception of the scratch impulse and its accompanying con
ditions, the patients reacted with two kinds of behavior incompatible with
scratching. The marked reduction of scratching and the improvement of symp
toms correlated highly, leading to the conclusion that these were the results of
scratching-avoidance strategies.

Rosenbaum and Ayllon (90) were able to obtain long-term success (6
months follow-up) with such habit-reversal techniques in four patients.
Scratching, eliciting risk situations, and consequences were described in detail
by the patients, a signal was installed for the interruption of the time course, then
an alternative behavior, e.g., pinching, was learned, and this course sequence
practiced repeatedly.

Niebel (79,80) also applied training with specific scratch-control and stress
control techniques (habit-reversal, "scratching-blocks" replacing skin). Similar
to the comparison group, which was more directed to coping with stress, a reduc
tion of the scratching frequency and severity of symptoms was observed during
the 6-month follow-up (n = 15). However, there were no significant differences
between the groups, which is not surprising given the minimal therapeutic differ
ences between the groups.

xv. METHODS TO REDUCE NEGATIVE EFFECTS ON
SOCIAL RELATIONSHIPS BY ATOPIC ECZEMA
PREVENTION PROGRAMS
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Development of behavorial competence for improved coping with stress and im
proved coping with the illness-specific mental stress have received little attention
in studies so far. Training for attaining social competence with the aim of im
proved coping with situations stressing atopic eczema patients was practiced suc
cessfully by Kaschel et a1. (51) and Niebel (79,80) in combination with relaxation
exercises.

Schubert et al (93) found significant differences when comparing a group
with unspecific discussion therapy and a behavioral therapy group (reduction of
scratching, stress-coping techniques). In five case studies Kaschel et al. (51) noted
essentially short-term success concerning the reduction of scratching and medica
tion. Great individual differences were pointed out.
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The attempt to improve the control over the disease (self-therapeutic com
petence) by acquiring knowledge in the framework of dermatological teaching
has been neglected in the studies published. However, the various psychothera
peutic approaches have obviously stood the test.

XVI. STATUS OF EMPIRICAL RESEARCH WITH ATOPIC
ECZEMA PREVENTION PROGRAMS
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The effect of different combined psychotherapeutic interventions was investi
gated in 12 studies (26,28,40,41,69,70,76,79,80,93,95,107). Melin et al. (76) and
Cole et a1. (26) studied the effects of medical treatment on skin symptoms. Melin
et al (76) compared a hydrocortisone therapy alone with concomitant self-control
strategies for the reduction of scratching, and Cole et a1.(26) investigated different
topical applications including systemic steroids in comparison to a combined
psychotherapy. The skin symptoms improved following all the methods, but sig
nificantly moreso in patients with psychotherapy. The use of drugs decreased and
systemic steroids were no longer used, even at one-month follow-up (76). The
paper of Cole et al. (26) had no follow-up.

In four methodically weJl-controlled studies (28,79,80,93), the effects of
different forms of therapy were compared. Dermatological symptoms and
scratching frequency were reduced by aJl the evaluated therapies studies
(28,79,80,93) better by combined behavior therapy and scratching control tech
niques (78,81) and in tendency better by behavior therapy compared with derma
tological education and school medical therapy (28). No significant differences
were obtained in one study (93). In a further study the scratching frequency de
clined in one group, while another group yielded better results with regard to
itching, skin symptoms, and scratching frequency; in the first group the psycho
logical variables "depressions," "fear of failure," "restrictions through atopic
eczema," and' 'lack of self-assurance and attractiveness" were reduced; derma
tological state and itching improved only in individual cases (79,80).

In a subsequent study (80) the psychological variables improved, especially
foJlowing combined behavioral therapy and least in the control group. The fear
tendency was most effectively reduced in the group with relaxation training and
the combined behavior therapy group (28). The variable "anxiety" was in one
study improved by dermatological teaching and combination therapy, but not
significantly. The follow-up after 6 and 12 months showed that psychotherapeu
tical inverventions had more positive long-term effects on the course of the dis
ease. The skin improved further following all psychological interventions (28).
Eleven out of 15 patients in the study of Niebel (80) stopped using cortisone,
and the skin remained improved in all groups and the positive effects of the
behavior therapy persisted in contrast to those of the dermatological standard
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therapy (93). The combination of behavioral therapy and education (28) and the
combined behavior therapy (80) yielded marginally better results than the other
forms of psychotherapy.

There are also studies concerning the effectivity of therapies in children
with atopic eczema or their parents. In one study with children (107) a complex
dermatological therapy in a rehabilitation clinic was compared with an additional
behaviour therapy of 7 hours per week. At the end of the treatment the skin was
similarly improved in both atopic eczema groups. Broberg et al. (18) Allen and
Harris (3), Kohnlein et al. (62), and Gieler et al. (35) demonstrated that parent
education is effective.

In two recent controlled studies it was shown that educational measures
were superior to routine therapy. Niebel (81) observed similar effects in two
groups, one of which underwent direct training devised to change behavior, while
the other was schooled by video tapes. In a randomized study with 204 families,
Kehrt et al. (53) showed that the quality of life of the mothers had improved
significantly in the invervention groups compared to the control group.
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Socioeconomic Impact of Atopic
Dermatitis

Candace S. Lapidus and Philip E. Kerr
Brown Medical School, Providence, Rhode Island

I. INTRODUCTION

Atopic dermatitis (AD) is one of the most commonly diagnosed skin disorders
worldwide. It is a chronic disease that affects 5-20% of infants and children (I).
A recent study by Hanifin and coworkers (2) examined the prevalence of AD in
Oregon schoolchildren less than 9 years of age. Their prevalence estimates ranged
between 6.8% and 17.2%. Approximately two thirds of those afflicted with AD
are under the age of 16 (3), with most cases beginning before age 5 (4). AD has
been shown to have a lifetime prevalence of 30% or higher in certain geographic
areas (5-7). We are in the midst of a worldwide epidemic of AD, with the preva
lence of this important skin disorder increasing significantly over the past 30
40 years (4,8).

Despite the frequency and natural history of AD, it is often viewed by
society and the medical community as a minor dermatological condition. Derma
tologists, pediatricians, and other practitioners who care for patients with AD
recognize the hardship caused by the disease not only to the patient, but also to
tlle family and society. Atopic dermatitis can have a major effect on the patient's
quality of life, disrupting family and social relationships, and interfering with
work, school, and recreational activities. Given its frequency, it is not surprising
that the treatment of AD is accompanied by significant costs. These costs are
borne not only by health insurance carriers and patients for prescriptions and
physician consultations, but also by families and society for time lost from work
and school for treatment and resulting restrictions in employment opportunities.
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II. PSYCHOSOCIAL IMPACT OF ATOPIC DERMATITIS

A. Impact on Quality of Life
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As previously stated, AD is particularly common in children under 5 years of
age. The effects of a chronic, symptomatic disease at such a young age may
certainly be expected to have an impact on the overall well-being of a child.
In these formative years, the disease often interferes with the child's important
emotional and social development. A study by Daud et a1. (9) in England directly
assessed psychosocial adjustment in children affected by atopic dermatitis (aver
age age approximately 3 years). The parents completed questionnaires and were
interviewed, and the children were placed in stressful situations to evaluate their
reactions. The scores on the behavioral questionnaire indicated that while the
majority of children with AD were well adjusted psychologically, about a third
had scores above morbidity levels. This rate was meaningfully higher than in
controls or samples from the general population. In fact, the proportion of chil
dren with major disturbance was similar to those seen in other severe chronic
illnesses in childhood. In comparison to the control groups, children with AD
demonstrated significantly more dinginess, dependency, and fearfulness. They
were considered poorly adaptable and were twice as likely to have problems with
sleep. The presence of these behavioral problems was directly correlated with
the severity of the atopic dermatitis.

Children with AD did not exhibit significantly greater incidence of other
behavioral disturbances, such as mood changes, eating problems, or difficult rela
tionships with siblings and peers. Importantly, children with AD did not display
the more ominous behavioral signs of hyperactivity, attention seeking, disobedi
ence, or aggressiveness. Overall development was equal between subjects and
controls in this study, with 85% of both groups scoring within the normal range
on the Denver Developmental Screening Test. Therefore, these young children
had relatively mild behavioral problems, and the presence of these problems was
linked to the severity of the eczema. This led the authors to conclude that the
psychosocial disturbance in most children with AD is closely related to the their
physical condition and is not likely to be severe or permanent in the majority of
cases.

Atopic dermatitis may lower self-image, self-esteem, and confidence in
older children just as they are beginning a stage of social interaction (9). This
point was illuSU'ated in a study by Lewis-Jones and Finlay (10), in which the
authors applied the Children's Dermatology Life Quality Index (Table I) to 233
school-aged dermatology outpatients in England. The study revealed several im
portant findings regarding patients in this age group. Of the dermatoses that com
monly affect children, only scabies was shown to have a greater impact on quality
of life than AD. Atopic dermatitis scored higher than other inflammatory disor
ders such as psoriasis as well as infectious diseases such as viral warts and mol-
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Table 1 The Children's Dermatology Life Quality Index Questionnaire

69

1. Over the last week, how itchy, "scratchy," sore, or painful has your skin been?
2. Over the last week, how embarrassed or self-conscious, upset or sad have you

been because of your skin?
3. Over the last week, how much has your skin affected your friendships?
4. Over the last week, how much have you changed or worn different or special

clothes/shoes because of your skin?
5. Over the last week, how much has your skin trouble affected going out, playing,

or doing hobbies?
6. Over the last week, how much have you avoided swimming or other sports

because of your skin trouble?
7. Last week, was it school time or holiday time?

a. If school time: Over the last week, how much did your skin affect your
schoolwork?

b. If holiday time: How much over the last week has your skin problem
interfered with your enjoyment of the holiday?

8. Over the last week, how much trouble have you had because of your skin with
other people calling you names, teasing, bullying, asking questions, or avoiding
you?

9. Over the last week, how much has your sleep been affected by your skin
problem?

10. Over the last week, how much of a problem has the treatment for your skin
been?

Source: Ref. 10.

luscum contagiosum. Atopic dermatitis even scored higher than such highly visi
ble diseases as acne and alopecia, which might be expected to have a substantially
greater impact on the quality of life of patients in this age group. Interestingly,
skin diseases in general were not considered by the children to have impacted
friendships despite a high percentage of patients reporting feelings of embar
rassment, self-consciousness, or sadness due to their skin. Not surprisingly, symp
toms such as pruritus, soreness, or pain appeared to have the greatest impact on
quality of life. Other ways in which skin diseases impacted quality of life included
the following: restrictions in sporting activities, disruption of sleep, and problems
with continuity of treatment.

Atopic dermatitis can have an equally detrimental impact on the quality of
life of adults. This was demonstrated initially by Finlay and Khan (11), who
developed and used the Dermatology Life Quality Index (DLQI) (Table 2) on a
group of adult dermatology outpatients. Using this questionnaire, in which a
higher score theoretically corresponds to greater impact on quality of life, the
authors found that patients with AD were the highest scoring group when com-
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Table 2 The Dermatology Life Quality Index Questionnaire

1. Over the last week, how itchy, sore, painful or stinging has your skin been?
2. Over the last week, how embarrassed or self-conscious have you been because of

your skin?
3. Over the last week, how much has your skin interfered with you going shopping

or looking after your home or garden?
4. Over the last week, how much has your skin influenced the clothes you wear?
5. Over the last week, how much has your skin affected your social or leisure

activities?
6. Over the last week, how much has your skin made it difficult for you to do any

sport?
7. Over the last week, has your skin prevented you from working or studying? If

'No,' over the last week how much has your skin been a problem at work or
studying?

8. Over the last week, how much has your skin created any problems with your
partner or any of your close friends or relatives?

9. Over the last week, how much has your skin caused any sexual difficulties?
10. Over the last week, how much of a problem has the treatment for your skin been,

for example, by making your home messy, or by taking up time?

Source: Ref. I l.
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pared to patients with other common skin diseases. These patients exhibited Index
scores higher than patients with psoriasis, acne, basal cell carcinomas, or viral
warts. The DLQI has been used in a number of other studies, and the deleterious
affect AD has on quality of life has been consistently demonstrated (12,13).

Atopic dermatitis has also been associated with increased anxiety. A recent
study by Linnet and Jemec (12) demonstrated a higher level of anxiety in adult
patients with AD compared to controls. The AD was shown to have a significant
affect on their quality of life. Interestingly, the degree of anxiety in the AD pa
tients was not dependent upon the severity of disease. Anxiety related directly
to the extent the disease interfered with social, recreational, and sexual activities.
The study found these activities to be relatively independent of disease severity.
The severity of AD seemed to primarily affect symptoms, self-image, and daily
activities. Therefore, the quality of life of patients with AD seemed to relate
relatively independently to both disease severity and anxiety. In order to best
improve quality of life, the authors emphasized the need to treat not only the
dermatological manifestations of AD, but the psychological aspects as well.

Since atopic dermatitis is a disease with numerous predisposing and precip
itating factors (14), it follows that certain occupations may contribute to the signs
and symptoms of AD. Examples include flare-ups in veterinarians, farmers,
groomers, and other animal workers who develop allergic reactions and hand
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eczema in patients with occupational or domestic exposure to irritants. In their
review of the occupational aspects of AD, Coenraads and Diepgen (15) reported
that occupational irritants could precipitate atopic dermatitis, especially hand
eczema. The authors observe that the risk of hand eczema in the general popula
tion is at least doubled simply by having a history of AD, and exposure to occupa
tional irritants multiplies this risk by a factor of two or more. Patients with AD
may be forced to change occupations, observe special precautions at their work
place, or avoid certain jobs altogether. It is unclear, however, to what extent this
occurs.

B. Impact on the Family and Society
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Given the substantial impact atopic dermatitis can have on the quality of life of
patients afflicted with this disorder, it is not surprising that having a child with
AD can markedly disrupt family function. A study by Su et a1. in Australia (16)
examined the degree to which a child's atopic dermatitis impacted the family.
In this cross-sectional study of the families of 48 children with AD, parents were
asked to agree or disagree with statements pertaining to the affect this chronic
illness has had on the family. Examples of statements provided to parents include:
(1) My child's eczema is causing financial problems for the family; (2) People
in the neighborhood treat us differently because of my child's eczema; and (3)
Nobody understands the burden I carry. Other statements in the survey examined
the positive effects the child's eczema may have had on the parents, for example:
Learning to manage my child's eczema has made me feel better about myself.
To get an idea of how AD compared to other chronic cillldhood diseases, a control
population was formed of children with insulin-dependent diabetes mellitus
(IDDM) from a nearby hospital climc. Overall, AD had a greater impact on the
family than did diabetes. When AD was categorized according to severity, those
groups with moderate and severe eczema had significantly higher impact scores.
Despite the significant burden one might expect IDDM to place on the families
of affected children, even mild AD had a similar impact as did diabetes on the
family.

In a study by Lawson et a1. (17) in England, intensive interviews with 34
families of children with AD were conducted. With the information gathered, a
questionnaire (Table 3) was synthesized and results were collected from 56 fami
lies. The findings from this study revealed the many different ways in which
having a child with AD can impact the family. The authors reported that most
parents of children with AD described psychological pressures including feelings
of guilt, exhaustion, frustration, resentment, and helplessness. Family lifestyle
was similarly affected, with many parents stating that they did not lead a "nor
mal" family life, including restrictions in choices of foods, pets, and household
products and location of family vacations. Having a child with AD requires a
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Table 3 The Dermatitis Family Impact Questionnaire

1. Over the last week, how much effect has your child having eczema had on
housework, e.g., washing, cleaning?

2. Over the last week, how much effect has your child having eczema had on food
preparation and feeding?

3. Over the last week, how much effect has your child having eczema had on the
sleep of others in the family?

4. Over the last week, how much effect has your child having eczema had on
family leisure activities, e.g., swimming?

5. Over the last week, how much effect has your child having eczema had on time
spent on shopping for the family?

6. Over the last week, how much effect has your child having eczema had on your
expenditure, e.g., costs related to treatment, clothes, etc.?

7. Over the last week, how much effect has your child having eczema had on
causing tiredness or exhaustion in your career(s)?

8. Over the last week, how much effect has your child having eczema had on
causing emotional distress such as depression, frustration or guilt in your
career(s)?

9. Over the last week, how much effect has your child having eczema had on
relationships between the main caregiver and partner or between the main
caregiver and other children in the family?

10. Over the last week, how much effect has helping with your child's treatment had
on the main caregiver's life?

Source: Ref. 17.
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substantial commitment of treatment time on the part of the whole family. In one
study (16) the mean daily time spent by the parents for treatment of the child
was 2-3 hours, excluding time spent in preventing children from scratching. The
mean hours of sleep lost by parents was 1-2; the same was true for the affected
child. Lawson and coworkers (17) noted that approximately two thirds of children
reported sleep problems. The authors reported that nighttime scratching led to
delays in settling the child down to sleep and increased rates of nighttime reawak

ening. Both of these may be expected to contribute to frustration and exhaustion
in the parents. Of note, approximately two thirds of siblings also reported lost
sleep. In addition to the time required to pelform treatments, supervision is also
necessary to avoid trigger factors, such as food, pets, woolen clothes, and certain

soaps. Overall, this caused the parents to describe a sense of increased burden
due to the extra time and effort required to care for the child (9,17).

In the study by Daud et a1. (9), most mothers reported that their child's
atopic dermatitis had a detrimental effect on family life. Compared to controls,
the study found that significantly more mothers of children with AD described
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the child as being generally difficult to handle. The mothers in the AD group
reported feeling more distressed, tired, and "fed up." It is not surprising, then,
that when the authors directly investigated maternal psychosocial stress, large
differences were noted in the overall stress levels reported, with significantly
more mothers in the AD group describing themselves as highly stressed. The
mothers, not coincidentally, also reported being less active and involved socially,
with few if any friends, and had difficulty finding babysitters. They reported that
their friends were uncomfortable or frightened by the responsibility of babysitting
for a child with AD. The mothers were also less frequently employed outside
the home. It is apparent from these reports that parental social functioning can
be markedly impaired due to stress and the practical demands of caring for their
child's eczema. These findings were confirmed in the study by Lawson et al.
(17), in which parents described having difficulty leaving the house to enjoy
entertainment or hobbies due to fatigue and the inability to find responsible baby
sitters. Athletic activities, especially swimming, were similarly restricted. The
child was still considered an important and valued member of the family despite
the added stress and strain the disease caused. In fact, when mothers were spe
cifically asked, there was no difference in the child's level of acceptance in the
family, and there was no difference in the level of warmth expressed by mothers
about their child (9).

Given the added stress, fatigue, and lack of social support, it is not surpris
ing that parenting skills can also be adversely affected by having a child with a
burdensome condition such as atopic dermatitis. In the study by Daud et al. (9),
two thirds of mothers indicated that their child's AD had a substantial effect on
their parenting. Their study revealed differences in the quality of parenting be
tween the mothers of children with atopic dermatitis versus controls, although
the overall care provided was evaluated as adequate in most cases from both
groups. The area of parenting in which mothers of children with AD reported
feeling ineffective was discipline. Fewer mothers regarded their disciplining of
the child to be adequate. Though mothers of children with AD were similar to
those in the control group in their use of various (appropriate) techniques to
discipline their child, they more commonly "gave in" in the end. Two factors
may contribute to a parent's capitulation instead of discipline. The first is their
empathy for a sick child-60% of the mothers reported feeling sorry for the
child. Second, mothers likely "give in" to avoid conflict with the child. Conflict
may cause distress, followed by an episode of scratching and a subsequent deteri
oration of their condition. The authors concluded that this might contribute to
increased behavioral difficulties in the children, since "giving in" reduced their
opportunities to learn to cope with the frustration, fears, and separation anxieties
that are common in young children.

The association of having a child with a chronic medical condition such
as atopic dermatitis and reduced parental employment is notable. At least two
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studies (9,16) indicated a negative impact on the employment status of one or
both of the parents. In the first of the two studies (9), the authors did not ascertain
the reason for the discrepancy in rates of employment. Although the children's
medical condition may have prevented the mothers from achieving gainful em
ployment outside the home, the difference may have been due to the higher socio
economic status of the AD group compared to controls. The study by Su et a1.
(14) specifically indicated that mothers of children with moderate or severe AD
were often forced to reduce, cease, or not initiate employment due to their child's
eczema. Furthermore, the job status of some fathers may be negatively impacted
by time taken off work to take the child to medical appointments. Lack of gainful
employment by either parent may increase the financial stress in less economi
cally advantaged homes. If the family's primary caregiver, often the mother, pre
ferred to work outside the home, having a child with AD may deprive her of
that opportunity. There are certainly advantages to having the mother (or father)
stay home with the child full time, especially in terms of maintaining continuity
of care and establishing a strong parent-child bond in the face of chronic illness.
Nonetheless, a satisfying career may help to reduce the stress of having a child
with a significant medical illness by developing in the caregiving parent a sense
of confidence and accompl ishment. This may then translate into a stronger abi Iity
to care for the child's eczema. A parent with outside employment may also de
velop more relationships with other adults, which would expand the realm of her
or his social support system.

The added burden of caring for an atopic child can affect spousal and other
familial relationships. In the study by Lawson and coworkers (17), subjects re
ported that caring for a child with AD often had a detrimental effect on familial
interpersonal relationships. Reasons cited included tiredness from sleep loss and
overprotectiveness by the caregiver, which could lead to feelings of jealousy
in the partner and siblings. Furthermore, sibling rivalry may develop. Although
uncommon, having a child with AD has been reported as a contributing factor
to significant marital problems (16,17). It is reasonable to expect that these issues
may contribute to dysfunctional family relationships, and such families have been
shown to exhibit poor treatment compliance and, therefore, inadequate control
of symptoms (18).

Psychosocial issues associated with AD extend beyond the home. Delayed
academic achievement may result from school missed for hospitalizations or phy
sician consultations, sedation from medications, sleep deprivation, and distrac
tions from physical discomfort. Acceptance by peers and teachers may be affected
by the appearance of the child and concerns about infectivity, especially if the
AD affects exposed skin. As noted above, the atopic child's participation in sports
may be limited. These problems can lead to environmental, social, and emotional
deprivations, which can negatively affect the course of the disease. Children who
have AD may be an even greater challenge for low-income families. Approxi-
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mately 10% of the families in one study (17) felt that the added financial costs
of treating AD adversely affected their family life. In a slightly smaller percentage
of famil ies the financial impact was considered severe.

As mentioned earlier, dysfunctional families frequently have problems fol
lowing treatment regimens, which may contribute to poor control of the AD in
the child. Single females head 50% of families below the poverty level in the
United States. These caregivers have fewer personal, social, and economic re
sources to devote to the care of a child who has a chronic illness. Poverty has
been shown to be associated with ill health and poor access to care. Starfield
(19) describes the poor access to care by low-income families and their noncom
pliance with treatment regimens. Alternative ways of providing care might be of
particular value in this population.

A study by Lapidus et al. (20) in a large urban setting in the United States
found that a large fraction of the cost of care for children with AD in this setting
was for emergency department visits. The majority of patients seen in the emer
gency department for AD were government-insured low-income patients, and
they were also the more severe cases. The authors concluded that low-income
families with atopics are at high risk and need alternative ways to provide treat
ment for their disease. The literature indicates that the emergency department is
an inappropriate setting in which to treat chronic non-life-threatening conditions
(21), including atopic dermatitis. The use of the emergency department for treat
ment of AD is neither desirable nor optimal for the child, hospital, or society.
Given the high prevalence of atopic dermatitis (especially in urban centers), its
associated morbidity, its costs, and the pressing need to cut health care expendi
tures, attention must be focused on improving the organization of treatment for
AD.

III. FINANCIAL IMPACT OF ATOPIC DERMATITIS

u
.E

~
t:3

!
Q>

~
.~

8
MARCEL DEKKER, INC.~

270 Madison Avenue. New York. New York 10016 IU?

The economic aspects of atopic dermatitis have received little attention over the
years. However, since the practice of medicine is becoming increasingly con
strained by financial considerations, some understanding of the economic impact
different diseases have on the system's limited resources is now necessary, partic
ularly for the most common diseases such as AD (16). Analysis of the cost borne
by a conul1unity for a given disease must include not only the direct costs incurred
by health insurance carriers, government, and patients for such items as office
consultations, hospitalization, and prescriptions, but also the indirect costs to pa
tients, their families, and society for lost work or school time and restrictions in
employment opportunities (Table 4). Over the past several years, studies outlining
the financial burden of atopic dermatitis were conducted in the United States
(20), United Kingdom (22), and Australia (16).
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Table 4 Financial Impact of Atopic Dermatitis

Direct costs incurred by health insurance carriers and the government
Hospitalizations
Emergency department visits
Office visits to health care professionals
Prescription medications

Direct costs incurred by patients and their families
Payments or co-payments for the above
Over-the-counter treatments
Appropriate clothing and bed linens and their laundering
Changes to the patient's environment, such as new carpets and air filters
Special diet considerations
Transportation to and from appointments

Indirect costs incurred by patients, their families, and society
Lost work and school due to illness, clinic visits, or hospitalization
Time required to administer treatments
Restrictions in employment opportunities
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A. Financial Impact in the United States

Lapidus and coworkers (20) used national data sets to estimate the expense of
care for children with AD in the United States. The authors totaled the estimated
national costs (in 1990 dollars) for hospitalizations ($49 million), office visits
($107 million), emergency department visits ($87 million), and outpatient pre
scriptions ($121 million) for an annual total cost of pediatric AD care of $364
million. Despite this high figure, it is considered a conservative estimate of the
total direct amount spent annually on atopic dermatitis because it did not include
the amount spent on the following:

1. Adults with atopic dennatitis
2. Hospitalizations at children's hospitals (the study was only able to

gather national data from general, nonfederal, short-tenn hospitals)
3. Ambulatory visits at health maintenance organizations or hospital

based practices
4. Cases in which atopic dennatitis was the secondary diagnosis

This estimation did not include the direct cost incurred by patients or their fami
lies for such items as over-the-counter treatments, appropriate clothing/bedding,
new carpets or air filters, or co-payments for office visits or prescriptions. This
figure also does not include the indirect costs such as lost work or restrictions
in employment options for the patients' caregivers.

The authors also used institution-specific data to examine the service use
and expense of care for children with AD at a large urban U.S. children's hospital.
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These data revealed that 63% of outpatient visits for AD occurred in the emer
gency department setting, 40% of which were graded as mild in severity. It was
also noted that 60% of emergency department visits for atopic dermatitis occurred
during regular clinic hours. In 1990-1991, the projected annual reimbursement
for atopic dermatitis in this hospital alone was approximately $410,000.

The authors suggested one way to reduce the cost of care is through utilizing
home visits by trained medical personnel. These visit~ would serve the following
purposes: demonstrate proper use of medication, deliver vital education to families,
and encourage compliance with follow-up appointments. The home visits would
likely increase compliance with medical instructions and may reduce parental ab
sence from work through better control of the disease. The authors anticipated a
considerable direct cost saving if establishing this continuity of care resulted in
significant reduction in emergency department visits and hospital admissions. An
other solution to reduce the financial burden created by emergency department
management of atopic dermatitis (estimated annual cost of $87 million) is to shift
daytime visits to dermatology practice settings. Using this strategy in the above
mentioned children's hospital, the authors projected a cost savings of 35%. Given
the pressing need to cut health care expenditures, attention must be focused on
improving the organization of treatment of common chronic diseases such as AD.
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B. Financial Impact in the United Kingdom

A study by Herd et al. (22) in Scotland estimated that the total annual expenditure
for atopic dermatitis in the United Kingdom was £465 million. This included a
total annual personal cost to patients of £297 million, a cost to the national health
service of £125 million, and a cost to society of £43 million due to lost working
days. To anive at these figures the authors extrapolated the results from a detailed
study of 155 patients with AD from a semi-rural community of approximately
10,000 people. The authors noted that these figures likely underestimate the actual
expenditure for the following reasons:

1. The prevalence of AD in Scotland is less than in the rest of the United
Kingdom.

2. The general practitioners in the study group were low prescribers.
3. None of the patients in the study population required hospital treatment

during the study.
4. Travel costs were minimized since all patients lived within walking

distance of the health center.
5. The time spent by parents caring for their child's AD, with its conse

quent cost to society, was not included.

Based on this study, the annual per capita cost of treating atopic dermatitis in
the United Kingdom was calculated at £7.38. In comparing this figure to other
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common diseases, Herd and coworkers noted that the amount spent on AD was
significantly more than the annual per capita amount spent on benign prostatic
hypertrophy, was similar to that of venous ulceration, and was approximately
half the amount spent on strokes. This is surprising since venous ulceration is
considered to be an expensive disease to treat, and the treatment of strokes usually
requires prolonged hospitalization. While there are certain limitations to this type
of study, which extrapolates to the entire U.K. population the data derived from
a community of approximately 10,000 people, it does give some estimation of
the startling amount spent on the treatment of this disease.

It is important to note that when the cost to society for lost working days
was excluded, a full 70% of the total estimated expenditure of £422 million is
borne by the patients and their families. The single most costly element of treating
AD in the study group was prescription medication. Interestingly, the next most
costly item was new clothing/bedding and extra laundry expenses that were nec
essary because of the patient's skin condition. Each patient in the study group
also spent an average of £31 annually for over-the-counter preparations. In total,
the average amount spent by patients and their families in the study group was
£153 per year. Remembering that none of these patients had disease severe
enough to require hospital treatment, it is clear that AD can exact a substantial
financial toll on patients and their families.

c. Financial Impact in Australia

In the study by Su and coworkers in Australia (16), the authors also examined the
cost of managing AD that was borne by the family. The annual personal financial
cost of managing mild, moderate, and severe AD was Aus$330, 818, and 1,255,
respectively, which included medication, dressings, diet, and other management
strategies. Predictably, the largest direct costs were for medications and dressings.
The authors compared these figures to similar expenditures by families of children
with asthma and found that treating AD was substantially more expensive. Even
for a child with asthma requiring hospitalization in the past year, the annual costs
to the family were similar to those associated with moderate or severe AD. They
also demonstrated that the direct financial cost to the family of a child with AD
was similar to those reported for children with diabetes. This helps support the
conclusion that AD is a significant financial burden for patients, families, and health
care systems worldwide.

IV. SUMMARY

Atopic dermatitis is a common and important skin condition that most often arises
in infants and children and can persist into adulthood. It can have a tremendous
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impact on quality of life by affecting psychosocial adjustment in children, creat
ing embarrassment, disrupting sporting activities in older children, and interfering
with employment opportunities in adults. Having a child with AD can have a
substantial impact on family function. Parents describe feelings of guilt, exhaus
tion, frustration, and helplessness. Atopic dermatitis disrupts sleep not only in
patients but also in parents and family members. Having a child with AD can
affect the social functioning of the parents and can cause parents to miss work
or avoid outside employment altogether. Parenting skills can also be affected, as
can spousal and other familial relationships. All of these challenges become even
greater in low-income families, who often have minimal social support mecha
nisms.

The costs are high for the treatment of AD, not only for health insurance
carriers and the government, but also for patients and society. The allocation of
limited resources to manage AD, one of the most common diseases, requires an
analysis of the therapeutic cost-effectiveness of each treatment modality. Such
an analysis ensures that evidence-based decisions can be made when considering
the various treatment options available. An evidence-based approach may also
be used to examine the means with which care is delivered and to develop and
test innovative methods of organizing treatment. A resourceful attitude would be
particularly helpful for examining novel ways to manage chronic diseases such
as AD in low-income families.

The importance of effective treatment and control of AD to patients, their
families, and society is clear. There is a profound need for enhanced and ex
panded efficacy and cost research, followed by wise and thoughtful changes in
public policy, to minimize its future socioeconomic toll.
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Genetics of Atopic Dermatitis

Kate Elliott and Susan Forrest
Murdoch Childrens Research Institute, Melbourne, Australia

I. INTRODUCTION

Atopic dermatitis is a member of a growing class of diseases referred to as com
mon complex diseases. This reflects the frequency of the disease in the general
population and the number of genes likely to cause disease. Early genetic studies
focused on single gene disorders in which only one genetic locus was found to
be responsible for a particular disease phenotype, even though the mutation in
each family could differ. The complexity with atopic dermatitis arises because
genetic factors and the environment interact to detennine disease susceptibility.
Therefore, the challenging task exists to actually identify these various factors
and understand how they interact.

The importance of accurate phenotype definition for the study of complex
traits cannot be emphasized strongly enough. It is crucial for the replication of
others findings or indeed to facilitate pooling of results into a meta-analysis. It
is essential that comparable criteria are used by different research groups. Ideally,
one clinician should be responsible for coding all phenotypes, but often this is
not possible.

Asthma and atopy in general have been the focus of many genetic studies
using total serum IgE as a phenotypic marker. The benefits of studying atopic
dennatitis in particular to find atopy loci seem to have been overlooked by a
number of researchers in this field. The diagnosis is consistent between clinicians,
and well-established scoring systems such as the SCORAD are used to ascertain
the severity of disease (l). This is certainly not the case with asthma and atopy
in general, thus atopic dermatitis is a better defined clinical phenotype. In our
genetic study of atopic dennatitis, we purposely chose an early-onset severely
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affected cohort (2). With this tight phenotypic group we maximized the chance
that the same set of genes were involved.

II. EVIDENCE FOR GENETIC INFLUENCES
ON ATOPIC DERMATITIS

In order to ascertain what proportion of the dermatitis phenotype is attributable
to a genetic component, traditional genetic studies are undertaken. The two most
common are family studies and twin studies.

A. Family Studies: Increased Risk
to First-Degree Relatives

The early studies to determine whether or not atopy has a genetic component
involved ascertaining the prevalence of allergic disease in first-degree relatives
of atopic individuals (3). Not surprisingly, the prevalence was higher in relatives
of affected individuals than in relatives of unaffected individuals (Fig. 1). A pro
spective study of several hundred newborns over a 5-year period gave more con
vincing evidence that atopic dermatitis and other forms of atopy were passed
from parent to child (4). Fifty-one percent of children with a family history of
atopy compared to 19% of children with no family history of atopy developed
symptoms of allergic disease within the first 5 years of life. In particular, Dold
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Figure 1 Family history and risk of allergy. (Adapted from Ref. 129.)
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et a1. (5) found that children of parents with atopic dermatitis are more likely to
develop atopic dermatitis than children of asthmatic parents or those with allergic
rhinitis. This could be interpreted as the genetic component manifesting itself in
a tissue-specific manner, suggesting that genes specific for atopic dermatitis might
exist.

B. Twin Studies

Twin studies provide additional evidence for a genetic contribution. In such stud
ies, the frequency of the trait of interest is assessed in pairs of monozygous (MZ)
and dizygous (DZ) twins. The difference in concordance rates between MZ and
DZ twins gives an indication of the heritability of the disorder. Initially, measure
ments of quantitative traits such as skin prick test results and total serum IgE
levels have indicated a twofold higher correlation between MZ twins when com
pared to DZ twins (6) (Fig. 2). In a genetic epidemiological study in a population
based twin sample, Schultz-Larsen (7) showed that the concordance rate for MZ
twins was 0.72 and for dizygotic twins 0.23. This study therefore showed that
genetic factors have a far greater influence on the atopic dermatitis phenotype
than was previously believed.

Multigeneration family studies as well as twin studies have indicated that
there is a strong genetic component to atopic dermatitis. No clear mode of inheri
tance can be identified, indicating that it is a complex trait, with multiple gene
interactions and environmental influences. From studying population frequencies
and sibling recurrence risks for atopy, it has been hypothesized that at least two

Figure 2 Concordance for atopic disease in twins. (Adapted from Ref. 129.)
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disease susceptibility genes exist that segregate independently and interact with
each other (8).

III. GENETIC STUDIES

Once convincing arguments were put forward in the literature for a strong genetic
component, researchers in the field of atopic dermatitis embarked on the challeng
ing task of gene identification. This task has been greatly slowed by the genetic
complexity of atopic dermatitis, asthma, and atopy in general.

A. Candidate Genes Versus Whole Genome Scan

In order to find these genes, two major approaches can be utilized. One method
for the localization of the candidate region is a genome-wide scan whereby ge
netic markers spaced at intervals between 5 and 10 cM across the genome are
analyzed. A whole genome scan does not presuppose the involvement of any
particular locus. An alternative approach is candidate gene analysis. Depending
on the knowledge of the underlying biology of the trait, it is sometimes possible
to predict genes that might be involved in particular diseases. The gene that en
codes mast cell chymase, for example, is a logical candidate as this protein is
part of the pathway for developing atopic dermatitis.

Two types of genetic markers can be used in linkage and association analy
ses. Microsatellites are simple repeat sequences, most often dinucleotide or tetra
nucleotide repeats, which occur randomly throughout the genome and have on
average 5-10 different alleles at each locus. Single nucleotide polymorphisms,
on the other hand, are biallelic and therefore less informative as fewer individuals
are heterozygous for the marker. However, they are found more often in the
genome both within and near genes and are more likely to have functional conse
quences.

B. Linkage Analysis
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The aim of genetic linkage studies is to determine the position of the predisposing
gene(s) for the phenotype under study relative to marker loci that have known
chromosomal localizations. The localization step relies on the principle oflinkage
where two genetic markers that cosegregate when transmitted in pedigrees are
said to be linked. When the gene has been roughly positioned, fine mapping
studies using a denser array of polymorphic markers and positional cloning fol
lowed by detailed sequence analysis identify the predisposing gene.

Genetic markers that are polymorphic between individuals are used for
linkage analysis. Linkage is determined by the recombination fraction theta (8)
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between two markers in the genome, which in tum is determined by the distance
between the two markers (9). The recombination fraction is 8 = 0.5 for loci that
assort independently or are located on different chromosomes, and ranges from
o to 0.5 for linked loci.

The probability of genetic linkage is determined by the maximum likeli
hood method or the LOD score. The LOD score is the ratio between the probabil
ity of linkage at a certain 8 and the probability of no linkage (8 = 0.5) (9). The
LOD score is calculated with different values of 8 to determine the distance
between the marker and the trait under study where the LOD score is maximal.
For single gene disorders, a LOD score of 3 is required to establish linkage with
statistical significance and a value of - 2 is regarded to be statistically significant
for exclusion (9). The value of 3 for linkage is only valid for the study of single
gene disorders and should be adjusted for more complex disorders in which multi
ple genes are involved (10).

Different sample-collection strategies, such as extended pedigrees and af
fected sib pairs, have been used in genome-wide scans. Extended pedigrees will
have the most power to detect linkage as they contain a large number of meiotic
events that assist with gene localization. When large pedigrees are unavailable,
identification of simple kinships of sibpairs, preferably with parents and/or triads
(the affected individual plus parents), are preferred to just collecting unrelated
affected individuals, as the latter only allows for association and linkage disequi
librium studies (11).
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D. Association Analysis

Association studies compare allele frequencies of polymorphic variants in candi
date genes between a case group of unrelated affected people and a control group
of unrelated unaffected people. No mode of inheritance needs to be specified.
Alleles are said to be associated if they are present at a higher frequency in the

c. Specifying a Model or Model-Free Analysis

Linkage analysis can be accomplished with the aid of a variety of programs that
perform the statistical calculations, such as Genehunter (12). Two different meth
ods are utilized to calculate linkage, parametric and nonparametric, and both
essentially rely on testing for a deviation in the frequency of alleles or haplotypes
that segregate with the disease. Parametric methods are based on specifying a
model for the disease inheritance. The parameters to be chosen include disease
gene frequency, mode of inheritance, and penetrance. However, with complex
traits it is often the case that these are estimates at best and are very sensitive
to rnisspecification of the genetic model. Thus, most researchers use model-free,
nonparametric methods and analyze multiple marker results at once.
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case group, and the significance of the finding is measured using the chi-square
test. It is important to note that in different populations, different alleles at the
locus might be associated with disease. If positive associations are detected be
tween an allele and the disease of interest, they are said to be in linkage disequilib
rium.

However, association results can be positive for a number of different rea
sons, apart from linkage disequilibrium. which may help explain the number of
inconsistent results when comparing findings between laboratories. The allele
under study could actually be the causal factor such that having that allele predis
poses the individual to developing the disease. Second, the apparent association
may be due to population stratification/admixture where the disease and the asso
ciated allele happen, by virtue of population ancestry, to be more frequent in a
subset. Unidentified population stratification can result in differences in allele
frequency between unrelated affecteds, unrelated controls, or both. The choice
of control group is therefore vital to ensure that results of association studies are
meaningful, and Terwilliger and Goring advise selection of appropriate con
trols (11).

E. Transmission Disequilibrium Tests

Methods have been developed to overcome the problems of false-positive associ
ation results. The transmission disequilibrium test confirms whether a marker
allele is associated with a disease (13). Samples are collected from both the par
ents as well as the affected offspring. This then means that simple triads (mother,
father and affected child) can be used as a genetic resource rather than having
to find affected sib pairs, which is a far more arduous task. Parents are tested for
heterozygosity at the associated allele. The test determines whether the "associ
ated" allele is transmitted to the affected offspring more than expected by chance
(50%). If multiple affected sibs happen to be available, corrections can be invoked
to allow inclusion of this extra data in the analysis (14).

F. Recommendations
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The recent completion of the first draft of the human genome has meant that
many more microsatellite genetic markers as well as SNPs are now available all
over the genome. The preferred approach for complex traits with our current
knowledge base is linkage disequilibrium studies. Functional polymorphisms in
coding regions (see NCBI's dbSNP database at http://www.ncbi.nlm.nih.gov/
SNPI) are the variants of first choice to search for linkage disequilibrium (LD)
between marker and disease. It needs to be noted that there is not an exact inverse
linear relationship between strength of LD and distance from the causative allele.
LD varies over chromosomal regions (15), thus posing additional challenges to
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the development of efficient mapping strategies to identify predisposing genes
for complex traits.

Terwilliger and Goring (11) in a recent article recommend three approaches
for collecting the sample set that maximizes the number of informative meioses:

1. Selecting idiosyncratic forms of the disease that may reflect a particular
defect in one gene, thereby reducing the locus or allelic heterogeneity

2. Selecting a very small homogenous population, which increases the
possibility that many of the disease risk factors are either absent or
fixed in the population, thus reducing the locus heterogeneity

3. Finding large pedigrees with the disease phenotype present in many
individuals and generations, presumably enriching for genetic compo
nents

IV. SUMMARY OF THE ATOPY PATHWAY

The atopic pathway has been studied extensively, and many of the molecules
involved in allergic responses have been identified. This makes the task of the
geneticist easier since it gives an array of candidate genes to choose from either
when searching for genes beneath a linked region or when looking for variants
within molecules that might be associated with atopic diseases. Figure 3 is a

Figure 3 IgE hyperproduction and effector mechanisms in atopy. See Sec. IV for a
description of the atopic pathway. (Adapted from Ref. 129.)
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Figure 4 A representation of the current linkages and associations reported with atopy,
asthma, and eczema. A = Atopy; S = asthma; I = IgE levels; E = eczema or atopic
dermatitis (shown in bold). Positive reports are shown on the right of the chromosomes,
negative reports are shown on the left. The corresponding references are superscripted.
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schematic diagram of the atopy pathway. Antigens enter via the skin (eczema)
or lungs (asthma) and are taken up by antigen-presenting cells, processed, and
presented to T cells via the MHC molecules encoded by the MHC genes on
chromosome 6p21. The T-cell receptor is encoded by the 0: subunit gene on
chromosome 14qll and the ~ subunit gene on chromosome 7q35.

The TH2 cells signal to the B cells via a cocktail of cytokines to upregulate
the production of 19E (IL4, IL5, 1L13-chromosome 5q3l) or suppress the pro
duction of 19E (INFy-chromosome l2q 14). The 19E then binds to the FCE recep
tors (FCER1 encoded on chromosome llq13) on mast cells, thus sensitizing them.
When an allergen then reaches the sensitized mast cell it cross-links with the
surface bound 19E and triggers a reaction that leads to the release of histamine
and proteases such as mast cell chymase encoded on chromosome l4q 11. Theo
retically mutations that upregulate, downregulate, or alter the function of the
genes encoding these molecules could have an effect on the susceptibility of an
individual to atopy. A number of these genes have already been studied with
respect to atopic susceptibility, and the results in many cases have been contradic
tory, underlining the complexity of atopy genetics.

V. ATOPY GENES AND LOCI

A. Chromosome 1
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Chromosome 1 has been linked to susceptibility to atopy by Ober et aI. in a
genome wide screen of Hutterites (25). Using a second-generation genome screen
they reconfirmed this linkage at Dl S239 (22), but this region has not been re
ported as an atopy susceptibility locus in any other studies.

Since the very first reports of linkage of atopy to HLA in the mid-1970s (16
18) atopic dermatitis, asthma, and elevated serum 19E have been linked to almost
every chromosome. An illustration of this complexity can be seen by looking at
the results of genome scans of cohorts of patients with atopy and asthma pheno
types (19-24). These scans reveal multiple peaks, only a few of which are dupli
cated between different studies. There are relatively few studies of the genetics
of atopic eczema specifically. Therefore, we will also be describing loci that have
been linked and associated with asthma and atopy in general, since it is predict
able that a large proportion of asthma and general atopy genes will also play
a role in eczema susceptibility. Figure 4 illustrates the reported linkages and
associations of atopy, asthma, and atopic dermatitis with different chromosomal
locations and is intended to give a pictorial summary of the current knowledge
of atopy genetics.
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B. Chromosome 2

Four genome scans have linked chromosome 2 to atopic phenotypes; two studies
linked chromosome 2q33 in Hispanics (21) and a German and Swedish cohort
(24) and two generations of genome scans of Hutterites linked 2q22 and 2q31
(22,25). Within the 2q22-33 region the CD28 and CTLA-4 genes are both good
candidates for asthma and atopy since their encoded proteins have been shown
to be involved as an important costimulatory signal in the regulation of allergic
inflammation and T H2 cytokine production. However, no association was found
between polymorphisms in these genes and asthma or atopy phenotypes (26).

C. Chromosome 3

Interestingly, until 2000 no region on chromosome 3 had been convincingly im-'
plicated in atopy. Lee et a1. ascertained 199 families, each with at least two af
fected offspring with moderate to severe eczema with the age of onset under 2
years (27). They performed a genome-wide linkage study that revealed highlyl
significant evidence for linkage on chromosome 3q21. Two type I membrane
proteins, CD80 and CD86, are located within this region. These two proteinsl

interact with CD28, which has been implicated in T-cell activation.

D. Chromosome 4

Chromosome 4q35 has been linked to asthma in two genome scans in Australians
(20) and Japanese (28), but no other linkages have been reported. However, an
association has been observed between a variant of the endothelin-l receptor type
A (EDNRA) gene at 4q35 and atopic asthma (29). Endothelin-l is a 21-amino
acid peptide that has various roles in the pathophysiology of asthma, and therefore
genes encoding endothelin-l and its receptors are candidates for atopy genes.

E. Chromosome 5 (Interleukin Cluster)

IL4 plays an important role in IgE synthesis by activating the pre-T-helper cells
that trigger isotype switching from IgM/IgG to IgE in B cells by promoting TH2
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The genetic location that has attracted the greatest interest after the major histo
compatibility complex (MHC) with respect to disposition to allergic diseases is
5q23-31. Chromosome 5 has been repeatedly associated with or Iinked to asthma,
atopy, and atopic eczema in a large number of studies (2,21,30-36). Most re
ports have linked 5q23-31, and within this region is a cluster of cytokine genes
(37-39). However, there have also been some reports refuting these findings
(40-43).

1. Interleukin 4 (IL4)
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cell development (44). This has led to its emergence as the most studied gene
in terms of its linkage or association with atopic disease. To date, three polymor
phisms have been identified in the ItA gene: - 590C/T in the promoter (45),
- 34C/T in the 5' untranslated region (46), and a dinucleotide repeat, IL4-R I, in
intron 2 (47).

In 1994, in a study of ItA and the surrounding region, linkage was found
between IL4 (IL4-RI) and elevated serum IgE (30). The majority of studies since
then have focused on association of the single nucleotide polymorphisms with
atopic disease. In 1996 the group of Cookson found weak association of the
-590C/T allele with asthma and atopy in Australians (48). Further study of the
- 590C/T polymorphism together with the IL4-RI dinucleotide repeat suggested
that these polymorphisms were linked to serum IgE levels, but no evidence could
be found to suggest that the - 590C/T polymorphism contributed to disease (36).
Two studies in the Japanese population have linked tills polymorphism to asthma
(49,50), and reporter gene transfection studies have suggested that the -590T
allele is associated with increased promoter activity (51). The recently discovered
- 34C/T polymorprnsm (46) was also tested together with the - 590C/T poly
morphism for association with atopic eczema. Even though there was no evidence
for association, when separated into haplotypes, the - 590C/ - 34C haplotype was
weakly associated, suggesting that it was either mildly causative or in linkage
disequilibrium with a causative allele (130).

2. Interleukin 13 (IL13)

ILI3 shares several biological profiles with IL4 (52,53), including IgE produc
tion, MHC class II expression and binding to receptors containing the IL4RI
subunit (54). The IL13 gene is tandemly positioned very close to the IlA gene
and comprises many similarities in terms of its structure and functional sequence
elements (55). Seven polymorph isms have been identified within the IL13 gene.
One of these, GIn11 OArg has been associated with atopic dermatitis in a German
cohort (56), elevated serum IgE in three Caucasian populations (57), and asthma,
but not serum IgE, in British and Japanese populations (58).

3. CD14 Antigen
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CD14 is found on the surface of monocytes and macrophages and may playa
role in regulating IgE. The -159C/T promoter polymorphism has been associ
ated with serum CD14 levels and elevated IgE (59,60). A genome scan of Hutter
ites also found association of this promoter polymorprnsm with asthma, but only
when it was preferentially transmitted with the I85-base-pair allele of the adja
cent D5S642 marker, suggesting that these alleles are in linkage disequilibrium
with a nearby susceptibility locus (22).
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4. Interleukin 12B (IL12B)
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ILl2 is a key cytokine in the induction of T HI-type immune responses, and a
reduced capacity to produce this cytokine could lead to aberrant TH2-type re
sponses in atopic patients (61). It is comprised of p35 (!L12A) and p40 (!L12B)
subunits located on chromosomes 3 and 5q31-33 (62). Studies have detected
linkage to bronchial hyperresponsiveness in a Danish population (32) and weak
linkage to asthma in the Hutterites (25). A recent genome scan of mite-sensitive
asthmatic Japanese detected significant linkage at 5q31. Fine mapping of this
region localized the linkage peak to markers close to the IL12B gene (28).

F. Chromosome 6-Major Histocompatibility Complex

In the mid-1970s, the first reports of genetic susceptibility to asthma and atopy
were reported as linkages with particular HLA haplotypes (16-18). The first seri
ous studies of the segregation of atopy within multigeneration families began in
the early 1980s and this coincided with a flood of interest in the products of
the major histocompatibility complex. The MHC class II genes became the first
"candidate" genes to be analyzed for association with atopy and have been re
peatedly implicated since then. Dozens of studies investigated the role of MHC
genes in predisposition to atopy with respect multiple atopic phenotypes and
multiple-defined allergens. One study analyzing 100 individuals with a positive
or negative family history of atopy associated the HLA-DR4 and DR7 alleles
with susceptibility for atopic disease (63). A number of genome scans have also
linked MHC to asthma (20,21,24).

G. Chromosome 7

Two genome scans have detected linkage to asthma on chromosome 7 at 7p 15
21 in Australians (20) and 7pl5 in Swedish and Germans (24), but there are no
known candidate genes in this region. However, a study of Japanese asthmatics
reported linkage to markers flanking the T-cell receptor ~ gene at 7q33 (64).

Two linkages have been reported on chromosome 8, to asthma at 8q13 (22), and
to mite-specific IgE responses at chromosome 8p23-21 (65). Although there are
no obvious candidates on chromosome 8, it is interesting to note that 8p23-21
shares synteny with the major atopic dermatitis locus in the NOA mouse
model (66).

H. Chromosome 8
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I. Chromosome 9

Three genome scans have detected linkage to chromosome 9: two to 9q22 in
Hutterite (22) and German and Swedish asthmatics (24) and one to two separate
chromosome 9 peaks in the first-generation screen of asthmatic Hutterites (25).
Again there is a lack of candidate genes on chromosome 9.

J. Chromosome 11

Like chromosome 5q, follow-up studies of the initial reports of linkage to chro
mosome 11 have either confirmed or failed to confirm the initial findings. In 1989
the laboratory of Cookson were the first to report linkage to 11 q to IgE levels
with the observation of maternal transmission (67). Studies by many others failed
to replicate these findings (68-72), and since this early phase of studies the field
has been split as to whether or not real linkage exists between 11q and atopy.

In 1993 the high-affinity IgE receptor (Fc£R1) was then mapped to 11 q13
(73). This is obviously a strong candidate gene for atopy since it encodes the
receptor for IgE on mast cells. Two Japanese groups then reported linkages to
D llS97 adjacent to Fc£RI and to a dinucleotide repeat within intron 5 of the
gene (74,75). To add further controversy, 11q13 was reported as being linked to
bronchial hyperresponsiveness in the absence of atopy (76). Several polymor
phisms have now been identified in the Fc£RI gene, including the Leu181TIe (77)
and Gly237Glu (78) coding variants and the 1109C/T promoter polymorphism.
Again Cookson and his collaborators plus others (79-81) have published reports
of positive associations of these polymorphisms with atopic markers, but many
investigators have failed to replicate these findings (2,82-85). The issue of true
linkage of the Fc£RI gene to atopic disease remains contentious and factors such
as population differences (74) and phenotypic heterogeneity (76) will undoubt
edly make a significant contribution to these discrepancies.

K. Chromosome 12
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The initial demonstrations of genetic linkage of asthma and atopy to chromosome
12 (86,87) have been confirmed by several genome-wide screens (21,24,25,65).
The region showing the most convincing and reproducible linkage is 12q22-24,
which has been linked to asthma in Caucasians and Hispanics (21) and Japanese
(28). Four other studies have concentrated on fine mapping the 12q region against
(a) total serum IgE and asthma in Afro-Carribean and Caucasian populations
(87), (b) asthma and total serum IgE in Germans (88), (c) asthma in a U.K. cohort
(89), and (d) asthma and atopy in subjects from Barbados (90). All of these
studies detected linkage in a region spanning approximately 30 centimorgans
from l2q13-24.
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This region contains a number of strong candidate genes, including inter
feron-gamma (IFNy), which inhibits IL4-induced class switching to IgE produc
tion in B lymphocytes (91). The exons and 5'-flanking region were screened for
polymorphisms, but no variants could be found to test association of the IFNy
gene with asthma (92). Also present in this region is the gene encoding neuronal
nitric oxide synthase (NOSl), which is known to have a role in bronchomotor
control in animals. Although this gene is clearly not a candidate for atopic ec
zema, polymorphisms have been associated with asthma (93-95). Signal trans
ducer and activator of transcription 6 (STAT6), which is essential for IL4 signal
ing and TH2 development (96,97), and the ~ subunit of nuclear transcription factor
Y (NFYB), which binds to the promoter of HLA genes, are also good candidates
found in this interval. However, to date no genetic studies have been undertaken
to test the association with atopic disease.

L. Chromosome 13

The majority of genome scans for asthma loci have detected linkage to chromo
some 13 (20-22,25,28). However linkage has only reproducibly been detected
at 13q14 (20,25). Interestingly, this region was also detected in a genome scan
for loci influencing IgA levels (19). A linkage and association study of atopic
asthma to markers on chromosome 13 in the Japanese population confinned link
age to 13q14 and additionally found association of asthma with the D13S153
marker (98). However, when this marker was tested for linkage to atopic eczema
in Australians, a highly negative linkage score was obtained, indicating that this
region could be excluded as an eczema locus (K. Elliott et al., unpublished). This
suggests that 13q14 may harbor an asthma-specific gene, but there are no obvious
candidates.

M. Chromosome 14
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1. Mast Cell Chymase

Mast cell chymase (MCC) is a chymotrypsin-like serine protease secreted by skin
mast cells and has proinflammatory properties (99). The MCC gene is located
within the Cathepsin/granzyme gene cluster (100). In 1996 Mao et al. identified
a BstXI polymorphism in the MCC gene and found association with eczema, but
not with asthma or hayfever in the Japanese population (101). However, two other

Only two genome screens (21,22) have detected linkage of asthma with chromo
some 14 at different locations, making it an unconvincing candidate for atopy
loci. However, this has not deterred other researchers from conducting linkage
and association studies on candidate genes harbored within chromosome 14.
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studies have failed to find association of atopic eczema and MCC in Japanese
and Caucasian populations (2,102). In a second study by Mao et aI., the same
polymorphism was found to be associated with eczematous Japanese children
with lower IgE levels (03). This suggests that MCC may play an important role
in inflammatory skin disease, but not atopy.

2. T-Cell Receptor Alpha (TCRA)

The T-cell receptor recognizes antigenic peptide fragments presented by MHC,
which initiates T-cell activation and cytokine release with subsequent recruitment
of inflammatory cells. The ex subunit of the T-cell receptor is encoded by the
TCRA gene located on 14q23 (04). Linkage to specific IgE reactions was de
tected to a microsatellite marker within the TCRA gene in U.K. and Australian
families (05). This result was supported by linkage of total serum IgE levels to
markers within and flanking the TCRA gene, and one of the flanking markers
showed evidence of association (06).

N. Chromosome 16

Two genome scans have linked asthma to chromosome 17 in African Americans
and Hutterites (21,25). Located on chromosome 17 is the gene encoding

Linkage to chromosome 16 has been detected in three genome scans for atopy
and asthma loci. 16q23 was detected in two scans for serum IgE in an Australian
population (20) and asthma in a second-generation screen of Hutterites (22), but
there are no candidate genes in this region. The first screen of Hutterites by Ober
et al. found linkage to a different locus at 16p 12, which is where the interleukin
4 receptor alpha (IL4RA) gene is located (107).

IL4RA constitutes a subunit of the respective receptors for IL4 and IL13,
the TH2 cytokines whose function overlaps and include mediating isotype switch
ing to IgE 008,109). Thirteen polymorphisms have been identified in the coding
region of the IL4RA gene, 7 of which result in amino acid substitutions (110
112). Associations between atopic phenotypes and IL4RA polymorphisms, ile50
and arg551, were reported in two case-control studies 010,113). After a linkage
study (112), Kruse et al. (Ill) reported significant associations between the
pro478 and arg551 alleles and low IgE levels and further demonstrated that these
two variants act synergistically to influence signal-transduction pathways via the
lL4RA gene. Additional evidence of association of the arg551 allele with asthma
severity supports this (114-116). However, two studies have failed to replicate
the finding of association of IL4RA polymorphisms with atopic eczema in Cauca
sians (2) and atopy and asthma in Japanese (117,118).

O. Chromosome 17 (RANTES) oj
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RANTES or small inducible cytokine A5 (SCYA5). This is one of a family of
C-C chemokines, which play a crucial role in the pathogenesis of allergic in
flammation (119-121). Given the linkage and potential role for the RANTES
gene in atopy, Nickel et al. (122) screened the promoter for polymorphisms. A
single polymorphism was identified at base pair -401 and results in a new con
sensus binding site for the GATA transcription factor family. In vitro transfection
studies demonstrated that the difference conferred an eightfold increase in pro
moter activity. Association studies indicated that this polymorphism contributed
to the development of atopic dermatitis but not asthma in African and Caucasian
study populations (122).

P. Chromosome 19

Linkage to chromosome 19 has been detected by three genome scans to asthma
traits in Hutterites (22,25) and Caucasians (21), all at the same interval, 19p13,
where there are no obvious candidate genes. Further along the chromosome is
the gene encoding the low-affinity IgE receptor (FcrRI!), but a study of this gene
and lOcM of the surrounding chromosome in Finnish and Catalonian families
suggested that it was only weakly associated with atopic disease (123).

Q. Chromosome 21

Two genome scans have detected linkage to atopy phenotypes at chromosome
2lq21-22 in Hutterites and Hispanics (21,25). However, there are no association
studies of candidate genes in this region.

VI. GENETICS OF ANIMAL MODELS

A. Inbred Mouse Strains

1. NOA Mouse
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The NOA mouse model is a strain that develops spontaneous ulcerative skin
lesions similar to atopic dermatitis, associated with an accumulation of mast cells
and significantly increased serum IgE (124). Natori et al. carried out an experi
ment to map the genes responsible for the eczema by backcrossing the mice to
five different wild-type strains (125). They carried out a genome-wide scan of
the offspring and scored for the eczema phenotype. Their results indicated the
presence of a single major atopic dermatitis locus on chromosome 14 in a region
that shares synteny with human chromosomes 8p32-23 and l3q14.3-22 (Fig. 5).
There has been only one report of linkage to human 8p32-23 and mite-specific
IgE responses (65), and reports of linkage of atopic phenotypes to 13q 14.3-22
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Figure 5 Map of human synteny on mouse chromosome 14, showing the approximate
boundaries of the syntenies. Aligned with the left-hand side of the picture is a curve of
the chi-squared values along this region of mouse chromosome 14 showing the linkage
to atopic dermatitis in the NOA mouse.

have been contradictory (98). There are no obvious atopy genes identified in the
chromosome 13 interval, but interestingly it does harbor the hairless gene. Al
though Natori et al. found no molecular differences in the hr gene, it is still
difficult to reconcile the coincidence that the major atopy locus lies within the
vicinity of the hairless gene when this strain has a pronounced hairless pheno
type.

In a further study the same group tried isolating genes responsible for the
atopic dermatitis in NOA mice by looking at the differential expression of genes
in the spleens of NOA mice compared with controls. The platelet factor 4 (PF4)
gene was identified as being significantly more highly expressed in NOA mice
compared to controls (125). PF4 encodes a heparin-binding protein and belongs
to the CXC motif chemokine molecules. However, the gene does not map to the
chromosome 14 peak identified in their genome scan and the human gene is lo
cated on chromosome 4q25, a region that has not been reported as linked to any
atopic disorders.

2. Other Studies

To study the genetics of atopy, Daser et al. developed a mouse model that pro
vides the general phenotype of atopy-the early response characteristic of IgE
dependent eczema and the diagnostic test of atopy, the skin-prick test. Using a
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skin-prick test against birch pollen extract they could classify A/J and C57BL/
6 (B6) inbred mouse strains, respectively, as high and low responders. The Fl
hybrids were found to be high responders with incomplete penetrance. Backcross
ing Fl mice to the low-responder B6 strain yielded three classes of responders:
high, intermediate, and low. A genome-wide scan of the backcross progeny dis
closed suggestive linkage to chromosome 6 close to the locus of the IL-5 receptor
a chain. The human IL5 receptor gene is located on chromosome 3p24, and this
region has not been previously linked to atopic disorders.

The Biozzi Bn mouse shows features of asthma when sensitized and sub
sequently challenged with ovalbumin. Zhang et at. set out to map the genes influ
encing the asthma phenotype by backcrossing the mice to BALBc mice and car
rying out a genome-wide scan (126). Five loci were identified that were linked
to the asthma phenotype. Four of these had previously been identified as linked at
asthma in syntenic human regions: chromosome 9 (syntenic with human llq23
ILlOR), chromosome 10 (syntenic with human l2q22-24-lFNy), chromosome
11 (syntenic with human 5q3l-IL4 cluster), and chromosome 17 (syntenic with
human 6p2l-MHC and TNF).

B. Transgenic Mice

1. CNS1, a Coordinate Regulator of IL4, IL5,
and IL13 Expression

The group of Loots et at. have identified a long-range regulatory element coordi
nately controlling the expression of the IL4, IL5, and ILl3 genes (127). Using
computational methods, one megabase of orthologous human and mouse se
quences covering the region of the LL4, LL5, and LL13 genes was searched for
conserved elements and a total of 90 extragenic conserved sequences were identi
fied. Fifteen of these were found to be conserved across other mammals including
cows, pigs, dogs, and cats. The largest of these extragenic regions, termed CNS 1
(conserved noncoding sequence) is 401 base pairs lying between the IL4 and
ILl3 genes (Fig. 6).

Loots et al. chose this element for functional study using transgenic mice
bearing a 450kb YAC encompassing CNS1 and 9 genes including IL4, IL5, and
ILl3. A comparison was made of TH2 cells in mice with the same human
u'ansgene insenions, with or without CNS 1. They found a decrease in human
IL4 and IL13 production due to a decrease in TH2 cells expressing these cytokines
and an overall decrease in human IL5 production in mice bearing transgenes
with the CNS 1 element removed. Besides providing important insights into the
mechanism of control of the IL4 cluster, this finding clearly demonstrates the
importance of the elements as a potential source of variation predisposing to
complex diseases.

MARCEL DEKKER, INC.~
270 Madison Avenue. New York. New York 10016 IU?
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Figure 6 The relationship between eNS 1 and the TlA, TL5, and TL13 genes on chromo
some 5q31.

2. IL4 Transgenic Mice

By fusing the IL4 gene to a immunoglobulin enhancer/promoter construct, Tep
per et al. demonstrated that deregulation of the IL4 gene in vivo can induce a
complex inflammatory reaction resembling that observed in human allergic dis
ease (128). Overexpression of TL4 results in a marked increase in serum TgE
levels and the appearance of an inflammatory eye lesion with characteristic histo
pathalogical features seen in allergic reactions.

VII. CONCLUSION

In summary, no one gene can be implicated as the gene responsible for the devel
opment of atopic dermatitis. However, a clearer picture of the most likely candi
date genes or regions is emerging from complementary studies in humans and
mice. The MHC complex has certainly been implicated as well as the cluster of
interleukins on human chromosome 5. One of the major outcomes of a better
understanding of the contribution of genetics to the overall phenotype is the possi
bility of developing improved therapeutics for atopic dermatitis. Topical adminis
tration of therapeutic molecules such as antisense RNAs, which have the capabil
ity of knock out or significantly reduce the function of key genes, may be the
goal for the future for this increasing common disorder.
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Risk Factors for Atopic Dermatitis

Erika von Mutius
University Children's Hospital, Munich, Germany

I. INTRODUCTION

Atopic eczema is a common health problem for children and adolescents through
out the world. The International Study of Asthma and Allergies in Childhood
(ISAAC) has shown that symptoms of atopic eczema exhibit wide variations in
prevalence both within and between countries inhabited by similar ethnic groups,
suggesting that environmental factors may be critical in determining disease ex
pression. Epidemiology offers the methodological framework to answer questions
relating to potential environmental and genetic detenninants of atopic dermatitis.
Yet it is only during the last 10 years that research into the epidemiology of atopic
dennatitis has started in earnest. In many of these studies striking differences in
the distribution and risk factor profile of atopic eczema as compared to asthma
and hay fever have become apparent. For example, the striking differences in
the prevalence of hay fever, atopy, and asthma seen between eastern and western
Europe are not found for atopic dennatitis (l,2). Children exposed to farming
environments early in life have strikingly low prevalences of asthma, hay fever,
and atopy, yet the prevalence of atopic eczema is unaffected by early childhood
farming exposures (3-5). Therefore, it seems likely that risk factors detennining
the development of atopic dermatitis may differ significantly from those affecting
the incidence of asthma and hay fever.

In the following sections I have therefore restricted the discussion to studies
focusing on atopic dennatitis and have excluded reports relating to "atopic ill
nesses" without specification of the different atopic conditions. Because subjects
with atopic eczema share certain characteristics with individuals affected by
asthma and hay fever, such as elevated IgE production and a deviated immune
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response, this restriction may have been too tight. Yet it seems likely that atopic
dermatitis is a multifactorial syndrome, and the many components of the disease
may be even harder to identify if too loose criteria are applied.

As with other chronic conditions, several limitations of population-based
studies must be borne in mind when interpreting the findings. First, the definition
of atopic eczema varies from study to study, and validations of questionnaire
based estimates have been few. Skin examinations by trained field workers, which
can add an objective parameter to questionnaire-based data, do reflect a point
prevalence of skin symptoms at the time of examination and can therefore only in
limited ways corroborate estimates of lifetime prevalences assessed by questions
inquiring about a doctor's diagnosis of eczema ever. Second, assessment of po
tential determinants in cross-sectional surveys relate to the prevalence of the con
dition, i.e., the incidence and persistence of the disease. It is therefore often diffi
cult to disentangle aggravating from causal factors in such cross-sectional studies.
There are only few prospective surveys aiming at identifying environmental ex
posures prior to the onset of clinical manifestations of atopic dermatitis.

Third, atopic dermatitis often occurs concomitantly with asthma and hay
fever in the same subject, but most studies have not taken into account potential
confounding by the presence of two or three atopic conditions in which case no
unambiguous association between outcome and exposure exists. Finally, it seems
reasonable to suggest that different phenotypic manifestations of atopic dermatitis
develop during childhood and adult years. For example, it has been shown that
on a population level only 42% of all children with atopic eczema produce IgE
antibodies to inhalant and food allergens as assessed by skin prick tests (1). It
thus seems likely that different risk factors will be associated with different phe
notypes of the disease and that, in addition, different gene-by-environment inter
actions may occur in subjects with different phenotypic expressions of the condi
tion. Unfortunately, the epidemiology of atopic dermatitis has just commenced,
and more detailed information about such potential interactions is still missing.

The following chapter will discuss findings from epidemiological surveys
relating the prevalence of atopic dermatitis to environmental risk factors such as
migration, socioeconomic conditions, family size, nursing and infant feeding, as
well as exposure to environmental pollutants.

II. MIGRANT STUDIES
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Migrant studies make comparisons between the morbidity experience of migrant
groups and that of their current country of residence and/or their country of ori
gin. Migrant studies can help resolve whether spatial differences in the frequency
of disease are attributable to environmental factors in the regions studied or to
different genetic compositions of the population.
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In children migrating from the Pacific Islands of Tokelau to New Zealand,
a large increase in the prevalence of atopic eczema as compared to children of
similar ethnic groups in their country of origin were documented in 1980 (6).
Asian children born in Australia have been shown to be at higher risk of atopic
eczema than those who have recently immigrated (7), which may point towards
the importance of environmental factors in the country of residence.

III. SOCIOECONOMIC STATUS

The National Child Development Study in the United Kingdom gathered detailed
information on over 98% of babies born in England, Wales, and Scotland during
the week of March 3-9, 1958 (8). These infants were followed up at the ages
of 7, 11, and 16 years (n = 8279). When the children were aged 7, parents were
asked by health visitors using a structured questionnaire whether their child had
had eczematous rashes during the first year of life or at any time after the first
year. When the children were aged 11 and 16, parents were asked whether they
had had eczematous rashes in the past 12 months. In addition, skin examinations
by experienced school medical officers were recorded at the ages of 7, II, and
16. Social class was assessed using the registrar general's classification according
to the father's occupation when the children were 7 years of age. The prevalence
of reported eczema was 1.5-2 times higher in upper social classes I and II than
in classes IV and V at each follow-up point. The social class trend was strongest
when the children were aged 7 and under. Prevalences for examined eczema
showed similar social class gradients to those for reported eczema at all ages in
the follow-up study, with a roughly twofold difference in prevalence between
the two highest and two lowest social classes. The results retained significance
after adjusting for potential confounding factors (8).

The 1970 British birth cohort comprised all children born in England, Scot
land, and Wales in one week of April 1970 and follow-up surveys at birth, 5,
10, and 16 years of age (9). As in the 1958 cohort, social advantage was a risk
factor for eczema at age 16 years. Similar results were obtained in the Swiss Study
on Childhood Allergy and Respiratory Symptoms with Respect to Air Pollution,
Climate and Pollen (SCARPOL) conducted as a cross-sectional survey in several
areas in Switzerland in 1992/93 among school-aged children (10). The lifetime
prevalence of atopic dermatitis was assessed via questionnaires inquiring about
itching skin disease persisting for at least 6 months and eczema in typical loca
tions ever. The SCARPOL findings confirmed the British results showing the
highest prevalence in social class I (15.9%) as compared to the lowest prevalence
in social class V (9.6%, p = 0.006 for trend).

The increase in the prevalence of atopic dermatitis in British adolescents
aged 16 years over a time period of 12 years (1974-1986) was, however, not
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1946 1958 1970
III Social class I, II

:% Social class III

~ Social class IV, V

IV. FAMILY SIZE

There is conflicting evidence with respect to the role of birth order in the develop
ment of atopic dermatitis. A number of reports have documented inverse associa
tions between family size and the occurrence of childhood atopic dermatitis. In
a large prospective birth cohort study in Denmark, parity was strongly inversely
related to a specialist diagnosis of atopic dermatitis at a mean age of around 6

Figure 1 Relationship between social class and atopic eczema in three national cohorts
in the United Kingdom. (From Ref. 13.)

attributable to changes in social class over time (11). Likewise, no clear relation
was found between social class and atopic dennatitis among adult parents partici
pating in a large German Multicentre Birth Cohort Study (12), suggesting that
factors associated with social class may affect certain phenotypes of atopic der
matitis more prevalent in younger children.

An interesting report from 1984 suggests that the relationship between
atopic dermatitis and social class may have changed over time (Fig. 1). Rates of
reported childhood eczema between the ages of 4 and 7 years were studied in
three national British cohorts of children born in 1946, 1958, and 1970 (13).
Social classes I and II children born in 1946 were less likely to be reported as
having eczema, compared with children from lower social classes, whereas chil
dren born into higher social classes in 1958 and 1970 had higher rates. These
findings may reflect secular changes in factors associated with higher socioeco
nomic status in previous years.
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years [adjusted OR = 0.26 (95% CI: 0.10-0.73) comparing four siblings to one
sibling] (14). Likewise, the prevalence of parental-reported atopic dermatitis was
found to be inversely related to family size after adjusting for potential confound
ers using data from the National Child Development Study in the United King
dom and the 1970 British birth cohort (9,15). In a large Finnish birth cohort study
over 8000 infants were followed up to the age of 7 years. Again, parity was
significantly inversely related to the prevalence of parental-reported allergic ec
zema after adjusting for potential confounding factors (16).

Such inverse associations were, however, not seen in all studies. An Austra
lian cross-sectional survey investigating school children 7 years of age found
only a nonsignificant trend towards lower prevalences of parental-reported atopic
dermatitis in this population [23.3% in children without siblings as compared to
19.5% in children with at least 5 siblings (OR = 0.80; 95% CI: 0.49-1.31)] (17).
Likewise, in a recent prospective birth cohort study from the United Kingdom,
atopic dermatitis at age 2 years defined either as doctor-diagnosed eczema, as
visible dermatitis, or as maternally reported eczema showed a nonsignificant in
verse association with the number of older siblings [adjusted OR = 0.86 (95%
CI: 0.36-2.06) when comparing no sibling to at least 3 older siblings] (18). Fur
thermore, in young adults no relationship between birth order and the prevalence
of atopic dermatitis was seen (19,20). None of these studies specified the pheno
typic presentation of atopic eczema, e.g., as intrinsic or extrinsic, which may
account for the apparent discrepancies since it is mainly atopic sensitization and
hay fever that so far have shown the strongest and most consistent inverse associ
ations with family size (21).

Several hypotheses have been put forward to explain the sibling effect. It
seems very unlikely that the age of the mother is the underlying causal factor,
since in most reports the sibling effect was still seen after adjusting for the age
of the mother at birth of her child. Furthermore, the age of the mother has been
investigated in several surveys, but no significant association between maternal
age and the prevalence of atopic eczema was found (14,16,20).

David Strachan, who first described the phenomenon in 1989 (15), pro
posed that "infection in early childhood, transmitted by unhygienic contact with
older siblings, or acquired prenatally from a mother infected by contact with her
older children" may prevent the development of allergic diseases. Recent studies
relating surrogate markers of an increased burden of infections such as daycare
attendance and number of rhinitis episodes early in life, as well as a positive
serology for hepatitis A to a decreased risk of atopy and asthma (21), seem to
support this notion. However, no convincing evidence exists at present to suggest
that infections early in life are similarly protective for the development of atopic
dermatitis.

The strong inverse relation between sibship size and the expression of atopy
in families may, however, also be attributable to other mechanisms. The number
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of older siblings might be a surrogate measure for multiple pregnancies in which
feta-maternal immune responses may change with each pregnancy. If this notion
were correct, then not only the number of older siblings but also the number of
pregnancies, including miscarriages, should be related to the occurrence of atopic
diseases in the offspring. No data are at present available to test this hypothesis.

v. NURSING AND INFANT FEEDING
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Conflicting evidence exists with respect to the role of breastfeeding in the devel
opment of childhood atopic dermatitis. The three early British birth cohorts of
children born in 1946, 1958, and 1970 show interesting results (13). In the later
cohorts of children born in 1958 and 1970, there was a positive association be
tween eczema and breastfeeding. The longer the child was breastfed, the more
likely he or she was to be reported as having eczema, whereas no such relation
ship was found in the 1946 cohort. This discrepancy may point towards changing
factors over time which are carried over to the infant through the breast milk,
suggesting that the nursing of an infant may have different effects depending on
the maternal environment and status. Thus, beneficial effects of breastfeeding
as recently reported from a large Breastfeeding Intervention Trial (PROBIT) in
Belarus (22), which showed a 50% reduction in risk of developing atopic eczema
in the first year of life, may not be applicable to other populations. In fact, several
studies have shown either no effect of breastfeeding (14,18) or an increased risk
of developing atopic dermatitis with prolonged breastfeeding (23).

A significant proportion of children with atopic dermatitis are sensitized
to food allergens, mostly cows' milk, egg, nuts, and wheat. In this subgroup of
children with food allergy, which manifests as atopic dermatitis early in life, the
introduction of certain foods into the infant's diet after weaning may be associated
with an increased risk of developing food allergy and concomitantly atopic ec
zema. There are few prospective studies investigating the role of nutrition for
the development of food allergy and atopic dermatitis in the general population.
In a New Zealand birth cohort following over 1200 infants up to the age of 10
years, the exposure to a diverse solid food diet during the first 4 months produced
risks of eczema in early childhood about 1.6 times those of children who were
not introduced to solid food by age 4 months (24). These associations remained
significant after adjusting for potential confounding factors. Similar relationships
were seen between early infant diet and risks of chronic and recurrent eczema
up to the age of 10 years (25). Recurrent or chronic eczema was defined by the
following criteria: (I) the child had attended a family doctor on at least 3 occa
sions for eczema; (2) the condition had lasted for a period of at least 3 consecutive
years; (3) the child was receiving regular medication for eczema. Another,
smaller prospective study following roughly 450 infants up to age 2 years con-
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eluded that there was an increase in the incidence of eczema in the infants who
received solids at 8-12 weeks of age but that the effect was weaker than previ
ously reported (26).

Several subsequent intervention studies in high-risk populations combining
lactation dietary restriction and delayed solid feeding have shown transient reduc
tions in the incidence of atopic eczema in the first 12-18 months of life, as will
be discussed in more detail later in this book. These findings suggest that for
certain subtypes of atopic dermatitis in children at high risk, most likely those
phenotypes related to sensitization to cows' milk may be triggered or incited by
feeding of cows' milk and solids early in life. Since the effect is only transient
and does not abolish risks completely, the role of infant feeding for the develop
ment of childhood atopic eczema in the general population must be interpreted
with caution.

VI. ENVIRONMENTAL POLLUTANTS

Unlike hay fever and asthma, which have been shown to occur less frequently
in highly polluted areas in eastern Germany (2,27,28), the prevalence of atopic
dermatitis either assessed via parental reports or as visible flexural dermatitis was
found to be higher in eastern Germany (1,2). Interestingly, the excess of atopic
dermatitis in eastern Germany as assessed by an experienced senior dennatologist
was attributable to the intrinsic phenotype, i.e., to eczematous children without
atopic sensitization to common allergens in skin prick tests (1). In subsequent
investigations in these polluted areas of eastern Germany (Zerbst, Bitterfeld, and
Hettstedt), the body burden of arsenic and heavy metals was measured, but no
relationship to the prevalence of atopic dennatitis in the school-aged children
was found (29). However, the overall prevalence of atopic eczema was slightly
higher in industrial areas as compared to control areas in eastern Germany, but
this difference did not reach statistical significance (2.9% vs. 1.6%).

Indoor heating with a gas heater with an exhaust pipe connection to the
wall was furthennore found to be associated with an increased risk of eczema
in east German children (OR = 8.22; 95% CI: 2.44-27.66), whereas a central
heating system was associated with a decreased risk (OR = 0.30; 95% CI: 0.10
0.90) (29). The same authors had previously reported in a comparative survey
of east and west German preschool-aged (5-7 year old) children that the preva
lence of eczema as assessed by physical examination was associated with indoor
use of gas without hood (adjusted OR = 1.68; 95% CI: 1.11-2.56) and distance
of homes from a busy road «50 m adjusted OR = 1.71; 95% CI: 1.07-2.73)
(30). Similar questions inquiring about self-reported increased traffic exposure
on busy roads did not, however, find any association with the prevalence of atopic
eczema in one west German study (31), and inconsistent results in Malta (32).
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Subsequent extensive exposure studies in eastern Germany (Dresden), using a 1
kIn grid to assess personal exposure at home and school addresses of study chil
dren, were furthermore unable to reproduce these findings when investigating
parental reports and skin examinations for atopic eczema in school-aged children
(33). Thus, more comprehensive studies including objective assessment of visible
dermatitis and comprehensive pollution exposure assessment are needed before
any firm conclusions can be drawn.

Environmental tobacco smoke exposure has been related to the prevalence
of atopic eczema in German 5- to 6-year-old preschool children (34). In this
survey 12.6% of the mothers reported that they had smoked during pregnancy
and/or lactation. Of the children exposed to maternal smoking, 33.8% had re
ported atopic dermatitis as compared to 18.1 % of unexposed children. This differ
ence amounts to a roughly twofold increased risk of atopic eczema in children
exposed to environmental tobacco smoke early in life (adjusted OR = 2.30; 95%
CI: 1.32-3.12). Other studies failed to confirm these results (29,32,35), which
may either reflect differences in the timing of the exposure (prenatal or infant
versus childhood exposure) or confounding by concomitant manifestations of
asthma and wheezy bronchitis, which have consistently been shown to be related
to maternal smoking. Interestingly, no consistent relationship between environ
mental tobacco smoke exposure and atopic sensitization was found, again point
ing towards potential confounding between wheeze and atopic eczema in studies
reporting positive associations between the prevalence of atopic dermatitis and
maternal smoking.

Besides pollution, other environmental factors may be relevant, such as
domestic water supply. Water hardness is believed to be important in the develop
ment of eczema, and water-softening units are recommended by manufacturers
and by some physicians for the management of eczema. To test this hypothesis,
an ecological study of the relation between domestic water hardness and the prev
alence of eczema among Nottinghamshire school children was conducted (36).
Questionnaire details of I-year and lifetime prevalence of eczema were obtained
from parents of over 7500 school children. Geographical information systems
were used to link the geographical distribution of eczema in the study area to
four categories of domestic water-hardness data. Among the primary school chil
dren aged 4-16 years, a significant relation between the prevalence of atopic
eczema and water hardness, both before and after adjustment for potential con
founding factors, was found (Fig. 2). The I-year period prevalence was 17.3%
in the highest water-hardness category and 12.0% in the lowest category (adjusted
OR = 1.54; 95% CI: 1.19-1.99). The effect on recent eczema symptoms was
stronger than on lifetime prevalence, which may indicate that water hardness acts
more on existing dermatitis by exacerbating the disorder or prolonging its dura
tion rather than as a cause of new cases. Eczema prevalence trends in the second-
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Figure 2 Water hardness categories and prevalence of atopic eczema among primary
school children in the United Kingdom. (From Ref. 36.)

ary school population of children aged 11-16 years were furthermore not signifi
cant, pointing to age-specific effects of exposure.

VII. CONCLUSIONS
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Very little is known about determinants of atopic dermatitis among children,
adolescents, and adults. The worldwide variation in prevalence both within and
between countries inhabited by similar ethnic groups suggests that environmental
factors may be critical in determining disease expression. Likewise, the findings
of migrant studies, though scarce for atopic eczema, point towards the importance
of environmental risk factors for the expression of the disease. From the findings
referred to in this chapter it seems likely that factors associated with recent advan
taged lifestyle may in part determine the inception of atopic dermatitis. Whether
family size contributes to this effect is unknown, but higher parity has been re
ported in a number of studies to be inversely related to atopic dermatitis. The
strength of the effect is, however, much weaker than for atopic sensitization and
hay fever, which may be due to a significant proportion of subjects with atopic
eczema belonging to the intrinsic phenotype, i.e., atopic eczema without atopic
sensitization as assessed by skin prick tests or SelUl11 IgE antibodies. Conversely,
the atopic eczema related to food allergy early in life may represent a subgroup
of children in whom nutritional aspects of infant feeding may playa role, particu
larly the introduction of solid foods. Finally, some aspects of the environment
may play a role in either aggravating atopic eczema, as in the case of water
hardness, or in inciting new cases of intrinsic atopic eczema, as seen in polluted
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areas of eastern Germany. Overall, the epidemiological findings relating to atopic
dermatitis are still few and need replenishment. Not only should environmental

exposures be assessed more rigorously, but attention must be paid in future stud

ies to potential gene-environment interactions, since an atopic family history is
sti II one of the main and consistent risk factors for the development of the disease.
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I. INTRODUCTION

The epidennal permeability barrier resides in the stratum corneum (SC), a hetero
geneous, two-compartment tissue. Whereas the cells (corneocytes) of the SC are
lipid-depleted, they are embedded in a continuous, lipid-enriched extracellular
matrix organized into characteristic, multilamellar membrane unit structures,
which mediate barrier function (22). The fonnation of the permeability barrier
is the goal of epidennal proliferation and differentiation, processes that begin in
the basal layer. The quantitatively most important cell type of the epidennis, the
keratinocyte, derives from stem cells, and en route to the SC it synthesizes spe
cific basal (K5 and K14) and suprabasal (KI and KIO) keratins, as well as corni
fied envelope (CE)-associated proteins (20). The CE begins to form with the
deposition and cross-linking of involucrin and envoplakin on the intracellular
surface of the plasma membrane in the upper spinous and granular cell layers of
the epidennis. The process begins at or near desmosomal sites, followed by the
subjacent addition of elafin, small prolin-rich proteins, and loricrin. With cornifi
cation, the phospholipid-enriched plasma membrane disappears, followed by the
formation of a ceramide-containing membrane bilayer (see below), which is cova
lently attached to involucrin, envoplakin, and periplakin moieties on the extracel
lular surface of the CE by w-hydroxyester bonds (57).

The lipid synthesis required for barrier function occurs in keratinocytes
within all nucleated cell layers of the epidennis. Newly synthesized lipids then
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are delivered to and stored within epidermal lamellar bodies (Odland bodies,
keratinosomes). Lamellar body formation is first visible ultrastructurally at
the level of the spinous layer and continues throughout the granular layer. In the
outermost granular layer the contents of lamellar bodies are secreted into the
intercellular domains at the stratum granulosum/SC interface. Lamellar bodies
contain mainly cholesterol, phospholipids, and glucosy1ceramides, as well as hy
drolytic enzymes, which also are delivered to the SC interstices, where they con
vert the newly secreted phospholipids, glucosy1ceramides, and sphingomyelins
to free fatty acids and ceramides. These biochemical transformations, which may
be regulated by the stratum corneum pH gradient (60,61), provoke sequential
changes in membrane structure, leading to the formation of lamellar membrane
unit membranes. This type of membrane organization is required for life in a
terrestrial environment. In addition to lamellar body-derived lipid hydrolytic en
zymes, a variety of proteases, required for desquamation, are delivered to the SC
interstices by lamellar body secretion present as well.

SC lipids comprise approximately equimolar quantities of ceramides, cho
lesterol, and free fatty acids, as well as lesser amounts of other nonpolar lipids
and cholesterol sulfate (91a). Of the three key lipids, ceramides comprise a family
of at least seven subfractions (89,91 a), which account for up to 50% of SC lipids
by weight. Not only because of the preponderance, but also because of their
amphiphilic structure and extremely long-chain, constituent N-acyl fatty acids,
ceramides are presumed to be critical for barrier function. Studies with different
inhibitors of ceramide formation (41,42,47) demonstrate a broad requirement for
the ceramide family in barrier function. However, the function and the require
ment for specific species within the ceramide family are still incompletely under
stood. Substantial indirect evidence points to the importance of the most nonpolar
species, ceramides 1 and 4, which contain linoleic acid w-esterified to an unusu
ally long-chain, N-acyl fatty acid (C ~ 30; acyl-ceramide) for permeability bar
rier function (89). The w-hydroxyceramides in the ceramide family are generated
by a cytochrome P450-dependent process (7). In essential fatty acid deficiency,
oleate substitutes for linoleate as the predominant w-esterified species in basal
ceramides I and 4 (107) in association with a profound barrier abnormality (21).
Moreover, only when acy1ceramides are added to model lipid mixtures of choles
terol, free fatty acids, and non-w-esterified ceramides do membrane structures
form that resemble those present in SC extracellular domains (10). In addition
to their putative role in extracellular lamellar membrane organization, a portion
of the w-hydroxyceramides is linked to the external surface of the CE, where
they are attached covalently to involucrin and other constituent cornified envelope
peptides (57,97,108), apparently through the action of keratinocyte transglutami
nase 1 (77). The resulting monolayer of w-hydroxyceramides forms the corneo
cyte-bound lipid envelope (CLE) (108). Although the cornified CE itself pos
sesses no intrinsic water barrier properties, the CLE may be important for either
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nonnal deposition of the extracellular lamellae (scaffold function) and/or for in
tercorneocyte cohesion.

The epidermis is a highly active site of lipid synthesis, which is largely
autonomous from the influence of circulating lipids, but regulatable by alterations
in barrier status (24,29). Injury to the skin resulting in perturbations of the perme
ability barrier, regardless of type, provokes a recovery response that leads to a
normalization of barrier function within hours to days, depending on species,
age, and severity of the initial insult (24,29). Barrier recovery results from resto
ration of sufficient extracellular lipids to the SC interstices (32), with the orga
nization of newly delivered lipid into lamellar membrane unit structures (68).
Restoration of lipids to the SC is driven by a metabolic response limited to the
epidermis underlying the site of acute injury. The initial response is secretion of
a substantial pool of preformed lamellar bodies from the outer granular cells by
30 minutes (68), followed by an increase in cholesterol and fatty acid synthesis
over the next 30 minutes to 4 hours (31) and increased ceramide synthesis in
6-9 hours. The increase in formation of these lipids, in turn, is regulated by
(1) increased activities of key enzymes in each of their synthetic pathways,
(2) an tecedent increases in mRNA levels for the same enzymes, (3) changes in
the phosphorylation (activation) state of at least one key enzyme, HMG CoA
reductase), and (4) putative role for sterol regulatory element binding proteins
(SREBPs) as regulators of both epidermal cholesterol and fatty acid synthesis.

The delivery of ceramides results not only from the synthetic pathway,
regulated by serine palmitoyl transferase, but also from hydrolysis of glucosylcer
amides and sphingomyelins by the enzymes ~-glucosecerebrosidase and acid
sphingomyelinase respectively. An increase in the activity and mRNAs of ~

glucosecerebrosidase occurs somewhat later, i.e., not until 6-9 hours after acute
disruption (43). As noted above, ceramides also are derived from the hydrolysis
of sphingomyelins during a step regulated by the enzyme acid sphingomyelinase.
Acid sphingomyelinase activity increases more quickly after acute barrier disrup
tion, i.e., by 1 hour after treatment, which suggests the importance of this enzyme
in the generation of ceramides for early permeability barrier repair (47,91).
Uchida et a1. found that epidermal sphingomyelins of different structures are
precursors for two of the seven SC ceramides, i.e., ceramides 2 and 5, but other
ceramide species, including the w-hydroxyceramide species, do not derive from
sphingomyelin (101).

In addition to enhanced lipid synthesis, epidermal DNA synthesis increases
by about 16 hours after acute barrier disruption in mouse skin (84). Accordingly,
acute as well as chronic barrier disruption results in the induction of the hyper
proliferation-associated keratins K6 and K16, as well as the inflammation-associ
ated K17. Also, the expression of suprabasal keratins, Kl and KlO, increase in a
delayed fashion after acute barrier disruption, while expression of the CE protein
involucrin, which normally is restricted to the granular and upper spinous layers,
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extends to the lower spinous layers after acute barrier disruption. In contrast,
loricrin expression remains unchanged. These results suggest that lipid, DNA,
keratin, and involucrin synthesis are regulated coordinately in response to epider
mal permeability barrier requirements (20).

Integrity of the permeability barrier also regulates epidermal Langerhans
cell density. Experimental barrier disruption in mouse skin by treatment with
either acetone, sodium dodecylsulfate solution (SDS), or tape stripping increases
Langerhans cell density (85). The increase in epidermal Langerhans cell density
is accompanied, in turn, by an enhanced propensity for allergic contact dermatitis
(85,86). Immunofluorescence staining of epidermal sheets, as well as flow cyto
metric analyses, showed that subpopulations of Langerhans cells expressed the
major histocompatibility complex class II antigens, CD54 and CD86, at levels
higher than in control. Therefore, barrier compromise leads not only to increased
permeability of allergens through the SC, but also to altered immune functions
of epidermal dendritic cells that can potentiate T-cell activation. Such overregula
tion of immune reactivity, coupled with barrier repair, may be critical to the
restriction of penetration of environmental noxious agents into epidermis (78).

II. SIGNALS OF BARRIER HOMEOSTASIS
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The fact that external perturbations initiate homeostatic (repair) responses in un
derlying layers of the epidermis implies that signaling mechanisms are operative.
The epidermis generates a plethora of candidate signaling molecules, and several
potential candidates (e.g., neuropeptides, nitric oxide, polar lipids) have not yet
been studied. However, it is clear that changes in the concentration of selected
ions, particularly Ca2+ and K+, are important for barrier recovery after acute
disruption. These ions regulate lamellar body secretion from the outermost granu
lar cell by a mechanism that involves both voltage-sensitive calcium channels
and calmodulin. A steep ionic gradient exists across the nucleated layers of the
epidermis, with the highest concentrations in the outer granular layer (60). In the
presence of an unperturbed barrier, the extracellular Ca2+ gradient restricts lamel
lar body secretion, while loss of the gradient coincident with barrier disruption
accelerates lamellar body secretion (53,61). The inhibitory effects of Ca2+ and
other ions on barrier homeostasis may explain the increased incidence of derma
titis in geographic areas where "hard water" provides the principle water supply
(62).

Ionic mechanisms probably do not, however, regulate synthetic events
proximal to the outer granular layers. Therefore, we next examined cytokines
and growth factors, known to be produced in abundance by keratinocytes (30,74),
as potential autocrine regulators of barrier homeostasis. Indeed, both the mRNA
and protein levels of several cytokines and growth factors increase after acute
barrier perturbations, although the kinetics of these changes differed (111). TNF
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and GM-CSF are among the first cytokines that increase at an mRNA level,
followed by both fL-l a/~ and fL-l ra. Furthermore, fL-l a (but not TNF) is also
released from a large preformed pool in the outer epidermis (112). The localiza
tion of these cytokines within the epidermis under basal conditions is consistent
with the role of one or more of these substances as a homeostatic regulator, i.e.,
fL-la, IL-lra, amphiregulin, and TNF are concentrated in the outer nucleated
layers.

We explored the TNF and IL-l signal transduction pathways in permeabil
ity barrier repair. We showed that topical application of either TNF or IL-l en
hances barrier repair after acute perturbations of hairless mouse skin. Moreover,
in TNF p55 receptor-deficient mice, cutaneous barrier repair was delayed in
comparison to either wild-type or TNF p75 receptor-deficient animals. After
barrier disruption in hairless and wild-type, but not in TNF-p55-deficient mice,
the activities of acid and neutral sphingomyelinase, downstream targets of the
TNF p55 receptor, are significantly enhanced. Stimulation of acid sphingomye
linase activity is accompanied by both a decrease in sphingomyelin content and
an increase in ceramide levels. Furthermore, reduction of epidermal acid sphingo
myelinase activity by the inhibitor imipramine results in a delay in permeability
barrier repair after SC injury (47). The WD-40 repeat protein FAN binds to a
distinct domain of the TNF-p55 receptor and signals the activation of neutral
sphingomyelinase. In FAN-deficient mice we found delayed kinetics of recovery
after cutaneous barrier disruption, further suggesting a physiological role ofTNF/
FAN in epidermal barrier repair. Also, epidermal proliferation after tape stripping
is reduced in FAN-deficient animals, suggesting a role for neutral sphingomyelin
ase-generated ceramides in the regulation of the proliferative response to barrier
disruption (51). Together, these results suggest that the TNF p55 receptor signal
ing pathway contributes to permeability barrier homeostasis through sphingomy
elinase-mediated generation of ceramides (47).

Finally, these cytokines are likely to serve not only as homeostatic signals,
but also as pathogenic signals. For example, repeated barrier disruption ("sub
acute model") leads to epidermal hyperplasia and inflammation, accompanied
by increased IL-l a and TNF expression (17). Together, these alterations can be
presumed to mirror increases in barrier-initiated cytokine generation (cytokine
cascade) that occurs in skin diseases, such as atopic dermatitis and psoriasis,
which, it should be noted, are inevitably characterized by abnormal barrier func
tion.

III. BARRIER FUNCTION IN ATOPIC DERMATITIS

The existence of a defect in skin permeability barrier function in atopic dermatitis
(AD) is welI accepted, but the epidermal abnormality generally is viewed as a
downstream consequence of the inflammatory phenotype (II). Several studies
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have shown a two- to fivefold increase in basal transepidermal water loss (TEWL)
over clinically uninvolved skin in AD. The extent of the barrier abnormality
appears to correlate with the state of dermatitis-acute, subacute, and chronic
as well as the degree of inflammation in lesional skin (94,95). Moreover, barrier
function in clinically uninvolved skin of normal appearance or dry noneczema
tous skin of patients with dermatitis elsewhere shows a from 30-50% up to a
twofold increase in TEWL (3,28,94,104). Conversely, TEWL levels and the SC
water content in normal-appearing skin of completely healed patients (free from
symptoms of AD for more than 5 years) are not different from normal controls
(60). As noted above, active dermatitis is associated with a further disturbance
in skin barrier function (four- to eightfold increase) (l), as well as enhanced
percutaneous absorption of small molecules, such as hydrocortisone, theophyl
line, and dimethylsulfoxide (l ,114). Together, these studies suggest that skin bar
rier function in AD undergoes fluctuations according to the phase of the disease,
supporting the hypothesis that the presence of active eczema provokes impaired
banier function in uninvolved skin, even at sites far from active lesions (95).

It is also well accepted that patients with a history of AD have an increased
tendency for certain other dermatoses. Tupker et a1. showed that patients with a
history of AD had lower preexposure TEWL levels, but higher TEWL measure
ments following irritant exposure than groups with a history of either allergic
contact dermatitis alone or unaffected controls. Moreover, clinically dry skin was
more susceptible to irritants than normal-appearing skin (l00). Hanifan's patients
also showed a significantly greater irritant response to sodium dodecylsulfate
both in atopic subjects with no skin disease and in subjects with inactive AD
(76). They hypothesized that abnormal, intrinsic hyperreactivity to inflammatory
ceJls in atopic individuals predisposes to a lower threshold of responsiveness to
irritants (76). Conti et a1. (l3) examined skin reactivity in patients with a history
of respiratory atopy, but no AD. Tests were performed first in winter and repeated
in spring when patients showed respiratory symptoms from seasonal allergic rhi
nitis. A parallel group of 15 subjects with AD served as the control population.
After a standard sodium dodecyl sulfate challenge, AD patients showed a greater
extent of skin barrier damage and inflammation than did patients with seasonal
allergic rhinitis. Together, these findings suggest that subjects with seasonal aller
gic rhinitis without atopic dermatitis have normal epidermal barrier function and
normal skin reactivity during both the inactive and the active phases of their
disease. Further, inflammatory mediators, presumably released by mucous mem
branes during active aJlergic rhinitis, do not appear to influence skin barrier func
tion adversely (13,14).

Surprisingly, Gfesser et a1. (35) described that the early phase of epidermal
barrier regeneration after experimental disruption by tape stripping is faster in
patients with AD than in normals. The authors speculated (and we would agree)
that repair mechanisms are permanently activated, because of the persistent, mild



Epidermal Barrier in Atopic Dermatitis 129

disturbance in barrier function in patients with AD. Yet, despite accelerated repair
kinetics, normal barrier function is never completely achieved (35). The same
authors described a disturbance of epidermal barrier function in patch test reac
tions in AD (36). Positive patch test reactions to aeroallergens were only observed
in AD patients, and these bore macroscopic and microscopic resemblance to le
sional AD skin. After patch test to grass pollen, birch pollen, cat dander, and
house dust mite, the patients developed positive skin reactions and showed a high
two- to fourfold increase in TEWL in the patch test area. After patch test reactions
to common type IV (contact) allergens (nickel sulfate, potassium dichromate,
thiuram-mix, and paraphenylenediamine), only a twofold increase in transepider
mal water loss levels occurred. The authors concluded that as a consequence of
aeroallergen-induced alterations in barrier function, aeroallergens can penetrate
the skin more easily, inducing a vicious circle that perpetuates eczematous le
sions (35).

IV. EPIDERMAL LIPIDS
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Changes in SC lipid content have long been regarded as the cause of the disturbed
permeability barrier function in atopic skin, and numerous studies have addressed
this hypothesis. Skin surface lipids from the forearm repeatedly are significantly
lower in AD than in either normal controls or in patients with ichthyosis vulgaris
(6,46), suggesting a decrease in total SC lipids. Mustakallio et al. (75) character
ized and quantitated the epidermal lipids in AD by thin-layer chromatography.
Full-thickness epidermal sheets were obtained by the suction blister method dur
ing the winter months from the volar aspect of nonlichenified forearm skin of 12
patients with Besnier's prurigo (chronic, lichenified AD). Compared with normal
controls of the same age, atopic epidermis displayed a decrease in the contents
of total lipids, phospholipids and sterol esters, as well as an increase in free fatty
acids and sterols (75). It is likely that the decrease in phospholipids actually
reflected a decrease in sphingolipid content; specifically sphingomyelin, based
upon more recent work (see below). The phospholipid and fatty acid content of
lesional vs. lesion-free epidermis was also determined by Schafer and Kragballe
(90). They found an increased activity of phospholipase Az and an incomplete
transformation of phospholipids into other lipid classes in AD (90).

More recently, special attention has focused on the role of ceratllides in
the barrier abnormality in AD. When SC lipids of untreated noninflamed plantar
skin of patients with AD vs. 10 healthy age-matched controls were examined by
sequential high-performance thin-layer chromatography, significant decrease in
the ceranlide fraction, expressed as a percentage of total lipids, was found in the
AD patients (64). Moreover, a decrease in ceranlides was also found in SC from
back skin and in toenails from patients with AD (66). A marked reduction in the
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amount of ceramides was also found in lesional forearm SC in AD by Imokawa
et a1. (45). Interestingly, nonlesional SC from affected patients also exhibited a
similar, significant decrease in ceramides. Among the six ceramide subfractions,
ceramide 1 was most significantly reduced in both lesional and nonlesional skin.
However, ceramides 2, 3, 4 plus 5, and 6 were also reduced significantly in both
lesional and nonlesional SC (45). Likewise, a reduced content of ceramide 1 in
the SC of clinically dry skin, with no signs of eczema, was found in AD by
Yamamoto et a1. (113). It is noteworthy that the relative amount of all other SC
lipid classes in AD, including squalene, cholesterol esters, triglycerides, free fatty
acids, cholesterol, cholesterol sulfate, and phospholipids, did not differ signifi
cantly from controls (113). Furthermore, a reduced content of total ceramides
and ceramide I was also found in the SC of atopic dry skin by Matsumoto et a1.
(59). Whereas the content of ceramide 2, 3, 4 plus 5, and 6 was also reduced, it
did not reach statistical significance (58). Di Nardo et al. (18) correlated SC
ceramide content with barrier function in AD. First, they found significantly
lower levels of ceramide 1 and 3 and higher levels of cholesterol in AD vs.
control subjects. Second, they found that the decrease in ceramide 3 correlated
significantly with the barrier impairment (18). Finally, Bleck et al. (9) found two
monohydroxylated and monounsaturated ceramide subfractions of different chain
length, containing either C 16 or C 18 or C 22 , C24 , C 26 a-hydroxy fatty acids in
nonlesional skin of AD by MALDI-TOF mass spectrometry. In contrast, only a
single peak occurred in the SC ceramides from senile xerosis, psoriasis, and
seborrheic dermatitis (9).

As described above, skin ceramides derive both from the newly synthesized
compound, serine palmitoyl transferase, and from hydrolysis of both glucosylcer
amides (by ~-glucocerebrosidase) and sphingomyelin (by acidic sphingomye
linase) (42,43,47). The rates of ceramide synthesis and the activity of the rate
limiting enzyme, serine palmitoyl transferase, in the epidermis of AD has not
yet been determined, because of both the invasive nature of such studies and the
sample size needed for such experiments. In contrast, it has been easier to exam
ine hydrolytic enzymes, because their levels peak in the Sc. Jin et al. (48) exam
ined ~-glucocerebrosidase and ceramidase activities in the SC of AD and age
related dry skin. Since they found differences in neither ~-glucocerebrosidase

nor ceramidase activities in uninvolved SC of AD, the decrease of ceramides in
AD could not be attributed to enhanced ceramide degradation (48). Likewise,
the presence of unchanged ~-glucocerebrosidase in SC from noneczematous dry
skin of AD was confirmed by Redoules et al. (88). Of five enzymatic activities
examined by these authors, AD displayed significantly reduced trypsin activity,
increased acid phosphatase activity, and no changes in either secretory phospho
lipase A2 or chymotryptic protease activities were seen (88).

Prosaposin is a large precursor protein that is proteolytically cleaved to
form a family of sphingolipid activator proteins, which stimulate enzymatic hy-
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drolysis of sphingolipids, including glucosylceramides and sphingomyelin. It has
been shown that prosaposin is required for normal epidermal barrier formation
and function (19). Decreased levels of prosaposin were found in atopic epidermis
by ELISA, using a polyclonal antibody to saposin D, suggesting that reduced
activation of ~-glucocerebrosidaseand acid sphingomyelinase in AD could be
due to decreased prosaposin levels in AD (15).

As noted above, sphingomyelinase was shown recently to be important for
the generation of ceramides during permeability barrier repair of the skin (47,91).
The epidermis contains two sphingomyelinase isoenzymes, an acidic sphingomy
elinase, which is localized in epidermal lamellar bodies and which generates cera
mides for the extracellular lipid bilayers of the Sc, as well as a neutral sphingo
myelinase, which is important for cell signaling during permeability barrier repair
(51). The localization and amount of acid sphingomyelinase was measured in
lesional skin of AD by Kusuda et al. (52). The authors generated a polyclonal
antibody and found immunostaining extending from the upper spinous cell layers
to the upper Sc. Moreover, total amounts of enzyme protein, measured by quanti
tative immunoblot analysis, was slightly increased in lesional vs. non-Iesional
SC from AD patients (52). Although these results suggest that acidic sphingomye
linase activity is minimalized in AD, direct assays of enzyme activity have not
yet been performed. Likewise, the activity of the neutral sphingomyelinase has
not yet been determined in AD.

An alternative explanation for reduced Cer in AD was explored by Murata
et al. (73). They found that the AD epidermis contains a novel enzyme,
glucosylceramide/sphingomyelin deacylase, which cleaves the N-acyl linkage of
both sphingomyelins and glucosylceramides. Moreover, they found that sphingo
myelin hydrolysis is extremely elevated in the SC of both uninvolved and in
volved skin in AD (a five- and eightfold increase in sphingomyelin deacylase
activity in uninvolved and involved skin, respectively). Moreover, the increase
in sphingomyelin hydrolysis in AD again was not related to changes in acid
sphingomyelinase activity, which increased only slightly (not significant). Sphin
gomyelin deacylase releases free fatty acids and sphingosyl-phosphorycholine,
rather than ceramides, generating additional classes of lipid signalling agents that
could participate in the pathophysiology of AD. These findings suggest that
sphingomyelin metabolism is altered in AD, resulting in decreased levels of cera
mides, providing a possible basis for the barrier abnormality in AD (37,73).

An alternative explanation for the decrease in ceramide content in AD was
provided recently by Ohnishi et al. (81). These authors collected bacteria from
the skin surface of eczematous and the normal-appearing skin of AD, erythema
tous skin lesions of psoriasis, and normal control skin. After selective bacterial
culture, they assayed ceramidase and sphingomyelinase activities and found that
more ceramidase was secreted from the bacterial flora of both lesional and the
nonlesional skin of AD than from either lesional psoriasis or normal subjects.
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In contrast, sphingomyelinase activity was secreted at similar levels by bacteria
obtained from AD, psoriasis, and controls. The authors suggest, therefore, that
the skin of patients with AD is colonized by ceramidase-secreting bacteria, and
that these microorganisms contribute to the ceramide deficiency in the SC of AD
(81). Finally, a disturbed extruding mechanism oflamellar bodies in the dry, non
eczematous skin of AD was described by Fartasch et al. (28), who suggested that
this mechanism could account, at least partly. for the SC lipid abnormalities found
in AD. Thus, comprehensive studies on lipid metabolism in AD suggest that a
decrease in ceramides is the cause of the impaired permeability barrier in AD.

Epidermal differentiation is of great importance for the integrity of the
permeability barrier. As noted above, barrier disruption induces K6, K16, and
K17 keratin expression, as well as suprabasal expression of KIO, while expres
sion of basal keratins K5 and K14 is reduced. Moreover, expression of the CE
protein involucrin changes, while, in contrast, loricrin expression remains un
changed (20). Accordingly, reduced expression of involucrin, cystatin A, and
filaggrin has been found in lesional skin of AD, while filaggrin expression is also
decreased in nonlesional skin of AD (93). Filaggrin expression has been related
to SC hydration (92), which is known to be reduced in atopic dry skin. Although
involucrin serves as substrate for the covalent attachment of ceramides to the CE
(58), the levels of covalently bound ceramides in AD have not yet been deter
mined. This relationship could be interest, since there appears to be a relationship
between the content of covalently bound ceramides and TEWL levels (63).

V. ESSENTIAL FATTY ACID METABOLISM IN ATOPIC
ECZEMA
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Research from the 1930s to the 1950s established that a deficit of n-6 essential
fatty acids (EFAs) leads to an inflammatory skin condition in both animals and
humans. Later. an essential fatty acid-deficient (EFAD) diet was shown to induce
extremely scaly, red skin and an up to lO-fold increase in transepidermal water
loss rates in mice (27,69,87). The progressive increase in transepidermal water
loss levels correlated with membrane structural alterations (21), explained by
replacement of linoleate by oleate in both epidermal ceramides and glucosylcera
mides (69). The signs of EFAD in animals can be reversed by either systemic
or topical administration of n-6 essential fatty acids like linoleic acid, 'I-linolenic
acid, or columbinic acid (87). Although there is evidence for a low blood EFA
concentration in AD, there is no deficit of linoleic acid. Whereas linoleic acid
concentrations tend to be elevated in blood, skin, and adipose tissue of patients
with AD, levels of downstream metabolites of linoleic acid are substantially re
duced (44). These observations suggested that conversion of linoleic acid to y
linolenic acid (GLA) might be impaired in AD (66,44). Although several studies
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have assessed the efficacy of systemic or topical n-6 essential fatty acids in AD,
the results have been conflicting. In most of the studies, however, administration
of y-linolenic acid appeared to improve the clinical severity (71). However, the
largest placebo-controlled trials of either n-6 or n-3 fatty acids supplementation
in AD found no consistent benefit. Berth-Jones et al. (8) treated 123 patients with
AD with evening primrose oil (n-6) fatty acids, fish oil (n-3) fatty acid, or placebo
for 16 weeks. No effects of essential acid supplementation by n-6 or by n-3 fatty
acids were found (8). Henz et al. (38) performed a double-blind, multicenter
analysis of the efficacy of borage oil (>23% y-linolenic acid) in 160 patients
with AD. Patients took either 500 mg of borage oil-containing capsules or a
bland lipid placebo over a 24-week period. Although several clinical symptoms
improved in comparison to placebo, the overall response to borage oil did not
attain statistical significance. Significant differences in favor of borage oil were,
however, observed in a subgroup of AD patients. Moreover, y-linolenic acid lev
els increased in borage oil-treated patients only, and serum IgE levels tended to
decrease, suggesting that a subgroup of AD patients might benefit from this treat
ment (38). The mechanisms of action of y-linolenic acid are only understood in
part. y-Linolenic acid could either influence epidermal barrier function, modulate
eicosanoid metabolism, and/or modulate cell signaling (I1a). Although a reduced
content of linoleic acid in ceramide 1 has been reported in AD (lIS), whether
topically or systematically applied n-6 fatty acids normalize linolenic or y-lino
lenic acid content of ceramide 1 is not known. However, preliminary data from
Michelsen et al. showed that oral treatment with n-6 fatty acids did not change
ceramide content or composition significantly (Michelsen et aI., poster at the
German Dermatology Meeting, 1995). A different mechanism for the fatty acids
has been forwarded recently: linoleic acid and other unsaturated free fatty acids
are potent, naturally occurring activators of PPARa. PPARa ligands promote
epidermal differentiation in vivo, and topically applications of PPARa activators
restore tissue homeostasis in hyperplastic models that bear some resemblance to
AD (49,50). Prior studies on EFAs in the treatment of AD should be reevaluated
in the light of their status as potential PPARa activators.

VI. BARRIER REPAIR STRATEGIES IN ATOPIC
DERMATITIS

Most treatment strategies for AD, such as corticosteroids, tacrolimus, and
cyclosporine, are aimed primarily at the immunogenic abnormalities in AD.
These approaches generally result in an improvement repair of barrier function
that parallels the clinical response. Similarly, treatment with UV light reduces
the content of inflammatory cells and also improves barrier function in AD. A
commonly employed therapeutic strategy in AD is the use of topically applied
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VII. RELATIONSHIP OF EPIDERMAL BARRIER
DYSFUNCTION TO THE PATHOGENESIS OF ATOPIC
DERMATITIS

Ogawa and Yoshiike (80) published an interesting account of the pathogenesis
of AD. They speculated that the broad clinical spectrum of AD cannot be ex
plained simply by allergy or immunological abnormalities, suggesting instead
a primary role for barrier dysfunction in disease pathogenesis. They consider
immunological abnormalities and mucocutaneous barrier dysfunction as two ma-

cremes and ointments aimed at increasing SC hydration. Creams and ointments
contain lipids or lipid-like substances, such as hydrocarbons (petrolatum), long
chain alcohols, free fatty acids, cholesterol esters, and triglycerides. The effects
of topical treatment with ointments in AD has been examined in several studies.
Aalto-Korte (1) evaluated parallel changes in skin barrier function, assessed as
TEWL and percutaneous absorption of hydrocortisone, during treatment of AD.
Aalto-Korte found a rapid improvement in skin barrier function during treatment
and that TEWL changes reflect decreased systemic absorption of topical hydro
cortisone (1).

However, the described effect could be related to either the emollient or
co-applied hydrocortisone. Therefore, the effect of moisturizing creams on barrier
function in AD is still controversial. Improvement in skin barrier function in
patients with AD after treatment (54) as well as unchanged water barrier function
(98) has been described. Because it has been shown that lipid composition in
AD is reduced, topical applied lipids and hydrocarbons may interfere with the SC
permeability barrier. It has been shown that hydrocarbons (petrolatum) enhanced
permeability barrier repair after artificial disruption by intercalating into the extra
cellular lamellar membranes of the SC (36). In contrast, a physiological mixture
containing free fatty acid, cholesterol, and ceramides penetrate a disrupted SC,
reaching the nucleated epidermal cell layers, followed by uptake into keratino
cytes, and release into nascent lamellar bilayers in the SC interstices (55). This
strategy recently was applied to the therapy of stubborn-to-recalcitrant childhood
AD (12). A phase I trial of ceramide-dominant barrier repair moisturizer in child
hood AD significantly reduced severity scoring of AD, normalized TEWL rates,
and improved SC integrity in children with recalcitrant AD. TEWL levels de
clined significantly at both 3 and 6 weeks in involved skin vs. pretreatment mea
surements and almost normalized in adjacent, uninvolved skin by 6 weeks. In
contrast, hydration improved more slowly. Finally, electron microscopy of tape
stripped SC showed significant replenishment of lamellar membrane bilayers in
SC treated with the ceramide-dominant mixture (12). Further controlled studies
are needed to validate this approach in the therapy of AD.
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jor but linked manifestations of atopy or AD. Besides the skin, barrier dysfunction
may be operative in the mucous membranes of the nose, the lung, and the gut
leading to rhinitis, asthma bronchiale, or type 1 allergy. A mucocutaneous barrier
defect would readily allow penetration of multiple antigens or haptens. Repeated
encounters with allergens would induce not only tolerance, but also nonspecific
hypersensitivity leading to enhancement of the allergic inflammation. Further
more, an allergic inflammation stemming from the immunological abnormalities
would further degrade barrier function. This sequence would result in a "vicious
circle," which could be the most important contributor to the pathogenesis of
AD and probably of other atopic diseases, as well. The increased frequency of
positive patch tests to house dust mite antigens in patients with AD suggests
enhanced percutaneous absorption of macromolecules, indirectly supporting this
hypothesis (2,70). Deteriorated mucosal barrier function is another important is
sue: following ingestion of egg or milk, greater amounts of protein antigen appear
in the circulation of subjects with AD than in controls (82). Possible explanations
for such a phenomenon include either increased intestinal permeability or mal
digestion. Increased permeability of the gut wall has been reported in AD
(83,102) but is still considered controversial (5,82).

Ogawa and Yoshiike (80) admit that most observers consider the barrier
defect to result from the underlying inflammation. It is difficult to determine
whether barrier dysfunction is a primary initiator or only a secondary event that
participates in the vicious circle. Even in the normal-appearing skin of atopics,
injuries sustained by scratching lead to eczematous dermatitis and enhanced pene
tration of allergens. Therefore, among allergy, immunological abnormalities, and
barrier dysfunction/biochemical abnormalities, we are unable to confirm which
is the initiator of AD. However, the recent increase in incidence of AD is also
explained by barrier dysfunction: alterations of life-styles, such as excessive use
of soaps or shampoos, and residuals of detergents or rinses in clothes, appear to
enhance skin barrier dysfunction and irritability of skin (25,26,33). Environmen
tal antigens, i.e., house dust mites and pollens, are increasingly available to pene
trate the skin due to air conditioning, poor ventilation, and changes in levels of
hygiene (4). Finally, too early feeding of animal proteins to babies also could
allow more opportunities for antigen penetrations through intestinal barriers (82).

Mar et al. (56) observed that some patients never accommodate to either
occupational or topical irritants and that many of these individuals are in fact
atopics. For example, a large proportion of Asians from south Asia are atopics,
but their disease may be masked by the high ambient humidity of parts of the
Pacific Rim (16,56). Conversely, these subclinical atopics often develop cutane
ous symptoms when they are geographically displaced to cool, temperate loca
tions. Since atopics display abnormal barrier function, even in clinically unin
volved skin (95), it can be assumed that a barrier-initiated cytokine cascade is
always operative. Taieb (99) speculated that some common genetic polymor-
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phism, causing a functional impainnent of the epidennal barrier in the first month
of age, could increase the probability of being sensitized to allergens and espe
cially to "atopens." At least two genetic epidermal disorders associated with an
increased prevalence of AD could be considered as good candidates. Ichthyosis
vulgaris is an autosomal dominant disorder linked to defective filaggrin expres
sion in the epidermis. This condition occurs in association with about 4% of AD
cases. However, the distinction of this phenotype from AD alone can be blurred
because of the overlapping phenotypes, so that the true rate of association is
unclear. The known maternal effect of the inheritance of AD might be associated
with a predisposing gene on the X chromosome. X-linked hypohydrotic ectoder
mal displasia is associated with a very high frequency with mild atopic dennatitis
and asthma (96). Also, Wiskott-Aldrich syndrome, an X-linked disorder (affect
ing only boys), according to its standard clinical definition, involves immunode
ficiency, low blood platelet levels, and eczema. Eczema closely resembles atopic
dennatitis and is prone to eczema herpeticum. Wiskott-Aldrich patients have rela
tively intact immune systems. Their immune cells attack certain antigens but no
others, suggesting a possible defect in antigen presentation or processing (79,96).

Some years ago Williams (109) stated that we should look to the environ
ment to explain atopic eczema. One possible explanation for the threefold in
crease in the prevalence of eczema over the past 30 years could be that changes
in the indoor climate as a result of central heating and better insulation have
increased children's exposure to allergens such as house dust mite. It has been

Figure 1 Relationship of epidermal barrier dysfunction to the pathogenesis of atopic
dermatitis.
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shown that reduction of indoor humidity reduces house mite content (4). It is

feasible also that exposure to low-grade irritance and atmospheric indoor pollu

tion makes children vulnerable to sensitization (109) (Fig. I).
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Mechanisms of Allergic Skin
Inflammation
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Swiss Institute of Allergy and Asthma Research (SIAF), Davos,
Switzerland

I. INTRODUCTION

Recent investigations have greatly increased our understanding of immunological
mechanisms involved in the pathogenesis of atopic dermatitis (AD) (Fig. 1). The
mononuclear cellular infiltrate in lesional skin of AD is mainly constituted of CD4+

T cells and to a lesser extent CD8 + T cells. T cells are activated by aeroallergens,
food antigens, autoantigens and bacterial superantigens in AD. They are under the
influence of skin-related chemokine network and they show skin-selective homing.
Epidermal Langerhans cells and dermal dendritic cells are able to activate allergen
specific T cells through allergen-specific IgE-antibodies bound to Fc receptors for
IgE (FcrRI and FcrRII). This leads to continuous stimulation of T cells in the skin.
T cells play important roles in AD with induction of hyper IgE, eosinophil survival.
In addition activated T cells induce keratinocyte apoptosis as a key pathogenetic
event in the formation of eczema. To mediate these effector functions after skin
specific homing, activated T cells show continuous survival in the skin. Apoptosis
of activated T cells (activation-induced cell death) is prevented by cytokines and
extracellular matrix components in the eczematous skin.

II. T-CELL ACTIVATION IN ATOPIC DERMATITIS

A. Mechanisms of CD4+ and CD8+ T-Cell Activation

T cells constitute a large population of cellular infiltrate in atopic dermatitis, and
a dysregulated, cytokine-mediated immune response appears to be an important
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Figure 1 Mechanisms of T cell mediated allergic inflammation in atopic dermatitis. T
cells are activated by aeroallergens, food antigens, autoantigens and bacterial superanti
gens. They are under the influence of skin related chemokine network and they show
skin-selective homing. In the skin they show increased survival and they are continuously
stimulated. Activated T cells induce keratinocyte apoptosis as a key pathogenetic event
in the formation of eczema.
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pathogenetic factor. Numerous studies pointed to the role of activated CD4 + T
cells in atopic dennatitis and other allergic inflammatory diseases (1). Systemic
activation of T cells in AD is supported by the observation that these patients
possess increased numbers of activated cutaneous lymphocyte-associated antigen
(CLA)-bearing T cells in the circulation and increased levels of serum L-selectin,
a marker for leukocyte activation correlating with AD disease severity (2-4).
Dermal cellular infiltrate in AD mainly consists of CD4 + and CD8 + T cells with
a CD4/CD8 ratio similar to peripheral blood levels (5,6). In recent studies,
CD8 +CLA + T cells were demonstrated to be as potent as CD4 +CLA + T cells in
induction of IgE and inhibition of eosinophil survival (5,6).

A number of pathogenetic mechanisms leading to T-cell activation in AD
including aeroallergens, food allergens, and superantigens have been emphasized.
The role of aeroallergens in T-cell activation in AD has been extensively studied
(7,8). Aeroallergens can induce both inunediate-type and delayed-type responses
in the skin (8). The frequency of aeroallergen-specific T cells was investigated
in AD lesions, and they were found to be less than 1% in nonchallenged AD
lesions (9). Besides, such allergen-specific T cells can be detected in the skin of
atopic patients after allergen administration without any signs of AD lesions (l0).
The contribution of food allergens in the exacerbation of AD by T-cell activation
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has also been demonstrated (11). Nonnally allergen-specific T-cell responses in
food and aeroallergen allergy are confined to CD4 + T cells. This, however, may
not explain the activation and recruitment of CD8 + T cells in AD skin lesions.
It is known that bacterial superantigens can interact with certain V~ elements of
the TCR leading to activation, expansion, anergy, or deletion of T cells. It is
evident from mouse studies that superantigen response of T cells is not restricted
to CD4 + T cells. CD8 + T cells (12) and even CD4 - CD8 - T cells can respond
to superantigenic stimuli (13). This may explain the existence and activation of
CD8+ T cells in eczema lesions and their contribution to IgE production and
eosinophil survival and development, chronicity, and exacerbation of AD (5,6).

Another widely supported view is that dennal dendritic cells and epidermal
Langerhans cells display an abnonnal hyperstimulatory function for T cells, in
addition to lL-12 and IL-18 production. IgE FCERI and FCERII (CD23) are upreg
ulated in COla-positive cells in AD. COla is a marker of dennal dendritic cells
and Langerhans cells (14). Their role in IgE-facilitated antigen presentation and
T-cell activation will be discussed below.

B. Role of Superantigens in T-Cell Activation in Atopic
Dermatitis
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From a number of studies it can be concluded that bacterial superantigens contrib
ute to the pathogenesis and exacerbation of AD. Staphylococcal superantigens
were isolated from AD skin (15). Superantigen patch test elicits skin inflamma
tion in AD patients (16) and in human severe combined immunodeficiency mouse
model (17). In addition, specific IgE antibodies to bacterial superantigens exist
in AD (18). It was also demonstrated that CD8 + T cells isolated from skin or
CLA +CD8 + T cells isolated from peripheral blood efficiently proliferate by su
perantigenic stimulation (5). Furthennore, purified CD4 + or CD8+ T cells cul
tured from skin biopsies secrete high IL-5 and IL-13 by staphyloccoccal entero
toxin B (SEB) stimulation (5). Induction of CLA expression by superantigens
may play an important role in the pathogenesis of AD, which is associated with
superantigen-producing staphylococci (19). Staphylococcal superantigens se
creted at the skin surface may penetrate the inflamed skin and stimulate epidennal
macrophages or Langerhans cells to produce lL-I, TNF, and lL-12. Superantigen
stimulated Langerhans cells may migrate to skin-associated lymph nodes and
serve as APe. They can upregulate the expression of CLA by lL-12 production
(19,20) and alter the functional profile of virgin T cells. Moreover, superantigens
presented by keratinocytes, Langerhans cells, and macrophages can stimulate T
cells in the skin. This second round of stimulation is able to induce CLA expres
sion (21). Local production of IL-I and TNF may induce E-selectin on vascular
endothelium, allowing an initial migration of CLA + memory/effector cells (22).
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C. Cytokine Profile of Activated T Cells in AD

Elevated IgE levels and eosinophilia in AD suggest increased expression of Th2
type cytokines (23). The majority of allergen-specific T cells derived from skin
lesions that have been provoked in AD patients by epicutaneous allergen applica
tion or peripheral blood skin homing T cells produce predominantly Th2 cyto
kines such as lL-4, IL-5, and IL-13 (2,3,5,24). Previously, such polarized Th2
cytokine pattern was regarded as a specific feature reflecting immune dysregula
tion in AD. However, current studies demonstrate that IFN-y predominates over
IL-4 in chronic skin lesions and older patch test reactions in AD, whereas IL-5
and IL-13 still remain at high levels (6,9,25,26). A number of factors may be
involved in increased IFN-y in older skin lesions. lL-12 produced by Langerhans
cells, eosinophils, and keratinocytes appears to be a predominant mediator for
the induction of lFN-y in T cells after homing to skin (20,27,28). Furthermore,
IL-18 produced in the microenvironment of skin may act in parallel to IL-12 (29).
Characterization of the cells in the afferent skin-derived lymph from healthy
individuals demonstrated the dominance of a type I cytokine profile with IFN
I' in T cells and lL-12 in dendritic cells (30). Such studies performed in AD
patients may further help to understRnd the immune regulation mechanisms. An
other widely supported view is that dermal dendritic cells and epidermal Langer
hans cells display an abnormal hyperstirnulatory functions for T cells in addition
to their lL-12 and IL-18 production. IgE Fc£Rl and Fc£RII (CD23) are upregu
lated in COla-positive cells in AD (14).

D. The Role of IgE-Facilitated Antigen Presentation in
T-Cell Activation in Atopic Dermatitis
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The immune response to foreign proteins strongly depends on the efficiency and
selectivity of antigen uptake by antigen-presenting cells (APC). Kehry and Ya
mashita have shown that IgE bound to CD23 on mouse B cells may be used to
focus antigen to T cells (31). This finding initialized the understanding of focused
antigen presentation via IgE receptors. Previously, the high-affinity receptor for
IgE was believed to be present on mast cells and basophils. This was followed
by the recent demonstration of IgE RI and Langerhans cells, eosinophils, and
epidermal cells (14,32,33). Low-affinity IgE receptor (CD23) has a widespread
cellular distribution (34). Both types of IgE Fc receptors are thought to play
a role in IgE-mediated antigen presentation (35-38). This mechanism operates
selectively at low doses of alJergens, and the presentation of extremely low doses
of alJergen to CD4 + T lymphocytes is greatly enhanced by IgE-facilitated antigen
presentation (38,39). Blocking IgG antibodies in IgG-containing serum fractions
induced by specific immunotherapy (SIT) of birch pollen allergy inhibits the IgE
facilitated antigen presentation at very low alJergen concentrations (39). Accord-
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ingly, IgE acts as an immunoglobulin specialized in antigen capture or antigen
focusing. Especially in extrinsic type of atopic dermatitis, the presence of high
levels of specific IgE in serum and CD23 on APC (activated B cells) (6), together
with Fc£RI expressing APC (Langerhans cells in the skin) (14), may strongly
contribute to the overstimulation of the allergen-specific immune responses.

Capture of antigens via surface IgE and signal transduction through IgE
cytoplasmic chain were shown as crucial events in specific IgE responses (40).
Clinical trials with a neutralizing nonanaphylactogenic anti-IgE mAb treatment
have demonstrated an inhibition in bronchial late phase responses and decreased
the number of eosinophils in sputum of allergic asthma patients (41). Correspond
ingly, the production of IL-4 and IL-5 and lung eosinophilia in house dust mite
sensitized mice is inhibited by anti-CD23 or anti-IgE mAb treatment (42). More
over, studies perfonned using anti-CD23 mAb and CD23-deficient mice suggest
that IgE-mediated antigen presentation playa major role in Th2 cytokine produc
tion and lung eosinophilia (42). The recent development of humanized anti-IgE
antibodies may also offer the possibility of reduced IgE-facilitated antigen pre
sentation (43). However, elimination of IgE may not be adequate in individuals
with persisting T-cell-mediated inflammation, because in animal models of AD,
allergic inflammation of the skin was elicited to the same extent in wild-type and
IgE knockout mice (44).

III. SKIN-SELECTIVE T-CELL HOMING IN ATOPIC
DERMATITIS

Skin represents a functionally distinct immune compartment, and location of the
allergic/inflammatory disease in the skin is determined by tissue compartmental
ization of the immune response. This is controlled by the expression of chemo
kines and chemokine receptors, the expression of skin-selective homing ligand,
and the route of allergen/superantigen sensitization. The great majority of T cells
homing to the skin is of the CD45RO+ memory/effector phenotype and express
the selective skin homing receptor, CLA (45). The CLA epitope is characterized
by specific binding to the monoclonal antibody HECA-452 (45). CLA binds to
its vascular counter receptor, E-selectin (CD62E), which is expressed on inflamed
superficial dennal postcapillary venules and endothelial cells (46). CLA +
CD45RO+ T cells migrate across activated endothelium using CLA/E-selectin,
VLA-4/VCAM-l, and LFA-l /ICAM-l interactions (47). In addition, CLA is ex
pressed by the malignant T cells of chronic-phase cutaneous T-cell lymphoma
(mycosis fungoides and Sezary syndrome), but not by non-skin-associated T-cell
lymphomas (45). In both AD and contact dermatitis, T cells specific to skin-related
allergens are confined to the CLA + T-cell population (3). The CLA + memory/
effector cells demonstrate typical features of in vivo activation in AD (2). Freshly
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isolated, unstimulated CLA + T cells show significantly higher levels of CD25
(LL-2 receptor-a chain), CD40-ligand, and HLA-DR expression. Additional evi
dence for in vivo activation of CLA + T cells appears from the spontaneous prolif
eration immediately after purification without further activation. CLA + T cells
contain and spontaneously release high amounts of preformed IL-5 and IL-13 but
only very little IL-4 and IFN-y in their cytoplasm as demonstrated by intracellular
cytokine staining immediately after purification (2,5). Moreover, CLA + memory/
effector T cells induce IgE production by B cells and enhance eosinophil survival
by inhibiting eosinophil apoptosis in AD (2,5). In contrast, the CLA - population
represents a resting memory T-cell fraction, induces rather IgG in B cells, and
does not show any effect on eosinophil survival and apoptosis (2,5).

The CLA epitope consist of a sialyl-Lewis x carbohydrate and corresponds
to a posttranslational modification of the P-selectin glycoprotein ligand I (PSGL
I) (48). The generation of CLA on T cells undergoing naive to memory transition
in skin-draining lymph nodes requires a(1,3)-fucosyltransferase (FucT-VlI) ac
tivity (48,49). Thus, CLA expression predominantly reflects the regulated activity
of the glycosyltransferase, FucT-VII (48,49). Recent studies in mice suggest that
adaptively transferred Thl cells are preferentially recruited to cutaneous DTH
reactions compared with Th2 cel Is (50). In addition in vitro differentiated Th 1
but not Th2 cells have been shown to bind E-selectin, and expression offunctional
selectin ligands is upregulated by IL-12 and inhibited by IL-4 by opposite effects
on FucT-VII gene expression in mice (21,51,52). We have demonstrated that the
skin-selective homing ligand expression is regulated by the same mechanisms in
both CD4 + and CD8 + T cells (53). The CLA molecule was expressed on Th 1
cells during the differentiation process (21,51-53). More importantly, CLA can
be induced on Th2 cells by T-cell stimulation with bacterial superantigen and/
or lL-12 challenge (53). These Th2 cells demonstrate the same cytokine profile
as the T cells found in skin biopsies and in peripheral blood of atopic dermatitis
patients. They show high IFN-y, IL-5, and IL-13 production with very little or
no IL-4 production (6,24,54,55). By IL-12 stimulation, CLA could be expressed
on the surface of bee venom phospholipase A2-specific Thl, Th2, ThO, and T
regulatory 1 clones, representing non-skin-related antigen-specific T cells (53).
In addition, CLA could be reinduced on T cells that had lost CLA expression upon
resting (53). Apparently, skin-selective homing is not restricted to functional and
phenotypic T-cell subsets.LL-12 and/or superantigen responsiveness, such as cer
tain T-cell receptor variable ~ chain expression or IL-12R~ expression, act as
factors that control CLA expression on T cells.

Mechanisms that control infiltration of inflammatory cells into AD skin have
been intensely investigated. Recently, cutaneous T-cell-attracting chemokine

IV. CHEMOKINE NETWORK IN THE SKIN
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CTACK/CCL27 and its receptor CRP-2/CCR 10 were demonstrated to playa
role in preferential attraction of CLA + T cells to the skin (56,57). CTACK is
predominantly expressed in the skin and selectively attracts a tissue-specific sub
population of memory lymphocytes. It is also reported as ALP in mouse. The
terms "Eskine" and "I LC" were also used for the same chemokine (56), desig
nated as CCL27 in the new systematic chemokine nomenclature. CTACK is con
stitutively expressed in mouse skin. suggesting that other mechanisms of che
moattraction during flares of AD must exist. In a mouse model of AD, the
Th2-selective chemokine, the thymus and activation-regulated chemokine
(TARC), is selectively induced by mechanical injury. NC/Nga mice spontane
ously develop atopic dennatitis-like lesions, and TARC is highly expressed in
the basal epidermis with lesions. whereas it is not expressed in the skin without
lesions (58). Similarly. the expression of macrophage-derived chemokine (MDC)
was increased severalfold in the mouse skin with atopic dennatitis-like lesions
(58).

Eotaxin is a CC chemokine and a potent activator of human eosinophils,
basophils. and Th2 cells via the chemokine receptor CCR3. Immunohistological
staining and mRNA of eotaxin and its receptor CCR3 have been found signifi
cantly increased in lesional skin from AD but not in nonatopic controls. No sig
nificant difference in the expression of MCP-3, MIP-Ia, and interleukin-8 has
been observed between skin samples from AD patients and nonatopic controls
(59).

IL-16 is a cytokine with selective chemotactic activity for CD4 + T cells.
An in situ hybridization study for IL-16 mRNA has demonstrated positive signals
for IL-16 both in the basal layer of epidermis and in the dermis of AD skin
samples (60). In addition, the numbers of epidermal and dermal IL-16 mRNA +

cells were found significantly increased in acute in comparison to chronic AD
skin lesions (60). Furthermore. the same study demonstrated that upregulation
of IL-16 mRNA expression in acute AD was associated with increased numbers
of CD4 + cells. These results suggest that IL-16 may playa role in initiation of
skin inflammation (60).

Transendothelial migration of skin-homing T cells was studied by Santama
ria Babi et al. They used a bilayer vascular construct consisting of a fibroblast
matrix underneath an activated endothelial cell monolayer (47,61). Transmigra
tion studies through IL-I ~- and TNF-a-activated endothelium demonstrated that
IL-8 and IL-8 receptor B were selectively involved in the enhanced transendothe
lial migration of CLA + T cells (61). Together these studies on chemokine network
for skin homing of T cells demonstrate a complex system of different chemokines
and chemokine receptors during different disease stages and for different T-cell
subsets. The involvement of epidermal keratinocytes in the skin-homing process
by releasing chemotactic substances requires further investigation. Similarly, the
role of dendritic or Langerhans cells in the generation of a chemokine network
in the skin is not yet clearly elucidated.
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v. EFFECTOR MECHANISMS IN ATOPIC DERMATITIS

A. The Role of IL-5 and IL-13 in Atopic Dermatitis

Although most patients with AD show high concentrations of total and allergen
specific IgE in blood and skin, some of them express normal IgE levels and show
no allergen-specific IgE antibodies. The diagnostic criteria of AD by Hanifin and
Rajka (62) can be fulfilled also in the absence of elevated total IgE and specific
IgE to food or environmental allergens. This suggests that elevated IgE levels
and IgE sensitization are not prerequisites in the pathogenesis of the disease.
The subgroup of AD patients with normal IgE levels and without specific IgE
sensitization has been termed the nonaJlergic form of AD (NAD), nonatopic ec
zema, non-AD or intrinsic-type AD (6,63). Recent data suggest that T cells are
likely involved in the pathogenesis of AD and NAD. CD4 + and CDS + subsets
of skin-infiltrating T cells as well as skin-homing CLA + T cells from peripheral
blood responded equally to superantigen, SEB, and produce IL-2, IL-5, IL-13,
and IFN-y in both forms of the disease (5,6). Interestingly, skin T cells from AD
patients express higher IL-5 and IL-13 levels compared to NAD patients. Thus,
T cells isolated from skin biopsies of AD, but not from NAD, induced high IgE
production in cocultures with normal B cells that is mediated by IL-13. In addi
tion, B-cell activation with high CD23 expression is observed in the peripheral
blood of AD, but not NAD patients (6). These findings suggest a lack of IL-13
induced B cell activation and consequent IgE production in nonatopic eczema,
although high numbers of T cells are present in lesional skin of both types (6).
More importantly, IL-4 and IL-13 neutralization in B-cell cocultures with periph
eral blood CLA + skin-homing T cells or skin-infiltrating T cells demonstrated
that IL-13 represents the major cytokine for induction of hyper-IgE production
in AD (2,5,6).

Cytokine determinations from peripheral blood CLA + T cells and skin bi
opsies of AD patients show increased IL-5 expression (5,6,24). Accordingly, su
pernatants from CLA + T cells of both CD4 + and CDS + subsets extend the life
span of freshly purified eosinophils in vitro, whereas supernatants of CLA - T
cells do not influence eosinophil survival. Neutralization of cytokines demon
strated the predominant role of CLA + T-cell IL-5 in prolonged eosinophil sur
vival in AD (5).

Although the death of certain cells can lead to functional deficiencies, prolonged
survival of some effector cells can cause tissue injury and playa role in the
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B. Dysregulated Apoptosis Is a Key Pathogenetic Factor
in AD

1. Dysregulated T-Cell Apoptosis in AD
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pathogenesis of disease (64). Cell death by apoptosis is a tightly regulated procesJ
that enables removal of unnecessary, aged, or damaged cells. During apoptosis
a complex death program is initiated that ultimately leads to phagocytosis of the
apoptotic cell. One way to induce apoptosis is by triggering a family of transmem
brane proteins called death receptors, of which Fas (CD95) may be the most
important (65).

To ensure self-tolerance and downregulation of an immune response, the
elimination of T cells takes place in the periphery and involves induction of
apoptosis (66). During the development of the immune response, T cells are stim
ulated by antigens presented by antigen-presenting cells that leads to T-cell acti
vation and clonal expansion. Some of the activated T cells die by activation
induced T-cell death (AICD) under certain conditions (67). AICD is thought to
play an important role in maintaining homeostasis of the immune response and
prevention of excessive immune reactivity. Activated T cells can kill themselves
(suicide) and other cells in the environment in a fratricidal way (68-70).

Differences in control of life span was observed between peripheral blood
CLA + T cells and T cells infiltrating the eczema lesions. In peripheral blood of
AD patients both CD4 + and CD8+ subsets of CLA +CD45RO+ T cells expressed
upregulated Fas and Fas ligand and underwent spontaneous activation-induced
cell death (AICD). CLA -CD45RO+ T cells are in a resting state, do not express
Fas and Fas ligand, and are resistant to anti-Fas mAb-induced apoptosis (71). In
contrast, T cells infiltrating the skin of AD patients expressed both Fas and Fas
ligand; however, they showed no signs of apoptosis. Apoptosis of CLA +
CD45RO+ T cells is inhibited by IL-2, IL-4, and IL-15 as cytokines; fibronectin,
tenascin, laminin, and collagen IV as extracellular matrix proteins (ECM); and
transferrin demonstrating a multifactorial survival of skin infiltrating T cells in
the tissue (71). Together, these results demonstrate the control of in vivo activated
skin-homing T-cell numbers in peripheral blood with increased apoptosis; in con
trast, T-cell apoptosis is prevented by cytokines and extracellular matrix compo
nents in the eczematous skin.

Inflammatory cells reside in a protein network in the tissues, the extracellu
lar matrix (ECM), which exerts a profound control over them. The effects of
ECM are primarily mediated by integrins, a family of cell surface receptors that
attach cells to the matrix and mediate mechanical and chemical signals from it.
Many ECM signals converge on cell cycle regulation, directing cells to live or die,
to proliferate or to differentiate. Integrins can recognize several ECM proteins;
conversely, individual ECM proteins can bind to several integrins (72). Most
recent studies have concentrated on signaling pathways activated by integrins in
adherent cells. Adherent cells must be anchored to an appropriate ECM to survive
(73). During inflammation, leukocytes migrate into the affected tissue interacting
with extracellular matrix proteins. Cell adhesion to the ECM has been implicated
in protection from apoptosis in anchorage-dependent cell types. Apparently, inte-
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grin signaling by ECM represents an important survival signal in T cells, although
they do not require anchorage in the tissues. Integrins activate various proteinl
tyrosine kinases, including focal adhesion kinase (FAK), Src family kinases, Abd
a serine threonine kinase, and integrin-linked kinase (74,75). In AD skin T cellsl

express both Fas and Fas ligand, but they are resistant to apoptosis. FAK appearsl
to playa major role in conveying survival signals from the ECM (76). Because

lFAK binds to phosphatidylinositol, 3(Pl3)-kinase and the protective effect agains~
apoptosis may be the result of PI3-kinase-mediated activation of protein kinase
B (77).

In addition to ECM proteins, IL-2, IL-4, and IL-15 also prevent T-cell
apoptosis (71). The common yc-chain is an essential signaling component shared
by ll-2, IL-4, and IL-15 receptors as well as all other known T-cell growth factor
receptors. Interleukin-l5 shares many biological activities with IL-2 and signals
through the IL-2 receptor beta and gamma chains (78). However IL-15 and IL
12 differ in their controls of expression and secretion, their range of target cells,
and their functional activities. IL-2 induces or inhibits T-cell apoptosis in vitro
depending on T-cell activation, whereas IL-l5 inhibits cytokine deprivation-in
duced apoptosis in activated T cells (65). Furthermore, blocking the yc-chain in
mice inhibits T-cell proliferation and induces T-cell apoptosis, which induces
stable allograft survival (79).
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2. Dysregulated Keratinocyte Apoptosis in Atopic Dermatitis

The histological hallmark of eczematous disorders is characterized by a marked
keratinocyte pathology. Spongiosis in the epidermis is identified by impairment
or loss of cohesion between KC and the influx of fluid from dermis, sometimes
progressing to vesicle formation. A recent study by Trautmann et al. delineated
activated skin-infiltrating T-cell-induced epidermal keratinocyte apoptosis as a
key pathogenic event in eczematous disorders (80). IFN-yreleased from activated
T cells upregulates Fas (CD95) on keratinocytes, which renders them susceptible
to apoptosis. When the Fas number on keratinocytes reaches a threshold of ap
proximately 40.000 Fas molecules per keratinocyte, the cells become susceptible
to apoptosis. Keratinocytes exhibit a relatively low threshold for IFN-y-induced
Fas expression (0.1-1 ng/mL). This requirement is substantially achieved by low
IFN-y-secreting T cells that also produce high amounts of IL-5 and IL-13 and
thereby contribute to eosinophilia and IgE production (80). The lethal lut is deliv
ered to keratinocytes by Fas ligand expressed on the surface of T cells that invade
the epidermis and soluble Fas ligand released from T cells. In these studies, the
involvement of cytokines other than IFN-y was eliminated by experiments with
different cytokines and anti-cytokine neutralizing antibodies. In addition,
apoptosis pathways other than the Fas pathway were ruled out by blocking T
cell-induced keratinocyte apoptosis with caspase inhibitors and soluble Fas-Fc
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skin and patch test lesions of both atopic dermatitis and allergic contact derma
titis. Exposure of normal human skin and cultured skin equivalents to activated
T cells demonstrated that keratinocyte apoptosis caused by skin infiltrating T
cells represent a key event in the pathogenesis of eczematous dermatitis (80).

Although allergic contact dermatitis and drug-induced skin rashes are not
related to atopic dermatitis, the mechanism of epidermal injury should be men
tioned because of histopathological similarities. An exaggerated T-cell response
to small molecular weight haptens plays a role in allergic contact dermatitis.
Traidl et al. demonstrated that keratinocytes could be the target of multiple hap
ten-specific cytotoxic T-cell responses, which playa role in epidermal injury
during allergic contact dermatitis (81). They found that both nickel-reactive
CD4 + and CD8+ T cells were exclusively cytotoxic against resting keratinocytes
and that IFN-y treatment rendered keratinocytes susceptible to Thl cytotoxicity.
In addition, both Fas and perforin pathways playa role in keratinocyte killing
(81). T-cell-mediated cytotoxicity against keratinocytes has also been studied in
sulfamethoxazol-induced skin reactions (82). Sulfamethoxazol-specific CD4 +
and CD8+ T cells expressed high perforin, and IFN-y-pretreated keratinocytes
were predominantly killed by CD4 + T cells (82).

These studies demonstrate that both CD4 + and CD8 + T cells may playa
role in keratinocyte injury according to their activation status. A direct contact
of T cell with keratinocyte is not always required, and soluble Fas ligand released
from activated T cells can also induce keratinocyte apoptosis if keratinocytes
are susceptible to apoptosis. IFN-y appears to be a decisive cytokine to render
keratinocytes susceptible to apoptosis (80-82). Recent mice studies also provide
evidence for the role of IFN-y in eczema formation. IFN-y knockout mice show
significantly decreased allergic eczema formation (44), and transgenic mice ex
pressing IFN-y in the epidermis spontaneously developed eczema (83).

VI. CONCLUSION

Activation and skin-selective homing of peripheral blood T cells and effector
functions in the skin represent sequential immunological events in the pathogene
sis of atopic dermatitis (Fig. 2). The CLA molecule represents a homing receptor
involved in selective migration of memory/effector T cells to the skin. CLA is
expressed on Th 1 cells during the differentiation process and can be induced on
Th2 cells by stimulation with bacterial superantigen and/or fL-12. Both CD4 +
and CD8 + T cells bearing CLA represent activated memory/effector T-cell sub
sets in peripheral blood of AD patients. They induce IgE mainly by IL-13 and
prolong eosinophil life span mainly by IL-5. A chemokine network involving T
cells, dendritic cells, and keratinocytes control infiltration of inflammatory cells

MARCEL DEKKER, INC.~
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Figure 2 Immune effector mechanisms in atopic dermatitis. T cells infiltrating the skin
are CD45RO+ and use CLA and other receptors to recognize and cross the endothelium. In
the peripheral blood of AD patients, both CD4+ and CDS+ subsets ofCLA+ CD45RO+ T
cells are in an activated state (CD25+, CD40L +, HLADR f). They express Fas and Fas
ligand and undergo activation-induced apoptosis. In contrast, T cells infiltrating the skin
of AD patients-despite expressing both Fas and Fas ligand-do not show any apoptosis,
because they are protected from apoptosis by cytokines and ECM proteins. These T cells
secrete IFN-y, which upregulates Fas on keratinocytes and render them susceptible to
apoptosis in the skin. Keratinocyte apoptosis is induced by Fas ligand expressed on the
surface of activated T cells or released to microenvironment. Both CD4 + and CDS+ T
cells isolated from skin or CLA + CD45RO+ T cells from peripheral blood secrete high
levels of IL-5 and IL-13 and therefore are capable of prolonging eosinophil life span and
inducing IgE production.
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into AD skin. Dysregulated apoptosis in skin-infiltrating T cells and epidermal
keratinocytes contributes to the elicitation and progress of atopic dermatitis. Acti
vation-induced T-cell apoptosis plays a role in the control of circulating skin
homing memory/effector T-cell numbers in peripheral blood. In contrast, T-cell
apoptosis is prevented by cytokines and extracellular matrix components in the
eczematous skin to form dermal T-cell infiltrates and mediate effector functions.
These activated T cells induce keratinocyte apoptosis via the Fas-dependent path
way representing a key pathogenetic factor in the formation of eczematous le
sions. In this context, future studies for treatment of AD should be directed to
T cells by inhibition of various modes of activation, inhibition of skin homing,
and inhibition of certain cytokines/chemokines that playa role in the pathogene
sis. The knowledge of the molecular basis of dysregulated apoptosis is pivotal
in understanding the pathology in AD and may lead to more focused therapeutic
applications in the future.
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Atopic dennatitis (AD) is a chronically relapsing inflammatory skin condition,
exhibiting a variety of unique features (Table 1) (l ,2). Over the last few decades,
great advancement has been achieved in revealing the inflammatory components
of the disease. By histology, acute lesions are characterized by disease: nonspe
cific acanthosis, para- and hyperkerathoses, and spongiosis (3). Macroscopically,
the lesions are characterized by pruritic erythematous excoreated papules.
Chronic inflammatory lesions are defined by the presence of lichenification and
dry and fybrotic papules.

Lesions are present on characteristic anatomical sites. Childhood AD usu
ally involves the scalp, cheeks, and extensor surfaces of the extremities. In older
patients, AD lesions are most commonly localized in the antecubital and popliteal
f1exoral areas.

Many cellular components of the immune system exhibit striking abnor
malities in phenotype and function depending on disease activity. Immunohisto
logical analysis of AD lesions reveal the presence of a mononuclear cell infiltrate
predominantly consisting of activated macrophages and CD4+ T cells expressing
HLA-DR and CD45 RO (4-6). Although morphologically intact eosinophjls are
present only in small numbers, eosinophil-derived major basic protein and eosino
phil cationic protein in the dermis are deposited (7,8). These data suggest an
important role for eosinophils in this condition. Cutaneous mast cells are in
creased in numbers and show marked degranulation reflecting activation of these
cells. Extensive elevation of serum IgE is present in about 80% of all AD patients
(9). Since regulation of IgE production and several important aspects of the biol-
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Table 1 Key Features of Atopic Dennatitis

Skin inflammation
Acute (pruritic, erythematous, excoriated papules)
Chronic (lichenification, dry and fribrotic papules)
Acanthosis, para-hyperkerathosis, spongiosis

Pruritus (itching-scratching cycle)
Cutaneous hyperreactivity
Elevated IgE (~80%)

Eosinophilia
Systemic immunological dysbalance

Acute/early ---7 Th2 i
Chronicllate ---7 Tho/Th I i

Genetic predisposition
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ogy of eosinophils are under close control of T cells, these cells have been the
focus of many research groups (10). A profound systemic and local immunologi
cal dysbalance in T-cell activities has been, indeed, demonstrated in AD. The
status of T-cell deregulation has been analyzed in several biological compart
ments, including peripheral blood, acute and chronic "spontaneous" lesions, le
sions induced by epicutaneous allergen application ("atopy patch test"), and
nonlesional skin.

Irrespective of the compartment studied, a decreased number and/or func
tion in CD8 T cells has been found, pointing to an important role of CD4+ T
cells in the immunopathogenesis of the disease (11). During acute exacerbations
and in early phase responses, elicited after epicutaneous allergen exposure, a
marked upregulation of T-helper (Th2) T-cell functions has been detected on the
transcriptional as well as translational level. Enhanced production and expression
of IL-4, IL-5, and IL-13 have been uniformly demonstrated by many groups
(12,13). In contrast, chronic lesions and aJlergic late phase responses following
epicutaneous allergen exposure are characterized by a shift in the cytokine profile
towards upregulated IL-5 and IFN-y production, reflecting a ThO and Th 1 pheno
type of these T cells (14). These qualitative and quantitative changes in T-cell
biology are accompanied by chronic macrophage activation with increased secre
tion of GM-CSF, PGE2, and IL-IO (15,16). Increased expression of the low
affinity IgE receptor CD23 has been described on mononuclear cells (17).

A further hallmark of the disease is the presence of pruritus and cutaneous
hyperreactivity. AD patients have a lower itch threshold than non-AD patients.
Furthermore, histamine levels are increased in both involved and uninvolved AD
skin (18,19). There are also more mast cells in lesional skin, and an increased
releasability of histamine from blood basophils of patients with AD has been
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also found (20). Increased levels of substance P, a neuropeptide that induces mast
cell degranulation, have been detected in AD skin (21). These data point to a
neuroimmunological axis of dysregulation in atopic dermatitis, but the underlying
molecular mechanisms have not yet been extensively studied.

Family studies, sib-pair analysis, and linkage analysis suggest a genetic
predisposition for AD similar to other clinical manifestations of the atopic syn
drome. Although it is quite clear that multiple genes as opposed to single genes
contribute to AD manifestation, the genetic nature of AD is far from being under
stood.

Different trigger factors may contribute to acute exacerbation and chronic
ity of AD. Especially in childhood AD, food aJJergies are known to cause exacer
bations (22). In susceptible individuals, intestinal food antigen uptake can cause
acute and chronic worsening of the condition (23). Although the clinical phenom
enon is well known, the pathogenetic mechanism of how intestinal food uptake
and processing causes dermal inflammatory responses is stiJJ unknown. AeroaJ
lergens are also able to elicit atopic reactions on the skin (24). In this regard, the
recently developed atopy patch test represents an excellent model to study the
effect of epidermally applied allergens on elicitation of atopic reactions (25). AD
patients show a markedJy increased rate of chronic colonization with microbial
organisms, including Staphylococus aureus, particularly of exotoxin-producing
strains (26). They act in a bidirectional fashion via their superantigenic activity
as well as conventional allergens with anti-superantigen-specific IgE production
(27,28). Bacterial, viral, and fungal superinfections are well-known risk factors
causing acute and severe disease exacerbation (29,30). Stress factors have been
determined to cause worsening of the disease in susceptible patients (31,32). Cer
tain climate conditions can cause improvement and/or worsening of the disease.
The most important trigger factors are summarized in Table 2. It is important to
emphasize that not all of the above-mentioned factors act in the same patient,

Table 2 Trigger Factors of
Atopic Dermatitis

Food allergens
(Epicutaneous) aeroallergens
Chronic microbial colunizatiun

S. aureus (exotoxin pos.)
Microbial (super)infection

S. aureus
Herpes simplex

Stress (eu-, dysstress)
Climate conditions
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Table 3 Advantages of Animal
Model Systems

Controlled environmental conditions
Feeding
Housing
Day-night rhythm
Social behavior
Stress
Climate

Genetic background and manipulation
Age dependency
Tissue accessibility
Therapeutic manipulation

Herz et al.

but that each patient exhibits a unique spectrum of trigger factors influencing the
condition.

Although there has been advancement in the understanding of key pathoge
netic aspects in atopic dermatitis, several problems still remain to be solved: the
current approach of treatment is determined purely symptomatically. A therapeu
tic concept targeting the cause of the disease still awaits development. Reliable
biochemical markers for disease activity are unavailable. Successful strategies
for primary prevention of AD have not yet been developed. The individual risk
for development of AD cannot be reliably estimated, either pre- or postnatally.

A major reason for these deficiencies is the complex nature of the condition.
One approach to better understanding this complexity and multidimensional dys
regulation between the immune, endocrine, and nervous systems is the develop
ment of suitable animal model systems. Theoretically, such models have a num
ber of advantages, including control of environmental conditions, known genetic
background and possibility of genetic manipulations, accessibility of tissues for
further molecular studies, and exploration of experimental therapeutic strategies
(Table 3). Over the years, a variety of animal model systems have been developed
in several species, which mirror at least certain aspects of the disease. Advantages
and disadvantages of these models will be discussed in the following chapter.
Here we will discuss the key features of the condition currently being modeled
in animal systems and what conclusions can be drawn from these results.

II. MURINE MODEL SYSTEMS

The mouse is particularly suitable to study the genetic and molecular nature of
immune functions. This species has been extensively used to elicit Th2-dependent
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Table 4 MHL Class II and Strain Dependence of Allergic Immune Responses in
Mice

BALBlc DBA/2 C57 A/J SJUJ
Allergen H-2 d H-2d BU6 H-2 b H-2" H-2;

Ovalbumin i i H i t
Birch pollen (Bet v) i t i
House dust mite (Oer p) io t i t
Ragweed (Amb a) i
Grass pollen (Phi p) i
Cat (Fel d) i

, for BHR: J.. i High responder; J, low responder; H intermediate responder.

IgE and IgG1 responses against a variety of environmental allergens. In contrast
to the human immune system, both IgE and IgG 1 antibodies elicit immediate
hypersensitivity reactions in the mouse. The qualitative and quantitative extend
of such responses is dependent on the genetic background. Th2 and/or IgE/IgGI
high- and low-responder strains have been identified. Table 4 summarizes the
data from our own laboratory. The BALB/c strain sticks out as an almost univer
sal high-responder mouse for development of Th2 responses. These mice also
have elevated baseline IgE antibody levels as compared to other strains. The
development of allergen-specific Th2 immune responses also depends on the ex
pression of MHC class II molecules and the expression pattern of the T-cell
receptor phenotype. Although these molecular components determine to a large
extend the development of specific T-cell responses, other genetic constituents
have to be taken in account as playing a critical role in the development of Th2
immunity. In most strains, however, the genetic nature of susceptibility or resis
tance still remains to be defined.

A. Per- and Epicutaneous Sensitization
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The stratum corneum normally provides a cutaneous permeability barrier against
environmental allergens or irritants. Extracellular lipid domains seem to playa
critical role in mediating such resistance. In AD patients there is a significant
deficiency of ceramides, a major constituent of intercellular lipids in the stratum
corneum in both lesional and nonlesional skin (33). AD skin is characterized
clinically by cutaneous reactions resulting from barrier-disrupted skin, with the
skin being highly susceptible to antigen penetration. Therefore, the question
arises whether skin-penetrating antigens are able to elicit a Th2-dominated im
mune response.
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Table 5 Epidermal and Epicutaneous Sensitization in BALB/c and C57BLl6 Mice

Strain Manipulation Allergen Effect

BALB/c wt

BALB/c wt
C57BLl6 wt

BALB/c IL-4 - 1-

BALB/c IFN-y-I-

C57BLl6IL-5-1-

Shaving and tape
stripping (8x)

Shaving and 7-day
occlusion OX)
plus airway aller
gen challenge

Shaving and 7-day
occlusion Ox)
plus airway aller
gen challenge

Shaving and 7-day
occlusion OX)
plus airway aller
gen challenge

Shaving and 7-day
occlusion OX)
plus airway aller
gen challenge

House dust mite Th2 in regional LN
IgE, IgGI i

OVA Cutaneous inflam-
mation with
CD3, mo, eosino
phils

IgE, IgGl i
AHR airway eosino

phils
OVA Similar cutaneous

inflammation but
eosl, and T
cellsi

OVA Reduced dermal
thickening

OVA Decreased epider-
mal and dermal
thickening

No eosinophils
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This has been recently investigated utilizing mouse models. In one such
model (34), BALB/c mice were barrier-disrupted by repeated application of adhe
sive cellophane tape to shaved abdominal skin (Table 5). Such manipulations
indeed disrupt cutaneous barrier function, as demonstrated by increased transepi
dermal water loss. The tape-stripping procedure removed most of the stratum
corneum but apparently left the living epidermal tissue intact.

Topical application of house dust mite allergens induce mRNA expression
for IL-4, but not for IL-2 or IFN-y in the local draining lymph nodes. In parallel,
IgE and IgG1, but not IgG2a, were upregulated after sensitization. When sensi
tized mice were challenged with the same allergen at a distant site, infiltration
of the dermis with eosinophils has been found. These data indicate that high
molecular weight proteins can penetrate barrier-disrupted skin and elicit a Th2
dominant cytokine profile in regional lymph nodes.

An extended protocol of epicutaneous sensitization has been employed by
another group (35). BALB/c mice were sensitized to ovalbumin applied to a
sterile patch on shaved skin. The patch was in place for a I-week period, and
this procedure was repeated three times after 2-week intervals. The effects were
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compared to mice "conventionally" sensitized by intraperitoneal injection of
ovalbumin together with AI(OH)3' Epicutaneous sensitization, but not intraperito
neal immunization to ovalbumin elicited a significant elevation of total serum
IgE levels. The IgE and IgG1 antibody response was more pronounced following
the epicutaneous sensitization protocol. Epicutaneous sensitization resulted in
macroscopically and microscopically skin lesions. This response was charac
terized by thickening and inflammation of the dermis and epidermis and by in
filtration of the dermal layer with neutrophils, eosinophils, mast cells, and
mononuclear cells including CD3+ and CD4+ lymphocytes. Furthermore, in
epicutaneously sensitized mice, a single airway allergen challenge by aerosoliza
tion of ovalbumin-induced eosinophilia in bronchoalveoJar lavage (BAL) fluid
and airway hyperresponsiveness to intravenous methacholine as assessed by mea
surement of pulmonary dynamic compliance.

More recently, the investigators extended their initial observation by utiliz
ing gene-targeted mice of both BALB/c and C57BL/6 background (36). BALB/c
IL-4 - / - mice display similar dermal and epidermal inflammatory responses but
had a drastic reduction in eosinophils and a significant increase in infiltrating T
cells. These findings were associated with a reduction in eotaxin mRNA and an
increase in mRNA for T-cell chemokines makrophage inflammatory protein-2
(MIP-2), MIP-I ~, and RANTES. In C57BL/6 wild-type animals, this model
operates similarly as in BALB/c wild-type mice. However, OVA-sensitized skin
from C57BL/6 IL-5 - / - mice had no detectable eosinophils and exhibited de
creased epidermal and dermal thickening as compared to a wild type. Further
more, when IFN-y- / - mice of the BALB/c background were exposed to this
protocol, the skin was characterized by reduced dermal thickening. The authors
concluded that both Th2 and Thl cytokines play important roles in inflammation
and hypertrophy of the skin in this model.

B. The NC/Nga Mouse
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NC mice originated from Japanese fancy mice (Nishiki-Nezumi) and were estab
lished as an inbred strain in 1955. The NC/Nga strain has been reported to have
some biological characteristics similar to the DBA/2 strain, such as high suscepti
bility to x-ray irradiation and high susceptibility to anaphylactic shock by oval
bumin. Some Japanese researchers noticed development of spontaneous derma
titis (Table 6) just before or after weaning, but its cause and pathogenesis are
still unclear (37-39).

When NC/Nga mice were kept under specific pathogen-free (SPF) condi
tion, they remained healthy. Only conventionally housed NC/Nga mice showed
AD-likely clinical symptoms, together with other atopic symptoms such as aller
gic conjunctivitis. The eliciting factor of the dermatitis is not known, but when
BALB/c mice were kept under conventional conditions with the NC/Nga mice,
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Table 6 Characteristics of the NC/Nga Mouse

Natural history

Clinical signs

Preferential location
Histology
Dermal inflammation
Antibodies

Starting after weaning, progressive development of lesions
from week 8 on only under conventional housing condi
tions, not under SPF conditions

Dry skin and scaling, itching, erythema, edema, superficial
erosion

Face, nose, dorsal neck, skin
Hyperkerathosis, acanthosis, paracerathosis
T cells, mast cells, eosinophils, IL-4, and IFN-yi
IgE it
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they did not develop lesions, indicating that a genetic factor in addition to an
environmental factor is responsible for the development of the disease.

Clinical signs and symptoms seen in conventional NC/Nga mice begin with
itching, erythema, and hemorrhage followed by edema, superficial erosion deep
excoriation, scaling, and rhinus of the skin and retarded growth. Clinical symp
toms begin at 8 weeks of age with dryness of the skin and worsen continuously
until 17 weeks of age.

The lesions appear on the face, nose, neck, and dorsal skin and disseminate
progressively to other regions of the body. The histology of nodular lesions is
characterized by hypercarathosis, arcanthosis, and paraceranthosis, all of which
resemble lichinification observed in human AD patients (39,40).

In the dermis, an inflammatory cellular response appears with lymphocytes,
eosinophils, and mast cells. The latter appear with mild degranulation. Numerous
eosinophils with slight or mild degranulation were observed by week 8. IFN-y
and IL-4 are expressed by mast cells and lymphocytes in skin lesions. This cyto
kine profile is in concordance with the description of chonic AD lesions in which
the profile of expressed cytokines changes to a ThO/Th 1 pattern.

The level of IgE in the serum gradually increases to very high levels and
peaks at the age of 16-18 weeks. This enhanced IgE production has been attributed
to an increased sensitivity of the B cells to CD40 lesion and IL-4. The specificity
of the IgE antibodies are still unknown. B cells of the NC/Nga mouse with derma
titis lesions show constitutive tyrosin phosphorylation of JAK3, a feature suggested
to result in IgE hyperproduction in patients with AD. Treatment of lesions with
tacrolimus (FK506) suppresses skin infiltration by CD4 T cells, mast cells, and
eosinophils and also suppresses IL-4, IL-5, and IgE production in these mice. Ste
roid ointment has been found to have only marginal effects (41-43).

Therefore, the NC/Nga mouse exhibits many features of human atopic der
matitis (44). Since these animals develop AD-like lesions only under conven
tional housing conditions and not when they are housed under SPF conditions,
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this model system may be particularly useful to assess the contribution of genetic
and environmental factors. It can be expected that the identification of environ
mental factors contributing to the onset and progression of the disease will pro
vide further insight into the nature of human AD.

c. The NAO Mouse

The Naruto Research Institute Otsuka Atrichia (NAO) mouse was originally de
scribed in 1997 by Kondo at aJ. (45). The NAO mouse represents a new hair
deficient mutant of C57BL/6 background. The NAO mouse develops ulcerative
skin lesions associated with a remarkable histology that features large numbers
of mast cells and eosinophils in and around the lesions. Furthermore, the mouse
exhibits significantly elevated serum IgE levels. Also, these animals demonstrate
a unique scratching behavior, closely resembling the manifestation of human
atopic dermatitis.

To investigate genetic contributors to the pathological process of dermatitis
in this model, differentially expressed genes were investigated by means of a
differential display technique (46). One gene isolated by this approach appeared
to be the murine homolog of human and rat PF4 genes (47,48). PF4 belongs to
the family of chemokines that contain a CXC motive. It is produced in megakary
ocytes and packaged into a granules for release when platelets are activated. PF4
binds strongly to heparin and neutralizes heparin-like molecules in the serum and
on the surface of endothelial cells (49-51). Interestingly, in patients with atopic
dermatitis eosinophils show an elevated migratory response towards PF4. There
fore, it was proposed that PF4 may be a molecule that induces eosinophils towards
the ulcerative skin lesions in this model. Such lesions develop in about 30% of
NAO mice by 10 weeks of age and in 90% by week 20.
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D. Immunization of BALB/c Mice with Shistosoma
japonicum-Derived Glutathione-S-transferase Antigen

When BALB/c mice were immunized with recombinant glutathione-S-tranferase
(GST) by intraperitoneal injection with AI(OH)3 followed by boostering 21 days
later, these animals develop characteristic skin lesions. Skin pathology was char
acterized by an inflammatory infiltrate of mononuclear cells and eosinophils in
the dennis and mild spongiosis in the epidermis. Numerous IgE-bearing cells
were also detected in the dermis. Eosinophilia was detected in peripheral blood.
These skin lesions were noted between 2 and 3 weeks after immunization. Macro
scopically, hair became sparse and skin erythmatous. These changes were associ
ated by markedly elevated antigen-specific IgE responses.

Immunization of C57BL/6 mice and (BALB/c X C57BL/6) F] hybrids
resulted in development of low and intermediate IgE responses, respectively.
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Furthermore, skin lesions were absent in both groups of mice. Although these
data suggest a possible linkage between the development of IgE responses and
skin lesions, a formal proof of a cause-and-effect relationship still awaits experi
mental confirmation (52).

GST acts as target molecule, detoxifying enzyme. It binds to hematin and
inhibits the formation of large hematin crystals, which could block the evacuation
of a parasite gut. GST from house dust mite and cockroaches have been identified
as important allergens for humans as well. Their cDNA sequences share up to
40% sequence homology with that of GSP of Shistosoma japonicum (53-55).
This sequence homology makes it possible that GST from house dust mites and
cockroaches could induce similar allergic immune responses, which are accompa
nied by an allergic disease as shown in this model. This may provide an explana
tion for the unexpected finding of skin lesions in systemically immunized mice,
which has so far not been demonstrated in other models.

E. The Humanized SCID Model
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Several of the above-described animal models assess the capacity to elicit cutane
ous inflammation via dermal sensitization or antigen challenges. This concept
has been further explored by Herz at al. (56), who transferred atopic PBMC
into ScrD mice. These animals are immunologically severely impaired due to
recombinase defect resulting in developmental block of T and B lymphocytes.
Therefore, scm mice cannot reject xenotransplants and, thus, serve as an excel
lent model system to study human lymphocyte functions under in vivo conditions.
When PBMC are transferred from atopic patients sensitized to house dust mite,
human antigen specific T- and B-cell responses develop following antigen chal
lenges.

This model was then employed to assess the contribution of epidermally
administered superantigens and house dust mite allergens to the development
of cutaneous inflammation. Repeated epidermal administration of superantigens
[Staphylococus aureus enterotoxin B (SEB)] resulted in acute inflammatory re
sponses in the epidermis paralleled by mild dermal influx of human T lympho
cytes. A similar but weak inflammatory response was also observed when house
dust mite antigen was repeatedly administered to the skin. In this case, the re
sponse was characterized by a preferential lymphocyte influx into the dermis.
However, when both superantigens and house dust mite allergen were simulta
neously applied to the skin, a marked and profound inflammatory response was
detected in both epidermis and dermis. The histological features of this inflam
matory response were similar as observed in atopic dermatitis patients.

This model provides initial evidence for the synergistic effect of epidermal
exposure to allergens and superantigens. House dust mites are ubiquitous aller
gens of the indoor environment, and more than 50% of children with AD are
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colonized with toxin-producing S. aureus strains. Therefore, this model mimics
the situation of antigen and allergen exposure in many AD patients.

III. THE DOG AS AN EXPERIMENTAL MODEL FOR TYPE I
HYPERSENSITIVITY AND ATOPIC DERMATITIS

Domestic animals such as dogs, cats, and horses spontaneously develop type I
hypersensitivity responses mediated by immunoglobulin E (IgE). In dogs this
phenotype is associated with elevated total 19E serum antibody titers and produc
tion of allergen-specific IgE antibodies directed against a variety of ubiquitous
allergens such as pollen or house dust mites. In addition, dogs develop allergic
phenotypes such as atopic dermatitis, rhinitis, and conjunctivitis and, less fre
quently, asthma.

A. Dogs as a Model for Genetics of Allergy
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B. Dogs as a Model for Food Allergy

Development of atopic dermatitis in cmldbood is often associated with clinical
manifestation of food allergy. Dogs sensitized to food allergens by serial injection
of food extracts absorbed to Al(OH)3 develop positive skin test reactions after
intradermal injection of the respective food allergen, as indicated by a wheal-

The level of total serum 19E in healthy dogs seems to be mainly influenced by
the genetic background, whereas age and sex were not identified as significant
cofactors (57,58). Experimental sensitization by injection of allergen adsorbed
to AI(OH)3 in dogs revealed that the capacity to produce high levels of 19E against
a variety of allergens, as a characteristic feature of the atopic state, segregates
on a genetic basis (59). As in rodents, mgh and low 19E responder strains were
identified, but long-term production of high levels of 19E against various allergens
requires repeated exposure to allergens early in life. If the first allergenic contact
occurs within the first few weeks of life, dogs will develop strong IgE responses
against the allergen (60). The 19E level will remain high as long as contact with
the allergen occurs at least every other month. If no early contact with allergen
occurs, 19E production will remain low or undetectable for about 3-4 months
after birth, and subsequent allergen exposure will result in brief bursts of allergen
specific 19E in high responder animals, which will subside 2-3 months later.

Genetic analysis of 19E responses after allergen sensitization early in life
revealed a dominant trait of the atopic phenotype. This mode of inheritants contra-
dicts the experience in humans. Genetic studies in humans suggest a recessive
trait and the involvement of multiple genes.
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and-flare reaction (61). These reactions were accompanied by the production of
high levels of allergen-specific IgE. Food allergy in dogs is predominantly associ
ated with dermatological manifestations and/or gastrointestinal symptoms. Sensi
tized dogs develop mucosal changes including swelling and erythema, some pete
chiae, and in some cases generalized gastric erythema and hyperperistalsis after
injection of allergenic food extracts into the gastric mucosa (62,63). Examination
of biopsy specimens from early phase responses revealed edema and infiltration
with inflammatory cells. Examination of late phase responses revealed increased
eosinophil and mononuclear cell infiltration similar to those observed in humans.
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c. Naturally Occurring Atopic Dermatitis-Like Phenotype
in Dogs

For decades, a chronically relapsing pruritic dermatitis of young adult dogs that is
heritable in some breeds has been termed canine AD (64). Dog breeds commonly
reported to be predisposed to AD include the German shepherd, Irish setter, poo
dle, terrier breeds (Scottish terrier, West Highland white terrier, wire haired fox
terrier, Cairn terrier, and Boston terrier), Lasa apso, Dalmatian, and miniature
schnauzer (65-67).

Canine AD shares many characteristics with its counterpart in humans, such
as the presence of a heritable background, early age of onset, a history of seasonal
or nonseasonal and chronical pruritus, recurrent and chronic inflammatory derma
titis with morphology of skin lesions typically located at the flexor and extensor
sites of extremities, concurrent pyodermas, high number of skin-colonizing bacteria
(68), immediate-type skin test reactivity, reaginic antibodies directed toward envi
ronmental allergens, and the occurrence of immunosuppression restricted to the
skin (69). Moreover, common clinical signs in canine AD include face scratching
and/or foot licking and chewing. Consequently, diagnostic criteria for human AD
(l) were adopted for use in dogs with major and minor criteria (70,71) (Table 7).

Reported allergens involved in the pathogenesis of canine atopy include
house dust mites, plants, arthropods, epithelia, foods, and molds (72-74). Indeed,
depending on season, climate, and/or geographic region, clinically important aller
gens vary. For example in Japan, Japanese cedar pollen is known to be a common
and important seasonal allergen in dogs as well as in the human counterparts (75).

Diagnostic methods identifying clinically important allergens in canine
atopy are the intradermal skin test (lDST) and allergen-specific IgE testing in
the serum (76,77). As in AD humans, serum concentrations of allergen-specific
IgE and IgG are increased in AD canines (78).

To date, the most reliable method for the diagnosis of food allergies is the
response to restricted dietary trials and provocation test (73). IDST and antigen
specific IgE tests are not considered to be reliable diagnositc tools for identifying
clinically relevant food allergies in dogs (79).
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Table 7 Diagnostic Criteria for Atopy in Dogs

Major criteria Minor criteria

Pruritus
Facial and/or digital involvement
Chronic or chronically relapsing derma-

titis

Onset before 3 years of age
Facial erythema and cheilitis
Bilateral conjunctivitis

Family history and/or breed predispo
sition

Lichenification of the flexor surface of
the tarsal joint and/or extensor surface
of the carpal joint

Superficial staphylococcal pyoderma
Hyperhidrosis

Immediate skin test reactivity to airborne
allergens

Increased allergen-specific IgG concentra
tions

Increased allergen-specific IgE concentra
tions

Source: Ref. 71.
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In addition, atopic dogs show increased concentrations of secretory IgA on
their skin in comparison to normal dogs (80). This is in contrast to IgA serum
concentrations, which do not differ between atopic and normal dogs. High con
centrations of allergen-specific secretory IgA on the skin might be increased in
a similar manner as that of IgE. Because of recurrent pyodermas and higher
numbers of bacteria, such as Staphylococcus intermedius, IgA may also be di
rected against staphylococcal antigens.

In atopic dogs, eosinophils are not a common histopathological finding in
the skin and are not considered of diagnostic relevance (81,82), although one
study reports elevated numbers of eosinophils in the skin of canine AD (83).

In lesional skin of canine AD higher numbers of skin-infiltrating CD4+
and CD8+ T cells had been observed with a predominance of CD4+ T cells in
the epidermis in comparison with skin of healthy dogs. In nonlesional atopic skin
an infiltration with both CD4+ and CD8+ T cells, but without a predominance
of CD4+ T cells, was shown compared with the number of skin-infiltrating lym
phocytes in healthy skin of nonatopic dogs (84). This is also in accordance with
reports on human AD (4).

In a recent study a type 2 cytokine profile with increased m-RNA for the
type 2 cytokines IL-4 and IL-5 was detected in lesional and nonlesional skin of
atopic dogs (85). On the other hand, IFN-y m-RNA was amplified in a small
number of both atopic and nonatopic canine skin extracts. In contrast to recent
studies of human AD, IL-lO transcripts were not amplified from any canine AD
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skin samples studied. Taken together, a "polarized" type 2 cytokine profile can
exist in the skin of atopic dogs, supporting the relevance of canine AD as a model
for a human disease.

IV. ATOPIC DERMATITIS IN OTHER ANIMAL MODELS

Epidemiological and immunological studies on horses in Israel reported that 158
of 723 horses suffered from sweet itch lesions. The results of this study indicated
that the likelihood of a horse acquiring sweet itch decreased with increasing alti
tude, but no definite association with rainfall zones was evident. In the population
surveyed, stallions were more sensitive than mares and pale horses appeared to
be less sensitive than dark ones (86).

Another model of naturally occurring atopic dermatitis has been shown in
Finnish reindeer herders. Skin tests consisting of prick and patch test reactivity
on 211 randomly selected reindeer herders, 36 of them with past or present atopic
dermatitis, showed positive reactions to at least one allergen such as cat, cow
epithelium, dog, horse, and reindeer epithelium, house dust mite, birch pollen,
meadow grass pollen, and mugwort pollen. These findings suggest that the preva
lence of immediate-type and contact allergies and skin diseases is roughly the
same as that in other Finns (87).

Feline atopic dermatitis is characterized by cutaneous exanthema as a conse
quence of exaggerated eczematous reactions to topical and systemic allergens. In
a recent study it was shown that MHC class II + epidermal dendritic cells were
CDl a + in normal feline skin and significantly increased in numbers in the epider
mis and dermis of lesional skin, providing the first correlative documentation for
CDl a expression by feline dendritic cells containing Birbeck granules (88). In
addition, significantly higher numbers of T cells could be observed in lesional
skin of domestic short-haired cats with allergic dermatitis as compared to the skin
of healthy control animals. A predominant increase of CD4+ T cells and CD4+ /
CD8+ ratio was found in lesional skin of 10 cats with allergic dermatitis. More
over, increase in CD4+ T cells in nonlesional skin of cats with allergic dermatitis
compared to the skin of healthy cats is similar to the human counterpart (89).
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10
Pathophysiology of Pruritus

Sonja Stander, Martin Steinhoff, and Thomas A. Luger
University of Muenster, Muenster, Germany

I. INTRODUCTION

Pruritus, regularly defined as an unpleasant sensation provoking the desire to
scratch (l), is an essential feature of atopic dermatitis (AD) (2,3). Because of the
high impact on life quality, most of the patients measure the severity of the ec
zema by the intensity of pruritus rather than by the appearance of skin lesions
(4,5). Although pruritus is a cardinal symptom of atopic dermatitis, its neuro
mechanism is not fully understood. As a cutaneous sensory perception, itch is
excited on neuropeptide-containing free nerve endings of unmyelinated nocicep
tor fibers. It is known that several mediators such as neuropeptides, proteases,
or cytokines provoke itch by direct binding to itch receptors or indirectly via
histamine release. Interestingly, some variations of this complex pathophysiology
have been demonstrated in patients with atopic dermatitis.

II. SENSORY CUTANEOUS NERVES

A. Sensory Nerves

The skin is equipped with an effective communication and control system de
signed to protect the organism in a constantly changing environment. For this
purpose a dense network of highly specialized afferent sensory and efferent auto
nomic nerve branches occurs in all cutaneous layers. The sensory system contains
receptors for touch, temperature, pain, itch, and various other physical and chemi
cal stimuli. The information is either processed in the central nervous system
(eNS) or may directly elicit an inflammatory reaction by antidromic propagation
of these impulses. The effector function of a nerve may be determined by secreted
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neuropeptides and the corresponding receptors of target structures (reviewed by
Ref. 6). In addition, there is accumulating evidence that neuropeptides exert mul
tiple effects on immunocompetent cells, suggesting a strong interaction between
the nervous and the immune systems (7-9).

Micrographic recordings have clearly shown that the sensation of itch is
transmitted by a subpopulation of unmyelinated C-polymodal nociceptive neuJ
rons (10,11). It is assumed that their terminals are free nerve endings located i~
the superficial dermis, epidermis, and around skin appendages. In humans,
"free" nerve endings do not represent naked axons but remain covered by small
cytoplasmic extensions of Schwann cells and a basement membrane that may
show continuity with that of the epidermis (6). Multiple sensory modalities such
as touch, temperature, pain, and itch may be attributed to the free nerve endings
of polymodal C-fibers. However, some of the myelinated Ao-fibers may account
for particular subqualities of pain and itch. It can be hypothesized that prurito
genic agents specifically bind to itch receptors on the surface of chemosensitive
nerve endings and thereby cause firing ofaxons. Since some weak mechanical
and electrical stimuli often promote itch, whereas more intense injury evokes
pain, it was previously believed that itch is an altered form of pain. However,
recent investigations clearly demonstrate that itch and pain should be considered
as independent sensory modalities (10,11).

B. Autonomic Nerves in the Skin

Several investigators demonstrated that the number of cutaneous nerve fibers is
altered in atopic skin lesions. An increase of sensory but decrease of adrenergic
autonomic nerve fibers was observed (21), indicating a differential role of primary

In contrast to sensory nerve fibers, the distribution of autonomic nerves is re
stricted to the dermis, innervating blood vessels, arteriovenous anastomoses, lym
phatic vessels, glands, hair follicles, and stimulating immune cells to release neu
rotransmitters. Although autonomic nerves represent only a minority of cutaneous
fibers that predominantly generate neurotransmitters such as acetylcholine (ACh)
and catecholamines, recent observations revealed a potential role for neuropep
tides released from sympathetic and parasympathetic neurons during cutaneous
inflammation. Moreover, autonomic nerve fibers 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 both the autonomic and sensory ner
vous system in the pathophysiology of AD (reviewed in Refs. 17-20).

c. Nervous System in Atopic Dermatitis
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afferent and autonomic nerve fibers in pruritus pathophysiology. Therefore, im
munohistochemical analysis of neuropeptide distribution in cutaneous nerve fi
bers were performed. Lesional atopic skin showed an increased number of neu
rofilament-, POP 9.5-, Calcitonin gene-related peptide (CORP)-, and substance
P (SP)-positive nerve fibers in the papillary dermis (22), at the dermoepidermal
junction (23,24), in the epidermis (21), and around sweat glands (25). One group
additionally described the presence of neuropeptide Y (NPY) in dendritic epider
mal cells (24), while another group was unable to reproduce these findings (21).
In an semiquantitative analysis, Sugiura et al. (22) found clifferent densities of
POP-positive peripheral nerves in early acute lesions of AD (2.5 X 103 flm 2f Lls),
in subacute lesions (3.8 X ]03 flm 2fLls), in lichenified lesions (4.9 X ]03 flm 2f
Lls), and in prurigo lesions (7.1 X 103 flm 2fLls) in comparison to noninvolved
skin of patients with AD (2.0 X 103 flm 2fLls). Hypertrophy of nerve fibers in
atopic dermatitis is possibly stimulated by an increased release of nerve growth
factor secreted by basal keratinocytes (26,27). Mihm et al. (28) described cutane
ous myelinated nerves appearing demyelinated and sclerotic. However, other
groups were not able to confirm these pathological changes upon light micro
scopic levels (23,29). Electron microscopic investigation of lesional skin revealed
an increased content of hyperplastic nerve fibers with enlarged axons (22,23).
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 (22).
These axons contained many mitochondria and neurofilaments with abundant
neurovesicles (22), confirming immunohistological findings. Finally, a higher im
munoreactivity for most neuronal markers like CORP and SP and altered nerve
structures suggests that peripheral nerve fibers may playa role in the pathophysi
ology of itching in AD (24).

D. Central Transmission of Pruritus
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Peripheral pruritogenic stimuli may be directly sensed as an inflammatory reac
tion by antidromic propagation of the impulses in the periphery or transferred to
the CNS (6). Several observations are in favor of an important role of the CNS
in modulating itch responses. First, intraventricular injection of morphine induces
heavy itch responses. One major possibility are opioid receptors to mediate these
effects, which are located on peripheral nerves and in the eNS (30,31). In SUppOlt
of this idea, it was shown that naloxone significantly inhibits itching in patients
with different inflammatory dermatoses (32-34). The lower part of the medulla
oblongata was proposed as an itch center, albeit direct evidence for this location
is still lacking (35). Recent investigations suggested the left primary sensory cor
tex to be involved in central itch perception, as demonstrated by positron emission
tomography (PET) (36). In addition, activation of motor-associated areas proba-
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bly reflects the tendency to pruritofensive movements (36). In atopic dermatitis,
a decreased ability of sensory nerves to signal itching to the CNS was suggested
(37). In summary, the anatomy and physiology of the central perception and
regulation of pruritus is still fragmentary and awaits further investigation.

III. NOCICEPTION IN ATOPIC SKIN

Itching reflects a distinct quality of cutaneous nociception elicited by chemical
and other stimuli to neuronal receptors. Several studies demonstrated that itch in
individuals with AD follows different pathways as compared to in nonatopic
individuals. For example, while normal volunteers experience intense pruritus
after injection of histamine or substance P, patients with AD only remark weak
itch sensations. On the other hand, application of acetylcholine results in pruritus
rather than pain in AD patient (Table]; Fig. 1).

A. Histamine
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Many mediators triggering itch have been investigated in AD. Among them, his
tamine has been a persistent candidate and has been the most thoroughly studied
pruritogen for decades. About 80 years ago, Lewis reported that intradermal in
jections of histamine provoke redness, wheal, and flare (so-called triple response
of neurogenic inflammation) accompanied by pruritus (38,39). Williams (40) sug
gested that histamine may playa role in the pathogenesis of AD since intramuscu
lar histamine injections resulted in pruritus. Elevated histamine levels in both
lesional and uninvolved skin in AD patients were also reported (41,42). However,
recent investigations were not able to detect increased histamine levels in the skin
(43). Uehara and Heyer (37,44-46) noticed reduced itch sensations in response
to either intracutaneously injected or iontophoreticaJly applied histamine when
compared to nonatopic healthy subjects. Interestingly, histamine may induce not
only itch but also perifocal alloknesis (itch elicited by a slight mechanical, other
wise nonitching stimulus). Furthermore, intradermally injected SP releases hista
mine and provokes diminished itch perception in patients with AD in comparison
to healthy subject, 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 indicate either an intrinsic
downregulation of neuronal HI-receptor density or affinity or an increased hista
mine degradation in atopic skin (48). Consequently, antihistamines are often not
efficient in AD, as demonstrated in experimental studies as well as in double
blind, crossover trials. Recently, Rukwied et a1. (49) demonstrated that pruritus
induced by the mast cell degranulating substance compound 48/80 in AD patients
could not be relieved by cetirizine HI blockade. Wahlgren et al. (50) compared
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Table 1 Mediators of Pruritus in Atopic Dermatitis

Substrate
Provocation

of itch Mechanism

Amine
Histamine + Direct binding to itch receptor,

neurogenic inflammation

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

Possible release of various media
tors

Activates protease-activated receptor-2
m.n.n.
m.n.n.

Central and peripheral modulation
of itch perception, histamine
independent
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Potentiate histamine-, serotonin-,
papain-induced pruritus, lowered
itch threshold

m.n.n.
Histamine liberator

m.n.n
m.n.n.
Release mediators like PAP, leuko

trienes; histamine liberation?

Histamine liberator
Histamine liberator, increase of

IL-8
Histamine liberator
m.n.n.
Histamine liberator
m.n.n.

+
+

+
+
+

+
+

+
+
+

+
+
+
+

+

(+)

relief pruritus

+
+

Basophils

Neuropeptides
Substance P
Calcitonin gene-related peptide

Vasoactive intestinal peptide
Somatostatin
Neurotensin
Acetylcholine

Proteases
Tryptase
Papain
Chymase

Opioid peptides
Endorphins
Enkephalins
Morphine

Eicosanoids
Prostaglandins

Leukotrienes
Platelet-activating factor

Cytokines
Interleukin-2
Interleukin-6
Interleukin-8
Interferon-gamma
Neurotrophin-4
Eosinophils
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Figure 1 Pathophysiology of pruritus in atopic dermatitis. Trigger factors (see Table 2)
may directly activate neuropeptide release from sensory nerves or indirectly by stimulating
mediators (see Table I) from mast cells or keratinocytes. Activation of primary afferent
nerve fibers may either result in antidromic stimulation of neuropeptide release or will be
processed to the central nervous system. Neuropeptides, proteases, or cytokines may pro
voke itch by direct binding to itch receptors or indirectly via histamine release from mast
cells or basophils. ACh, Acetylcholine; Baso, basophils; CGRP, calcitonin gene-related
peptide; CNS, central nervous system; Eos, eosinophils; H, histamine; M, mast cells; NPR,
neuropeptide receptor; NT-4, neurotrophin-4; PAR2, proteinase-activated receptor-2; SP,
substance P; Try, tryptase.
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the antipruritic effect of HI antagonist and placebo in AD patients and found no
difference between these two agents. These results support the idea that other
mediators such as proteases and cytokines may be involved in the pathophysiol
ogy of itch response during AD.

B. Neuropeptides

Several observations support the idea of an important role of neuropeptides in
the pathophysiology of itching in various skin diseases (8,9,20,51). Neuropep
tides such as SP, vasoactive intestinal polypeptide (VIP), somatostatin, and neuro
tensin provoke itch along with the characteristics of neurogenic inflammation
such as erythema, wheal, and flare (52-55). SP induces itch responses in human
and mice, which are probably mediated via activation of the neurokinin 1 receptor
(NKIR) (56,57), supporting a direct effect of SP in mediating pruritus in vivo.
In contrast, CGRP does not mediate pruritogenic effects (58,59). Opioids have
also been demonstrated to induce pruritus, which can be blocked using naloxone,
a J.,l-opioid receptor antagonist (60,61).

In patients with atopic dermatitis, alterations in the nerve fiber-containing
neuropeptide profile could be demonstrated. Somatostatin-immunoreactive nerve
fibers were decreased in AD patients (62). NPY-positive nerve fibers and Langer
hans cells are increased as compared to healthy controls (21,24,62). Moreover,
tissue concentrations of VIP were decreased while SP concentrations were in
creased in lesional skin of AD patients (63-65). In contrast, staining pattern for
CGRP was not altered in comparison to controls (62). These observations support
the idea that an imbalance of the cutaneous nervous system including nerve fibers,
neuropeptides, and their receptors as well as neuropeptide-degrading enzymes
may playa crucial role in the pathophysiology of pruritus in AD (66).

c. Acetylcholine
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Acetylcholine is very likely to play an important role in producing itch sensations
in patients suffering from atopic dermatitis. Acetylcholine is not only a neuro
transmitter 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 by human keratinocytes in vitro (67,68).
Interestingly, Scott (69) found increased ACh levels in biopsies of patients with
AD, suggesting that increased production or release of acetylcholine is involved
in the pathophysiology of pruritus in AD (69).

Recent investigations showed that intradermal application of acetylcholine
elicits pruritus instead of pain in patients with AD (16,46). While all healthy
control subjects reported on burning pain after ACh administration, patients with
AD complained of pure itching that developed shortly after acetylcholine injec-
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tion and lasted significantly longer than in controls (16). In addition, injection
of ACh evoked pruritus in eczematous atopic lesions and intermingled burning as
well as itching sensations in uninvolved areas (46), which underlines a different
physiological pruritus pathway in lesional as compared to nonlesional or healthy
skin. Combined intracutaneous injections of VIP and ACh induce weal, flare,
and a dose-dependent pruritus in both lesional skin in AD and normal healthy
controls (49,70). However, the subjective pruritus score did not differ between
combined injections of VIP and ACh from ACh injections alone in patients with
AD (49). These results suggest a predominant role of ACh over VIP and a cholin
ergic, histamine-independent mechanism in the pathophysiology of pruritus in
AD. Finally, acetylcholine is a major neurotransmitter activating sweat glands,
which may explain generalised itching during and after sweating in patients with
AD.

D. Mast Cells, Proteinases, and Proteinase-Activated
Receptors
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A role for proteinases such as trypsin, chymotrypsin, and papain as pruritogemc
agents has been proposed for over 40 years (71). Moreover, the pruritogenic
effect and triple response of neurogenic inflammation induced by proteinases can
be blocked by antihistamines (72), indicating an interaction of proteinases and
mast cells in pruritus.

Intradermal injection of mast cell tryptase into human and rabbit skin re
sults in pruritus, vasodilatation, and erythema, followed by leukocyte infiltration
and local induration (73), suggesting a role for tryptase in cutaneous inflammation
and itching. Importantly, tryptase but not chymase appears to be enhanced in
lesional and nonlesional skin of patients with atopic dermatitis (74) and has been
suggested to induce itch responses in human skin (49,75). Other studies support
a role of tryptase in itch responses of patients with AD (74,76-78). Thus, tryptase
may be an important regulator of inflammatory and itch responses in the skin of
patients with atopic dermatitis. However, the mechaillsm by willch tryptase medi
ates these effects in cutaneous target cells such as keratinocytes and endothelial
cells is still uncertain.

Recently it has been demonstrated that tryptase mediates some of its cellu
lar effects via activating a proteinase-activated receptor-2 (PAR-2). Tryptase acti
vates PAR-2 on keratinocytes (79), dermal endothelial cells (M. Steinhoff and
T. Luger, unpublished observation, 2001) and sensory nerves (75), thereby con
tributing to inflammatory effects of mast cells. Since tryptase is involved in pruri
tus, mast cells are important regulators of inflammatory and itch responses during
atopic dermatitis, and PAR-2 immunoreactivity is enhanced in atopic dermatitis
patients (M. Steinhoff and T. Luger, unpublished observation, 2001), it can be
hypothesized that tryptase may activate PAR-2 in inflammatory conditions when
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there is mast cell infiltration and degranulation. Thus, PAR-2 may be involved
in pruritus of patients with atopic dermatitis, explaining why AD patients show
a rather weak response following treatment with antihistamines.

IV. CYTOKINES AND INFLAMMATORY CELLS INVOLVED
IN PATHOGENESIS OF PRURITUS IN ATOPIC
DERMATITIS

Cytokines are released from various cutaneous and immune cells during inflam
mation. Certain cytokines have been demonstrated to induce pruritus and activate
neuropeptide release from sensory nerves in the skin of patients with atopic der
matitis (Fig. 1).

A. Interleukin-2

While interleukin (IL)-l does not seem to correlate with itching, IL-2 is claimed
to be a potent inducer of pruritus. As observed upon therapeutic application, high
doses of recombinant IL-2, as given in cancer patients, frequently provoke red
ness and cutaneous itching (80). Furthermore, AD patients treated with oral cy
closporin A, a drug that inhibits the production of various cytokines including
IL-2, experience attenuation of itch (81,82). Additionally, a single intracutaneous
injection of 1L-2 induced a low-intensity intermittent local itch with maximal
intensity between 6 and 48 hours as well as erythema in both atopic and healthy
individuals (83,84). Interestingly, in patients with AD, this reaction tends to ap
pear earlier than in healthy controls. Moreover, bradykinin appears to enhance
the effect of IL-2-induced pruritus on sensory nerves (85). Upon prick testing,
supernatants of mitogen-stimulated leukocytes were pruritic in AD patients but
not in controls, probably due to increased concentration of IL-2 and IL-6 (86).
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.
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IL-6 and IL-6 receptor are expressed in Schwann cells of the peripheral nelve
(87), and IL-6-like immunoreactivity was increased in nerve fibers of patients
with positive epicutaneous patch tests and prurigo nodularis (88), suggesting a
role for this cytokine in pruritus. However, recent studies suggest that IL-6 does
not play a major role for pruritus in AD (86,89,90). In accordance to that, in
vitro studies with concavalin A-stimulated lymphocytes also failed to provoke
itch responses (91).

B. Interleukin-6
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c. Interleukin-8

Recently, various studies revealed increased levels of the proinflammatory che
mokine IL-8 in lesional skin (92), plasma (93), and blood mononuclear cells
(89,94), especially eosinophils (95) of AD patients. However, the capacity of IL
8 to induce pruritus is questionable since prick testing with IL-8 does not induce
whealing or pruritus (89). Further studies will have to clarify the influence of
IL-8 in the pathophysiology of pruritus.

D. Interferon gamma

Interferon gamma (IFN-y) appears to have a beneficial effect on pruritus in AD
(96). In a double-blind study, pruritus was reduced by 50% even 1-2 years after
long-tenn treatment with recombinant human IFN-y (97). It is well known that
INF-y production is profoundly diminished in peripheral blood mononuclear cells
of AD patients (98), which may contribute to the development of pruritus. Al
though an important role of INF-y in the pathophysiology of pruritus in AD is
likely, the underlying mechanism by which low INF-y levels induce pruritus,
however, has to be identified.

E. Neurotrophin

Recent observations indicate that neurotrophin-4 (NT-4) may be involved in in
flammatory 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 expres
sion was found to be significantly increased in lesional skin of patients with atopic
dennatitis and in prurigo lesions of atopic dennatitis skin (99). Interestingly, NT
4 production can be induced by INF-y, which itself is known to have a beneficial
effect on pruritus. These findings suggest a close relationship between immune
and neurotrophic factors in the pathophysiology of pruritus in AD.

F. Eosinophils
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Although a role for eosinophils in the pathogenesis of AD is well established,
their role in the pathophysiology of plUritus during AD is still an enigma. Eosino
phils release factors which may have a direct pruritogenic effect such as PAF,
leukotrienes, prostanoids, kin ins, cytokines, and proteases (100-105). They may
also exert an indirect itch response by activating mast cells to release histamine
or proteinases from eosinophils. In summary, although some reports favor a role
for eosinophils during pruritus in various diseases (100-102), direct evidence for
a role of eosinophils in itch responses during AD is still lacking.
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G. Basophils

In patients with AD, peripheral blood basophils are normal in number, but in
vitro studies revealed abnormal function with increased or faster histamine releas
ability (106,107). However, Bull et a1. demonstrated that basophils and basophil
release of histamine do not contribute to induction of itch and erythema in patients
with AD (108).

V. EXPERIMENTAL INDUCED PRURITUS IN ATOPIC
DERMATITIS EXPLAINING NEW APPROACHES IN THE
THERAPY
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Platelet-activating factor (PAF) is a lipid mediator with a potent proinflammatory
activity. PAF is released by several inflammatory cells such as mast cells, eosino
phils, basophils, and neutrophils (74). PAF has been demonstrated to increase
vascular permeability. Consequently, a wheal-and-f1are reaction as well as pruri
tus resulted after intradermal injection, suggesting release of histamine by PAF
(109). Several PAF antagonists have been developed so far, and preliminary re
sults of a double-blind study applying a synthetic PAF antagonist topically dem
onstrated a statistically significant reduction of pruritus in patients with AD dur
ing the first 2 weeks of therapy (110). However, further studies will be needed
to clarify the practicability of PAF antagonists upon daily use.

So far, the role of leukotrienes in the pathogenesis of pruritus is speculative,
although there is increasing evidence of their relevance in elicitation itch. Andoh
and Kuraishi (111) demonstrated that intradermal injected leukotriene E4 is able
to provoke scratching in mice. Additionally, a cOITelation 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
(112). Introductory studies showed a reduction of pruritus in patients with AD
during treatment with the leukotriene receptor antagonists zafirlukast and zileuton
(113-115).

Capsaicin, a naturally occurring alkaloid and the principal pungent of hot
chili peppers, has been advocated to be antipruritic in various dermatoses
(116,117). Repeated topical application of capsaicin releases and prevents spe
cifically the reaccumulation of neuropeptides in unmyelinated, polymodal C
type cutaneous nerves. Capsaicin exerts its functions via binding to a capsaicin
specific receptor, i.e., the vanilloid receptor (VR1), which is located on free nerve
endings (118). Receptor binding of capsaicin opens cation-specific ion channels,
leads to depolarization of nerve fibers and release of secretory granules containing
neuropeptides, such as SP, CGRP, VIP, and neurokinin A. Since nociceptive
sensations are mediated by unmyelinated C-fibers, depletion of neuropeptides
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upon continuous application of capsaicin impedes the perception of pain and itch
sensations (119). Consequently, topical application of capsaicin appears to be
helpful in AD (120,121).

Morphine and opioids are known to play an intriguing part in itch elicited
not only by histamine release from cutaneous mast cells (122), but also by a
direct central and peripheral pruritogenic effect beside to their predominant role
in pain (30-32,60,123,124). Generalized pruritus after systemic application of
morphine is a rare side effect, but epidural or in particular paraspinal application
of opioid analgesics frequently induce itching. Consequently, opiate receptor an
tagonists have been demonstrated to have an inhibitory effect on pruritus
(33,34,61,125-127). Recent experiments revealed that the oral opiate antagonist
naltrexone is more effective to suppress histamine-induced itch and alloknesis
than the antihistamine cetirizine (46,128) in patients with AD. However, although
~-endorphin serum levels were demonstrated to be significantly elevated in chil
dren with pruritic AD (129), results of a therapy with opiate receptor antagonists
were not reproducible. While a few case rep0l1s demonstrated dimiillshed pruritus
using opiate antagonists naloxone and nalmefene (130), other groups could not
reproduce these effects using nalmefene and nemexine in AD (34,131,132). Fur
ther controlled studies are needed to clarify their relevance to the treatment of
atopic dermatitis.

VI. TRIGGERING FACTORS MODULATING PRURITUS
PERCEPTION IN ATOPIC DERMATITIS

The skin of AD patients reveals a higher tendency to itch upon minimal provoca
tion due to reduced itch threshold and prolonged itch duration to pruritic stimuli
as compared to healthy skin (133-135). A series of pruritus-triggering factors
are known (135), which release mast cell mediators or vasomotor and sweat reac
tions to cause itch, and all may be subject to emotional influences (134) (Table 2).
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A. Epidermal Barrier

Xerosis of the skin in patients with AD reflects a disturbed 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 was measured (136), which may result from incomplete arrangement of
intercellular lipid lamellae in the stratum corneum (137,138). A decrease of water
content below 10% seems to be crucial for induction of itch and scratching (139).
Tills generalized dryness of the skin triggers pruritus by unknown mechaillsms
(136,137). One possibility may be that an impaired barrier function in the skin
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Table 2 Triggering Factors Inducing and Aggravating Pruritus in
Atopic Dermatitis
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Trigger factors

Endogenous trigger factors

Exogenous irritants

Contact and aeroallergens

Microbial agents

Food

Examples

Perspiration (most common trigger
factor in AD)

Xerosis
Cutaneous microvasculature
Emotional stress
Scratching
Wool fibers
Lipid solvents (soap, detergents)
Disinfectants
Dust mites
Furry animals
Pollens
Molds
Human dander
Viral infections
Staphylococcus aureus
Pilyrosporum yeast, Candida, der-

matophytes
Hot, spicy food
Hot drinks
Alcoholics

Source: Modified from Refs. 142. 200.

supports the entrance of irritants and itchy agents (140,141). Additionally, pH
changes within the skin may activate itch receptors (118).

B. Sweating

Generalized itching initiated by any stimulus to sweating (thermal, emotional
stimuli) is a typical hallmark and represents the most common trigger factor of
itch in patients with AD (134,142,143). Interestingly, increased sweating in li
chenified skin was observed in AD patients, suggesting a decreased threshold
for sweat stimulation in chronic pruritic and altered skin (144). The underlying
mechanism of sweat-induced pruritus remains to be explored, but there is increas
ing evidence that acetylcholine is involved. ACh induces eccrine sweating (6),
is found to be increased in the skin of AD patients (69), and finally acts prurito
genic in AD patients (16).
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C. Microcirculation

There is considerable evidence that the cutaneous microvasculature contributes to
pruritus. Clinically, itching is mostly associated with erythema and hyperthermia.
Most mediators for itching such as histamine, tTyptase, ACh, SP, and prostaglan
dins are potent vasodilatators, rarely vasoconstrictors like NPY or catechol
amines. Interestingly, while neuropeptide-induced itching does not vary between
atopic and nonatopic patients, vascular responses obviously showed a significant
difference between these two groups. Moreover, patients with AD were more
susceptible to stress and showed increased vasodilatation as compared to controls
(145).

D. Exogenous Factors

Pruritus produced by direct contact with wool in patients with AD is a characteris
tic and reproducible phenomenon (91,146). It is likely that the irritation is caused
by the spiky nature of wool fiber itself while wearing wool garments close to
the skin. Mechanical vibration seems not to be responsible for induction of itch,
since it inhibits experimental, histamine-induced itch (147). Thicker wool fibers
were found to provoke more intense itching than thinner fibers and an additional
redness after application of wool samples (148). Other irritants like lipid solvents
and disinfectants (149) may additionally contribute to aggravate xerosis. Contact
and aeroallergens such as dust mites or pollens (reviewed in Ref. 142) may also
provoke pruritus. Microbiological agents like bacteria (Staphylococcus aureus)
or yeast may exacerbate both dermatitis and pruritus (135,142).

Pruritus and erythema may also be triggered by substances increasing blood
flow, conduct vasodilatation, or release histamine. Among those, heat, hot and
spicy foods, hot drinks, and alcohol are most likely to generate itch in AD patients
(135,142,150). In early childhood, food allergies exacerbate eczematous skin le
sions, although food allergies mostly resolve during aging in older children and
adults (150).

E. Stress and Psychiatric Conditions
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In general, itch can be induced or modified by cognitive stress perception like
fatigue, anxiety, repressed emotions, as well as psychiatric diseases like depres
sion (151-158). Consequently, in atopic dermatitis a correlation between the in
tensity of pruritus, scratching, and mental stress factors and psychiatric conditions
have been demonstrated in experimental studies (153,154,159-161). Further
more, AD patients experienced a more intensive pruritus in comparison to healthy
persons and patients with psoriasis under equal study conditions (159). Consis
tently, upon clinical examinations up to 81 % of AD patients acknowledge their
pruritus to be aggravated by emotional stress (54). Relaxation therapies like auto-
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genic training or hypnosis indirectly prove these findings by revealing a signifi
cant improvement of itching and eczema in AD patients (162,163). The mecha
nism of psychogen-triggered pruritus is unknown, but activation of the
psychoneuroendocrine system is likely (8,9,153,154). Moreover, there is evi
dence from a recent study of a stress-induced pertubation of the epidermal barrier
function resulting in inflammation and pruritus (164).

It is well established that animals respond to external noxious stimuli, re
sulting in alarm reaction followed by a resistance phase and potentially exhaus
tion of the biological system. In a rat model it was demonstrated that immobiliza
tion stress triggers mast cell degranulation, which was reduced by pretreatment
with capsaicin (165). Thus, increased release of pruritogenic mediators by mast
cells may result in scratching and skin lesions following stress tension (153).
Pruritus intensity may also be increased by vasodilator responses and increased
skin temperature upon emotional stress, as demonstrated by psychophysiological
studies (134,] 66). Thus, stress is connected with production of mediators that
influence several tissue organs including the skin (159). Neuropeptides such as
SP, VIP, NPY, somatostatin, or CGRP released from sensory afferent nerves or
neurotransmitters such as catecholamines and ACh generated by autonomic nerve
fibers may be associated with emotional distress and cutaneous symptoms. For
example, more pronounced release of neuropeptides like SP, CGRP, and neuro
tensin as well as vascular changes could be demonstrated during itching and
scratching in AD patients as compared to normal controls (24,62,66). Further
more, increased mast cell degranulation (165) and elevated count of blood granu
locytes and leukocytes (167) were found in patients with AD upon stress stimuli.
Finally, adrenaline may influence pruritus in a reverse mode. Patients with AD
judge a preexisting pruritus to be less intensive in stress situations with high
adrenaline levels (153,]54,160).

VII. CLINICAL ASPECTS

The diagnosis of active AD cannot be made if there is no history of itching (2).
There are several aspects defining pruritus in patients with AD. Besides pruritus
associated with erythema, alloknesis and atmoknesis are often observed in atopic
dermatitis, probably due to altered itch threshold. Many patients complain of
nocturnal itch associated with sleep disturbance. All these types of pmritus may
lead to a vigorous itch-scratch cycle.

A. Clinical Manifestation of Pruritus

It has long been debated whether itch precedes visible skin lesions or if erythema
and accompanied inflammatory reaction appears first to evoke pruritus (140,
142,143). However, both theories can be assumed to fit with clinical observa-
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tions and furthermore to maintain the itch-scratch cycle. It is well known that
various triggering factors like stress result first in appearance of erythema fol
lowed by itch (143,168,169). Furthermore, itch may be followed by vasodilata
tion and inflammation due to scratching (140,142). However, pruritus in AD is
regularly intense but intermittent with greater intensity in the evening and at
night. Usually itching is generalized, but localized forms are also known with
preferential appearance in flexures, wrist, face, and neck (170). As a consequence,
permanent itch leads to an intense scratch behavior, and patients often resort to
towels, combs, back-scratchers, brushes, and even scissors to combat pruritus
(91,171). Interestingly, children with atopic dermatitis regularly pinch, knead,
and roll their skin slowly instead of scratching or rubbing (G. Bonsmann, personal
communication, 2001) (Fig. 2). Scratching is at times so vigorous that it evokes
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Figure 2 Child with atopic dermatitis and pruritlls who pinches and kneads skin instead
of scratching.
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ceptive C-fibers by pain-conducting A-fibers. Intense and permanent pinching,
rubbing, and scratching causes many of the skin lesions observed in patients
with AD (140,172) such as acute skin traumatization like excoriations, erosions,
bleeding, and crusts. But secondary changes like lichenifications, nodules, pig
ment shift, and scars may also reflect chronic scratching (155,171). Now it is
generally accepted that lichen simplex and prurigo nodularis, as often seen in
AD, represent a cutaneous reaction pattern to repeated scratching (172). Interest
ingly, in areas not accessible to patients with AD like the upper back, unaffected
skin without scratch artefacts appears leading to the so-called butterfly sign (140).

B. Alloknesis, Atmoknesis

Alloknesis is a phenomenon occurring in AD as well as other dermatoses and
defines pruritus that is evoked by nonpruritogenic light stimuli (91). The clinical
observation that once an itch has started in AD patients, it increases the liability
of the surrounding skin resulting in itch is explainable by alloknesis. Another
phenomenon is atmoknesis, defining pruritus caused by exposure to air or un
dressing, particularly notable in patients with AD. Alloknesis and atmoknesis
both may result from an altered itch threshold (171). Regarding pruritus and
alloknesis, 52% of patients with AD complain about itch without a rash in com
parison to 6% of nonatopic patients (143).

C. Nocturnal Itch

Severe pruritus in atopic dermatitis elicits reflectory scratching, often resulting
in a vicious cycle of itch and scratch. Increased amounts of neuropeptides, cyto-
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D. Itch-Scratch Cycle

Several authors report on frequent sleep disturbances caused by nocturnal
scratching (173-175). Upon scratch-monitor analysis and infrared video camera
examination, a higher nocturnal scratch frequency in patients with severe AD
was demonstrated resulting in serious sleep disturbance as compared to patients
with moderate AD or healthy controls (173,174). Two types of scratching activity
appeared, one during the time when patients were not asleep, with various
scratching movements like rubbing or pinching. During sleep, scratch movements
started abruptly, were monotonous and rhythmical, suggesting that scratch during
sleep has the nature of a reflex. Most scratch movements appear during early and
mid-night periods; rare movements were observed before daybreak, possibly due
to physiological release of corticosteroids or melatonin (173,176,177). Finally,
the scratching rate was reduced upon successful therapy (174,178).
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kines, and other inflammatory mediators are released by scratching and contribute
to aggravation of both itch and erythema (54,140,169). Thus, the itch-scratch
cycle is perpetuated. Various other pruritogenic triggers like wool fibers addition
ally maintain the itch-scratch cycle (140,179). Furthermore, it was demonstrated
that patients with AD developed conditioned scratch responses earlier than con
trol subjects (179), which is in favor of an additional factor perpetuating the itch
scratch cycle. Patients with AD tend to frequently act out anger and hostility or
other emotional stress by scratching, rather than by verbalizing their feelings
(134,161,168,179,180). In addition, they are more likely to respond to minor
signals and stimuli by scratching than nonatopic individuals, and many patients
describe an emotionally disturbing event before occurrence of a flare reaction
(54,181).

VIII. THERAPEUTIC CONSIDERATIONS
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A. Nonspecific Antipruritic Modalities

Some general principles are helpful during therapy of pruritus of any origin,
including atopic dermatitis (Table 3). First of all, elimination of identified provoc
ative factors like wool fibers must be appreciated as the primary goal of the
management (155,182,183). Furthermore, since scratching represents a trigger
factor and maintains the itch-scratch cycle, it must be interrupted by educating
the patient to control scratch behavior (184). For example, the behavior method
of habit reversal can be employed (185). First, patients become aware of their
scratching behavior by counting scratch movements. In a second step, they learn
a new behavior by reacting to scratch impulses. Controlled physical exercise like
gymnastics or ball games were demonstrated in a controlled study to teach pa
tients to cope better with itch attacks (186). Scratch-induced skin damage caused
by nocturnal scratch movements may be improved by wearing cotton gloves. To
reduce sweating-induced itch, simple skin care such as cleaning by warm shower
and application of ointment has been recommended (46). Cooling the skin with
lotions (e.g., containing menthol) results in relief of itch (187). To combat skin
dryness, application of hydrophilic emollients and bathing with oily bath addi
tives is helpful (182,183). Topical anaesthetics are reported to be useful in pruri
tus (188), albeit no effect was observed in AD patients (189). Unspecific physical
modalities are described to be beneficial like acupuncture (190), and cutaneous
field stimulation (191,192). A new ethnomedical approach is the oral appl ication
of the Japanese traditional kampo medicine formula Byaklwkaninjinto. Studies
in NC mice, an animal model for atopic dermatitis, revealed a significant reduc
tion of scratching activity, possibly due to a cooling effect on skin temperature
(193). However, only one abstract reports a successful treatment with this sub
stance so far (194).



Pathophysiology of Pruritus

Table 3 Therapeutic Strategies Combating Pruritus in Atopic Dermatitis
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Therapeutical modalities

General principles

Unspecific topical preparations

Unspecific physical modalities

Japanese traditional medicine
Anti-inflammatory therapy

Interfering with pathophysiol
ogy of pruritus in AD

Contradictory results

No antipruritic effect

Examples

Interruption of itch-scratch cycle
Elimination of provocative factors
Skin care to reduce sweating-induced itch
Emollients
Lotions containing cooling additives, menthol
Bathing with oily additives
Physical exercise'
Acupuncture
Cutaneous field stimulation
Kampo herbals
Corticosteroids, t and 0"

Cyclosporin A, 0'

Tacrolimus, t'
Ascomycins, t'
Ultraviolet light
Interferon gamma, i.e.'
Macrolide antibiotics, 0

Capsaicin, t
Dinitrochlorobenzene, t
Eicosapentaenoic acid, t
Type 4 phosphodiesterase inhibitors, t
Doxepin (but contact allergy upon long-term

application), t
PAF antagonists, t'
Leukotriene antagonists, 0 (e.g., zafirlukast)
Immunoglobulin therapy, i.v.
Antihistamines, 0

Mycophenolat mofetil, 0

Opiate antagonists, 0 and i.v. (e.g., nal
trexone)

Topical anesthetics
Nitrazepam,o

Although various symptomatic treatments were employed to relieve pruritus and
scratching in patients with AD, no specific therapies are available as of yet (140).
Since lesional AD skin shows a dense inflammatory cell infiltrate known to medi-

, As proven by randomized, controlled studies.
t, Topically; 0, orally; i.e., intracutaneous)y; i.v., intravenously.

B. Specific Antipruritic Therapies
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ate or aggravate pruritus, anti-inflammatory therapies often result in cessation
of pruritus. So far, most effective and consistent antipruritics remain systemic
immunomodulators such as glucocorticoids, cyc1osporin A, tacrolimus (FK 506),
ascomycines (ASM 981), and ultraviolet light therapy (81,195-197) (Table 3).
Moreover, there are no evident and efficient alternatives to topical application
of corticosteroids for the control of acute episodes in atopic dermatitis (198
200). With reduction of skin lesions, a decreased itch intensity results, probably
due to reduction of inflammatory cells and protection of depolarization of nerve
fibers mediated directly by the steroid (201). Cyclosporin A (CyA), a cyclic poly
peptide with potent immunosuppressive effects, has been reported to have an
itch-relieving effect in various diseases, including atopic dermatitis. In a random
ized study, CyA was demonstrated to significantly reduce itch intensity (81,202).
After discontinuation of this therapy, pruritus recurred immediately, suggesting
that CyA represents a symptomatic and not causal therapy of pruritus. Since
oral cyc1osporin A has demonstrated to be effective in atopic dermatitis, a topical
CyA formulation has been developed to avoid systemic adverse effects. However,
no significant improvement of atopic dermatitis was found upon clinical applica
tion (203). Recently, much interest has been drawn to tacrolimus (FK 506), an
effective immunosuppressant drug that prevents rejection after organ transplanta
tion. Although its mode of action is similar to that of CyA, its molecular weight
is lower and its potency of inhibiting T-cell activation is 10-100 times higher.
Topically applied tacrolimus appears to penetrate the skin sufficiently to effect
local immunosuppression as inhibition of experimentally induced allergic contact
dermatitis (204,205). Randomized studies also confinned topical administration
of 0.03-0.3% tacrolimus to be antipruritic in adults and even children (2-15
years) with AD (195,206-209). In controlled studies, ASM 981, belonging to
the group of ascomycin macrolactam derivatives with high anti-inflammatory
activity (210), reveals significant improvement of the ADSI score, especially of
pruritus and excoriations (197,211). Since ascomycin induces inhibitory effects
on the production of pro-inflammatory cytokines from T cells and mast cells
(210), the specific improvement of pruritus suggests interference of ascomycin
with the neuroimmunological network in the skin of patients with AD.

Mycophenolat mofetil (MMF) is a novel immunosuppressive drug that se
lectively inhibits lymphocyte proliferation. Uncontrolled studies with patients
suffering from AD exhibit contradictory results. Some authors report on effective
u'eatment of erythema and plUritus (212,213), while another found MMF to in
crease pruritus (214).

Treatment with IFN-y has been shown to be effective not only for the im
provement of erythema, excoriations, and lichenifications, but also of PlUrituS
(97,215,216). In addition, this effect was maintained up to 2 years after therapy (97).

Arachidonic acid metabolites are released from mast cells and are involved
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in the onset of AD. It has been demonstrated that eicosapentaenoic acid (EPA)
may inhibit the activity of arachidonic acid metabolites. A recent study reported
topical EPA administration to significantly reduce pruritus in AD (217).

Studies concerning the pathophysiology of pruritus clearly demonstrated
that different nociceptive mechanisms are involved in AD. Thus, conventional
therapeutic modalities like antihistamines often fail to ameliorate pruritus in AD
(202). This corresponds with the idea that histamine is not the major mediator
of pruritus in AD (49). Placebo-controlled studies concerning the antipruritic ef
fect of oral antihistamines have shown conflicting results in AD. In some studies,
no superior effect was observed as compared to placebo (50,218,219), while oth
ers showed a significant antipruritic effect (46,220-222). In recent experimental
studies, the HI antihistamine cetirizine was demonstrated to focally reduce itch
(46). However, an evidence-based review concerning the efficacy of antihista
mines in relieving pruritus in atopic dermatitis concluded that little objective
evidence exists for HI antihistamines to demonstrate improvement of pruritus
(223).

Other modalities also failed to show an antipruritic effect in AD. Moreover,
a placebo-controlled study with nitrazepam was initiated claimed to reduce the
nocturnal scratching behavior. However, the substance failed to influence the
total duration of nocturnal scratching in patients with AD (224).

Topical application of the tricyclic antidepressant doxepin was suggested
to have antipruritic effects because of its high affinity to HI 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
(225,226). Unfortunately, doxepin was accompanied by contact allergies after
long-term application (227).

Recently, oral administration of macrolide antibiotics was reported to have
an antipruritic effect in atopic dermatitis, possibly due to their capacity to inhibit
production of cytokines like IL-6 and IL-8 (228). Amelioration of pruritus has
also been described under intravenous immunoglobulin therapy in a few cases
of AD (229,230). As of yet, however, no controlled studies have been performed.

Lately, contact sensitization to dinitrochlorobenzene (DNCB) was claimed
to significantly improve the clinical status of severe AD (231,232). There is also
recent evidence that type 4 phosphodiesterase inhibitors have anti-inflammatory
and antipruritic activities in patients with AD (233). Therapeutic modalities such
as capsaicin (120,121), opiate antagonists (34,127), PAF antagonist (110), and
leukotriene antagonists (113-115) appear to be promising new approaches in the
therapy of atopic dermatitis but will have to prove their safety and practicability
in further controlled studies. In conclusion, no completely effective and safe anti
pruritic agent has been successfully approved by controlled studies for the therapy
of pruritus in atopic dermatitis so far. Further investigations are necessary to
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establish that antipruritic substances influence the centrally and peripherally al
tered itch perception in order to interfere with the complex pathophysiology of

pruritus in atopic dennatitis.
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Cellular Aspects of Atopic
Dermatitis: Overview
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I. INTRODUCTION

Atopic dermatitis (AD) is a common inflammatory skin disease with increasing
worldwide prevalence estimated at more than 10% in children (1,2). Recent stud
ies of schoolchildren in Oregon reveal a surprisingly high (17.2%) prevalence
of this disease (3). Ongoing studies are elucidating novel pathophysiological
mechanisms which are leading to steady improvements in treatment. In this over
view, we will discuss cellular-mediated immunological pathomechanisms of this
extremely common yet simultaneously complicated disorder. Emphasis will be
given to the role played by antigen-presenting cells (APCs), T cells, keratino
cytes, eosinophils, and basophils/mast cells in the pathophysiology of AD. Fur
ther details can be found in the corresponding chapters in this section.

The most common clinical manifestations of AD are itchiness and dry skin. These
two symptoms lead to scratching and trauma-induced inflammation (Figs. 1, 2).
It is well accepted that skin barrier function is impaired in individuals with AD,
which may be intrinsic or due to low-grade spongiotic dermatitis even in unin
volved skin (4). Abnormalities in neuropeptides, skin innervation, or tissue re-
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Figure 1 General view of cellular-mediated immunopathogenesis in atopic dermatitis.
In AD, Langerhans cells in the epidermis are capable of capturing and presenting allergens
and autoantigens, in the context of MHC molecules on the LC surface. This presentation
leads to activation ofT cells in the draining lymph nodes. LC function can also be modu
lated by neuropeptides, such as calcitonin gene-related peptide (CGRP). Increased mono
cyte cAMP-PDE results in increased secretion of PGE2 and IL-lO, which directs T-cell
differentiation toward Th2 (CCR3+, CCR4+), in conjunction with IL-4, IL-5, and IL
13 overexpression. Th2 cells are recruited to the skin preferentially with the help of che
mokines, such as CCLl? (thymus and activation regulated chemokine, TARC) CCL-II
(eotaxin-l) and CCL5 (RANTES). B cells produce IgE with the help of IL-4 and IL-13
secreted from Th2 cells. Activated keratinocytes (which can also be stimulated by nonspe
cific irritants, such as scratching) produce TNFa, and mast cells release high quantities
of TNFa, IL-4, and IL-13, which enhance the expression of P-selectin, E-selectin, and
YCAM-l on endothelial cells. Upregulated expression of adhesion molecules vigorously
recruits T cells and especially eosinophils from blood into the dermis. Eosinophils are
markedly elevated in AD peripheral blood and in both the epidermis and dermis. Overex
pressed GM-CSF in the thickened epidermis sustains LCs and eosinophils as well. Eosino
phils and monocytes are the source of IL-I2, Mig, and RANTES and may participate in
the pathogenesis of chronic lesion development in disease, in which expression of IFNy
is noticeably increased.
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Figure 2 Model for the interaction of growth and survival cytokine/chemokine signal
ing. Perturbation of the skin (e.g., scratch injury) can lead to keratinocyte release of a
number of cytokines. One of the principal growth factors released by keratinocytes is GM
CSF, which is upregulated in response to cytokines such as TL-l, TNFa, and TFNy. This
growth factor promotes the proliferation of APCs, keratinocytes themselves, and eosino
phils. After reaching the epidermis, eosinophils can produce the chemoattractant chemo
kine CCL5, a ligand for CCR3 and CCR5, and CCLlI, an additional ligand for CCR3.
Keratinocytes are also activated via the T-cell cytokines IFNyand IL-4, which can potenti
ate IFNy and TNFa induction of CXCR3 ligands, such as CXCLlO, which is important
for Type I inflammation. IFNyand TNFa production can also stimulate keratinocyte pro
duction of CCLl7, a ligand for CCR4 important in Type 2 inflammation. Keratinocytes
playa potential role in T-cell retention via ICAM-I expression, which is upregulated
following IFNyexposure.

sponsiveness to adrenergic neurological tone may also be implicated in both bar
rier maintenance and immunological hyperactivity. Poor barrier function can
favor the production of inflammatory cytokines associated with Type 2 inunune
responses.

B. Trigger Factors

Several trigger factors are relevant to AD. The most important factors are aller
gens and bacterial products.

MARCEL DEKKER, INC.~
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1. Allergens

Aeroallergens such as dust mites, pollen, and mold have been implicated in AD
exacerbations. Food allergens such as cow's milk, eggs, peanut, and soy playa
pathogenic role in some patients with AD, especially children (5). IgE autoanti
bodies have been found to cross-link autoallergens (human proteins) that are
structurally and immunologically similar with the exogenous allergens in severe
and chronic AD (6).

2. Microbial Factors

There is an increased incidence of Staphylococcus aureus colonization in patients
with AD compared with non-AD patients. S. aureus has been cultured and found
in affected skin in more than 90% of patients with AD (7). Because both S. aureus
and streptococci can produce superantigens, which can activate Langerhans cells
(LCs) and other cells (monocytes/macrophages, T cells, and keratinocytes) in a
nonspecific manner, these bacteria are believed to be acting as key modulators
of the inAammatory cascade in AD skin. Cytokines sllch as tumor necrosis factor
alpha (TNFa), produced by activated cells, can induce endothelial cell productionl
of adhesion molecules such as E-selectin, P-selectin, and vascular cell adhesionl
molecule (VCAM-I) and contribute to this inflammatory cascade in AD skinl
(8,9) (Figs. 1, 2). Evidence supporting the role of superantigens produced by s.1
aureus in AD includes the observation that T cells in AD skin bear superantigen-I
reactive T-cell receptors. These T cells express superantigen receptors to a greater
extent than is found in the systemic circulation (10).
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C. Cell-Mediated Immunopathogenesis

The skin is rich in cells embryologically derived from bone marrow. A key proof
of the concept that marrow-derived cells are critical for the maintenance of AD
lesions was the early discovery that the skin rash in patients with Wiskott-Aldrich
syndrome, an X-linked syndrome with the triad of AD-like symptoms-skin
lesions, thrombocytopenia, and susceptibility to infections-resolved following
bone marrow transplantation. This phenomenon was attributed to the correction
of the underlying immunological defect (11). Conversely, allergen-specific IgE
mediated hypersensitivity may be transferred with allogeneic bone marrow trans
plantation from an atopic individual to one who is nonatopic (12). These two
examples support the notion that bone marrow-derived cells mediate AD. Im
provement of clinical symptoms in response to cyclosporin A, tacrolimus, and
ascomycin also clearly document the immune pathogenesis of AD (13,14).
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D. Antigen-Presenting Cells

APCs represent an important population of bone marrow-derived cells in the
skin. They are major histocompatibility complex (MHC) II molecule-bearing
accessory cells, which have the capacity to present antigen to antigen-specific T
cells.

In normal skin, there is compartmentalization of the LC phenotype with
epidermal LCs demonstrating high CD 1a, absent CD1b, absent CD36, and low
Fc£RIa. By contrast, dermal LCs demonstrate low CDla, positive CDlb, and
absent CD36 with low Fc£RIa (15-17). In AD lesional skin, however, LCs ex
press both CDla and CDlb as well as CD36, CD32, and high FC£RI (18,19)
(Fig. 3). These LCs have been termed inflammatory dendritic epidermal cells
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Figure 3 APC T-cell Type I and 2 interactions. Most important in APC reactions of
AD is the presence and upregulation of the high-Fcc receptor, Fc£RI, which is critical for
AD patients because it binds IgE. Allergens such as microbes, dust mites, and human
dander, which act as autoantigens, are processed inside the APCs, where they are then
presented to the T-cell receptor along with coactivation by APC release ofIL-12. Superan
tigens such as staphylococcal enterotoxins binding to the lateral wall of MHC peptide
antigen binding groove activates T cells nonspecifically. In the early phase of disease,
Type 2 T cells predominate under the influence of PGE and IL-IO production by mono
cytes. Type 2 T cells express IL-5, IL-13, and IL-4, which further induces Fc£RI expres
sion on LCs. Production of T cells shifts to a Type 1 T cell, which produces IFNyand
IL-2 as the disease progresses and becomes chronic.
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(IDECs) (19,20) and are present in both the epidermis and dermis of AD skin
(18). The functional consequences of this aberrant phenotype are still not entirely
understood, but they are associated with heightened APC activity for autoreactive
T cells (18), facilitation of antigen processing and presentation of IgE-detected
allergens (21), and increased calcium flux upon FcrRIa ligation (22) relative to
normals (16). Phenotyping of epidermal dendritic cells (DCs) by Oppel et al.
allowed for the distinction between extrinsic and intrinsic forms of AD. Analysis
of CD36 expression on DCs and the percentage of CD Ia+ epidermal DCs
showed that FcrRI expression was more characteristic of extrinsic AD than that
of intrinsic AD (23).

LC high-affinity IgE receptor may represent a key link between allergens
and antigen-specific T cells. In this model, IgE bound to its receptor on LCs
captures antigen, facilitates internalization and processing, and finally presents
the antigen as a peptide fragment of the original allergen in the peptide-binding
groove of the appropriate MHC molecules on the surface of such IgE-binding
APCs. The APC, with its processed allergenic fragment, then interacts with spe
cific antigen receptors on T cells. This antigen-focusing system allows for T
cell activation at much reduced antigen concentrations (24). Some IgE-detected
proteins are, in fact, self-proteins expressed in the epidermis; this may explain the
autoreactive T-cell-stimulating capability of APCs (6,25). This T-cell activation
results in the subsequent production of cytokines.

E. Lymphocytes

oj

..:l

M
!
Q>

~
.~

8
MARCEL DEKKER, INC.~

270 Madison Avenue. New York. New York 10016 IU?

In AD, increased levels of activated T cells are observed. Normally, the majority
of postthymic naive T-cells begin as ThO type cells with the potential to become
differentiated to either Type 1 or Type 2 after activation by APCs and infiltration
into the skin. After activation by APC, ThO, which previously produced neither
Type] nor Type 2 lymphokine, undergo further differentiation to become Type
1 or Type 2 cells.

Important interleukins (IL) produced by APC and T-cell interaction are IL
l and IL-2, which induce T-cell activation and growth. Activated T cells produce
a number of other lymphokines of relevance: IFNy has pleiotropic effects on
many cell types. IFNy inhibits the proliferation of Th2 cells and expression of
the IL-4 receptor on T cells (26) as well as IgE synthesis. IL-4 and IL-13 act
as B-cell growth factors and can upregulate YCAM-l (8) and E-selectin from
endothelial cells. IL-5 acts as a B-cell differentiation factor and stimulates eosino
phi Is. T-cell differentiation events during initial activation can determine whether
the immunological environment favors the development ofThl or Th2 type cells,
which produce differing relative amounts of these lymphokines (Figs. 1, 3).

T-cell surface glycoproteins are differentially expressed during maturation.
With certain exceptions, as T cells become dedicated to either a helper/regulatory
phenotype (CD4) or a cytotoxic/suppressor phenotype (CD8), they express dis-
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Table 1 Nomenclature for Selected Chemokines and Their
Receptors Dysregulated in AD
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Chemokine

CCLII (Eotaxin-I)

CCLS (RANTES)

CCLI? (TARC)
CXCL9 (Mig)

CXCLl 0 (IP-l 0)

Source

Lymphocytes
Monocytes
Keratinocytes
Fibroblasts
Keratinocytes
Lymphocytes
Eosinophils
Keratinocytes
Monocytes
Neutrophils
Monocytes
Neutrophils
Eosinophils

Receptor

CCR3

CCRl, CCR3, CCRS

CCR4
CXCR3

CXCR3

tinctly different cell surface molecules. The CD4 T cells are further subdivided
into two groups, Thl and Th2, based upon distinct lymphokine profiles. Because
of the observation that CD8+ T cells can also secrete distinct patterns of regula
tory cytokines, the terms Type 1 and Type 2 cells have come to supplement the
use of Th I and Th2. Type 1 T cells are involved in cell-mediated immunity
against viral, fungal, and mycobacterial infections, produce lymphokines such as
IFNy, TNF, IL-2, and IL-17, in conjunction with APCs producing IL-12, and
are chemoattracted by CCR5 and CXCR3 ligands such as CCL5 (RANTES
Regulated on Activation, Normal T-cell Expressed and Secreted) and CXCL9
10 (i.e., Mig, TP-IO) (27). (Fig 2) (Table 1). By contrast, Type 2 cells are associ
ated with clearing helminthic infections and allergic inflammation, promoting
humoral immunity, and enabling B-cell function by secreting IL-4, IL-13, and
IL-5. Whereas immunoglobulins produced under the influence of Type 1 cyto
kines fix complement, Type 2 cytokines induce immunoglobulin production that
does not fix complement (i.e., IgE and IgG4). Type 2 T-cell differentiation is
promoted by IL-1O and prostaglandin E (PGE), and leukocytes involved in such
reaction are chemoattracted by CCR3 and CCR4 chemokines (Fig. 2). These
self-sustaining loops of inflammation can propagate the distinct inflammatory
processes that are contained in AD lesions.

Elevated levels of IgE produced by B cells in AD are induced by IL-4 and IL
13. IL-4 and IL-13 are the only cytokines that induce germline transcription at
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the CE axon and promote isotype switching to IgE (28). Both IL-4 and IL-13
inhibit Thl cytokine production and upregulate CD23 on monocytes and B cells.

IgE may also contribute to the regulation of the high affinity receptor,
FcrRI, on LCs. IgE binds to and stabilizes surface FCERI. This leads to inhibition
of receptor internalization and an accumulation of newly synthesized FCERI on
the cell surface (29).

IgE has also been linked to autoreactivity in atopic dermatitis. In a study
by Valenta et aI., human serum from 12 of 20 patients with pronounced skin
lesions was found to have self-reactive IgE antibodies (Abs), suggesting that IgE
autoimmunity occurs frequently in atopic dermatitis patients and that this may
be of pathogenic relevance (21). Valenta et al. suggested two possible pathomech
anisms for self-reactive IgE Abs: first, that autoallergens may cross-link effector
cell-bound IgE autoantibodies and release inflammatory mediators, leading to
immediate-type sensitivity reactions; second, that IgE-mediated presentation of au
toallergens may activate autoreactive T cells, causing release of proinflammatory
cytokines, contributing further to this cascade in an allergic tissue reaction (6).

G. Keratinocytes

Keratinocytes actively participate in the pathogenesis of AD by producing a num
ber of cytokines and chemokines (Fig. 2) (30,31). GM-CSF and TNFa expression
are markedly enhanced by keratinocytes after activation and are elevated in AD
epidermis (Fig. 2). These keratinocyte-derived cytokines interact with the Type
1 lymphokine IFNy as well as the Type 2 lymphokine IL-4 to induce a variety
of inflammatory chemokines (Fig. 2). GM-CSF is important for LC and APC
growth and survival, possibly explaining the expansion of LCs and IDECs in
AD, while TNF is critical for APC/dendritic cell differentiation (32) (Fig 2).

CCL5 is upregulated by TNFa, and its expression is increased in AD (Figs.
1,2) (33). CCL5, together with GM-CSF and CCLlI, are important eosinophil
attracting chemokines (34). In addition, CCL5 acts not only as a chemoattractant
but also as an eosinophil activator in the skin of AD patients (35), while GM
CSF promotes eosinophilic survival in AD skin (36,37).

Chemokine CCLl7 (TARC-Thymus and Activation-Regulated Chemo
kine) has been found in the keratinocytes of AD lesional skin (38) and, like CCL5,
can be induced by IFNy and TNFa (39). CCLl7 attaches to Type 2 cells via
the CCR4 receptor. An upregulation of skin homing surface molecules
CLA+CCR4+ on lymphocytes has been shown in peripheral blood from AD
patients (38) (Fig. 2).

Eosinophil counts are elevated in AD and undergo activation. Substances released
from degranulated eosinophils such as major basic protein (MBP), cationic pro-

H. Eosinophils
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tein, and eosinophil-derived neurotoxin are toxic and induce tissue injury in AD.
MEP is distributed throughout the AD dermis and is capable of degranulating
mast cells (15). Eosinophils are induced by the Type 2 cytokines IL-4, GM-CSF,
and IL-5. The ability of eosinophils to secrete IL-12 upon exposure to Type 2
cytokines is thought to playa role in the emergence of Type } T cells in more
chronic lesions of AD (40).

Eosinophils are targeted by the chemokine CCLl} (eotaxin). CCLl} acts
as a potent chemoattractant to eosinophils and basophils. Eotaxin is produced
by eosinophils, lymphocytes, monocytes, and basophils; its receptor, CCR3, is
expressed by eosinophils, basophils, and preferentially expressed on activated
Type 2 T cells (41). This may be a mechanism by which a positive feedback
loop sustains a Type 2 response in AD lesions (Fig. 2).

I. Basophils/Mast Cells

Both basophils and mast cells originate from bone marrow progenitors. Basophils
complete their maturation before being released from bone marrow into the circu
lation. In contrast, mast cells complete their maturation after migrating into tis
sues. Both cells express high-affinity FCERI on their cell membranes. IgE cross
linking with FCERI on the cells results in histamine release, causing immediate
hypersensitivity. The spontaneous histamine release by basophils is increased in
AD. The presence of mast cells in the chronic lesions may be relevant to the
acute flare-ups associated with AD.

III. BIPHASIC FEATURES OF ATOPIC DERMATITIS
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Although the early acute phase of AD is predominantly Type 2 driven, later,
Type I T cells also participate (Fig. }).

IL-4 is made predominantly in the initial phase by Type 2 T cells and
shifts to a Thl/ThO response in the late and chronic phase associated with IFNy
producing T cells as well.

The biphasic nature of this disease was also shown using patch test studies
in skin from patients with AD. Patch tests of the skin are considered to be an
in vivo model of AD, as they are similar to atopic eczema both clinically and
histologically. Analysis of T-cell cytokine expression during tlle development of
atopy patch-test lesions revealed that in the early phase (within 24 hours) of
inflammation, AD patients showed a positive patch-test reaction having an in
crease in IL-4 mRNA and protein after which IL-4 expression declined with time
(48, 72, 96 hours after allergen application). In contrast, increased IFN-y mRNA
expression was not detected in 24-hour patch-test lesions but was strongly overex
pressed at later time points (>48 hours). This expression was not seen in patients
who were not atopic (42,43).
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Because differentiation of T cells to Type 1 has been shown to be induced
by LL-12, LL-12 was subsequently studied in AD. A peak in LL-12 expression
was observed to precede the elevation of IFNy mRNA expression in evolving
dust mite allergen-induced patch test lesions (43-45), and IL-12 mRNA is also
observed to be increased in chronic skin lesions of patients with AD (46). IL
12 detection was observed with infiltration by macrophages and eosinophils (47).
Thus, IL-12 production in AD lesions by macrophages, APCs, or eosinophils,
combined with chemokines attracting Type I T cells with CCRS and CXCR3
receptors, may lead to IFNy production in chronic lesions. These lesions are asso
ciated with epidermal hyperplasia. IFNy-producing T cells, dependent upon both
IFNy and GM-CSF, are capable of inducing noncycling resting basal epidermal
stem cells to enter cell cycle and start multiplying, resulting in epidermal kerat
inocyte growth (48,49) (Fig. 2).

Early in lesional skin, perivascular infiltrates of lymphocytic cells have
cutaneous lymphocyte antigen (CLA) on their surface. This Ag acts as a homing
device, leading these cells to specifically target skin, their desired place of action.
These lymphocytes consist mainly of memory T cells, being CD3, CD4, and
CD45 RO, which suggests a previous encounter with an offending antigen. Mast
cells from different tissues irrespective of their protease phenotype may exhibit
functional differences in their responses to non-IgE-dependent activators and
pharmacological modulators of activation. Mast cells are increased in number at
lesional sites of AD.

IV. SUMMARY
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We have discussed briefly the aspects involved in AD cellular immunology. We
now understand the importance of the skin and its function as a barrier against
offending environmental insults as well as the threat by skin flora to a person with
AD whose barrier function is compromised. In AD, Langerhans cells, monocytes/
macrophages, T and B cells, keratinocytes, eosinophils, and mast cells are acti
vated with cytokines largely involving T cell Type 2 (initial, early, and acute
phase) and Type 1 (chronic and late phase). The presence of high-affinity IgE
receptors that are important to the presentation of allergens and antigen are upreg
ulated in AD. These high-affinity receptors panicipate in the inflammatory cas
cades of AD. The roles of chemokines in skin homing cells that allow proper
trafficking of these complexes to their proper tissue destination are also upregu
lated in AD. In the following chapters, the reader will have the opportunity to
learn about the function of many of these cells. It is our hope that this brief
overview gives more insight into the etio-pathogenesis of this disease and how
medical therapeutics for this disease can be most effective.
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I. INTRODUCTION

Keratinocytes support the initiation and amplification of skin inflammatory and
immune responses through the regulated expression of an array of mediators.
Keratinocytes cultured from nonlesional skin of atopic dermatitis (AD) patients
produce higher amounts of certain cytokines and chemokines compared to kera
tinocytes cultured from nonatopic subjects. Exaggerated release of these factors
can be important for enhanced recruitment as well as sustained survival and acti
vation of inflammatory cells, including dendritic cells and T lymphocytes. Recent
evidence indicates that AD keratinocytes have a dysregulated activity of activator
protein (AP)-l transcription factors, which can help to explain the abnormal ex
pression of granulocyte-macrophage colony-stimulating factor (GM-CSF) and
other cytokines and suggests the existence of molecular mechanisms targeting
atopic inflammation to the skin of AD patients. In this chapter we outline current
knowledge supporting the concept that keratinocytes actively contribute to the
pathogenesis of AD.

231

Keratinocytes are the most abundant cell type of the epiderrrus and can be induced
by different stimuli to initiate a program of expression of a variety of molecules

II. KERATINOCYTES ACTIVELY PARTICIPATE
IN THE AMPLIFICATION OF SKIN
INFLAMMATORY RESPONSES
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active in modulating skin immune responses. Recent acquisitions have also dem
onstrated that any perturbation of the epidermal permeability barrier represents
per se an effective mechanism leading to cutaneous inflammation, since the cy
tokines and growth factors released by keratinocytes as autocrine regulators of
barrier homeostasis can also favor the development of inflammatory reactions
(1). The contribution and mechanisms of impaired skin barrier function to AD
pathogenesis has been addressed in previous chapters. Among the environmental
factors, ultraviolet radiation, irritants, bacteria-derived products, and reactive
haptens have been identified as triggers of the inflammatory activities ofkeratino
cytes.

However, the most thoroughly investigated keratinocyte-activating factors
are cytokines, especially those secreted by T lymphocytes. Indeed, resting kera
tinocytes express functional receptors for and are sensitive to T-cell-derived cy
tokines and can thus actively participate in the amplification of skin inflammatory
reactions induced by T cells. T lymphocytes playa fundamental role in the patho
genesis of chronic skin disorders such as AD, allergic contact dermatitis to hap
tens, and psoriasis. In these conditions, infiltrating T lymphocytes release cyto
kines, which stimulate keratinocytes to express soluble and membrane mediators
with a primary role in the recruitment, retention, and activation of T cells and
other leukocytes in the skin.

Interferon (IFN)-y is the best characterized proinflammatory cytokine for
keratinocytes. IFN-y-producing T-cell clones dominate psoriasis and allergic
contact dermatitis lesions (2) but also intervene in the establishment of chronic
AD lesions (3). After exposure to IFN-y, keratinocytes express on their surface
the adhesion molecule intercellular adhesion molecule (ICAM)-l, crucial for T
cell retention in the epidermis (4,5). Basal and suprabasal keratinocytes of chronic
AD lesions express ICAM-l (Fig. 1), although not to the extent observed in
allergic contact dermatitis or psoriasis, and this expression can be an indicator
of the presence of some IFN-y-releasing T cells in the underlying infiltrate. More
over, IFN-y upregulates MHC class I molecules, induces de novo synthesis of
mature MHC class II molecules, and upregulates Fas expression, thus rendering
keratinocytes sensitive to Fas-mediated lysis (6,7). IFN-y induces keratinocyte
expression of cytokines with a well-recognized role in skin inflammation, includ
ing interleukin (IL)-l a, IL-l receptor antagonist (IL-l ra), tumor necrosis factor
(TNF)-a, and GM-CSF (8), and a variety of chemokines active in T-cell at
u'action, including intelferon-induced protein of 10 kDa (IP-lO/CXCLlO), IFN
inducible T-cell a-chemoattractant (I-TAC/CXCLlI), monokine induced by
IFN-y (Mig/CXCL9), and monocyte chemoattractant protein (MCP)-l/CCL2 (9).

The efficiency of IFN-y in activating keratinocytes is enhanced by co-treat
ment with other cytokines, such as TNF-a and IL-17 (5,9). During chronic in
flammatory diseases, TNF-a is released throughout the epidermis by activated
keratinocytes and by infiltrating leukocytes (10), and, in tum, TNF-a is very
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Figure 1 ICAM-I is expressed by basal keratinocytes in chronic AD lesions. Frozen
sections from chronic AD lesions were incubated with anti-ICAM-I monoclonal antibody
and stained with an indirect immunoperoxidase system. ICAM-I is expressed by endothe
lial cells, the vast majority of the dermal infiltrate, and by basal keratinocytes (arrows),
especially in those areas overlying the inflammatory infiltrate.

effective in inducing fL-8/CXCL8 and RANTES/CCL5 expression in keratino
cytes (5). Among T-cell-derived cytokines abundantly released in the skin in the
course of AD, IL-4 has been characterized as an active contributor to keratinocyte
activation only recently (9,11). Cells expressing IL-4 can be detected even in the
uninvolved skin of patients with AD, and their number increases prominently in
acute and chronic lesions (12). Keratinocytes express functional IL-4 receptor,
and although IL-4 alone has a modest capacity to induce cytokine release by
keratinocytes, it effectively reinforces the activity of other T-cell-derived proin
Aammatory cytokines. In particular, IL-4 potentiates IFN-y and TNF-a in the
induction of CXCR3 agonistic chemokines such as IP-lO and Mig and hence
elicits T-Iymphocyte attraction into the inflamed skin (9).

III. KERATINOCYTES FROM AD PATIENTS PRODUCE
AUGMENTED AMOUNTS OF GM-CSF AND OTHER
PROINFLAMMATORY CYTOKINES

GM-CSF is readily produced by epithelial cells in response to autocrine IL-Ia
and TNF-a and to the T-cell-derived cytokines IFN-y, IL-4, and IL-17 (8,11,13).
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GM-CSF promotes the proliferation and survival of keratinocytes, T cells, eosino
phils, monocytes, and dendritic cell precursors. In addition, GM-CSF can favor
the recruitment and activation of monocytes, basophils, eosinophils, and dendritic
cells, thus providing powerful mechanisms for the initiation and perpetuation of
inflammation. In the context of atopic diseases, a prominent increased expression
of GM-CSF has been documented in nasal and bronchial epithelial cells of rhinitis
and asthma patients, respectively (14-17), as well as in peripheral blood mononu
clear cells of AD patients (18). We have shown that GM-CSF is overexpressed
in keratinocytes of AD lesions and that keratinocytes cultured from nonlesional
skin of adult AD patients produce higher levels of GM-CSF, both basally and
in response to JL-l a, IFN-y, or phorbol esters (PMA), when compared to kera
tinocytes from nonatopic individuals (Fig. 2) (8,13). In addition, supernatants
from atopic keratinocytes are able to strongly stimulate mononuclear cell prolifer
ation in a GM-CSF-dependent manner, and conditioned medium from PMA
treated AD keratinocytes, together with exogenous JL-4, can support phenotypi
cal and functional differentiation of peripheral blood monocytes into dendritic
cells. These findings could explain the persistence of a heavy infiltrate of "in
flammatory" dendritic cells in AD skin (13). Other than GM-CSF, AD keratino
cytes release higher amounts of TNF-a (Fig. 2), IL-la, and IL-l receptor antago
nist following IFN-y stimulation (8). In the context of chronic AD lesions,
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Figure 2 Keratinocytes cultured from AD patients express higher amounts of GM-CSF,
TNF-a, and RANTES mRNA compared to keratinocytes from healthy control. Northern
blot analysis of keratinocyte cultures prepared [Tom a nonatopic, healthy individual and
normal-appearing skin of a patient with AD. Cells were left untreated or stimulated with
10 ng/mL phorbol ester (PMA) for 3-12 hours.
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keratinocyte overresponse to IFN-y may serve as a further amplification mecha
nism to enhance disease severity (3).

IV. CONTRIBUTION OF KERATINOCYTES TO THE
RECRUITMENT OF INFLAMMATORY CELLS IN AD
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The lymphocytic infiltrate of AD consists predominantly of dendritic cells and
memory CD4+ T cells (12). Essentially all T cells infiltrating the skin lesions
express the cutaneous lymphocyte-associated antigen (CLA), which functions as
a skin homing receptor for T lymphocytes by mediating T-lymphocyte rolling
over E-selectin expressed by activated endothelial cells. More recently, chemo
kine receptors have been indicated as important regulators of the tissue targeting
of T lymphocytes. In line with this concept, it has been shown that skin-seeking
CLA + T cells co-express the CCR4 receptor, the ligand for TARC (thymus and
activation regulated chemokine, CCLl7) and MDC (macrophage-derived chemo
kine, CCL22) (19). CCR4 is also preferentially expressed by Th2 compared to
Thl lymphocytes (20). Keratinocytes offer numerous chemotactic signals for the
attraction of T lymphocytes in lesional AD skin. In acute and, to a lesser extent,
chronic AD lesions, enhanced keratinocyte expression ofIL-16 mRNA has been
associated with increased numbers of skin-infiltrating CD4+ cells (21), and IL
16 has been shown to exert chemotactic activity towards different CD4+ cells,
including CD4+ T cells and CD4-bearing eosinophils (22). Keratinocytes of the
lesional epidermis can also contribute to the selective recruitment of CCR4+
lymphocytes through the production of TARC (23). MCP-I is another chemokine
strongly expressed by basal keratinocytes of lesional AD skin and effective to
wards T cells, monocytes, and dendritic cells (24). Recently, the chemokine
named cutaneous T-cell-attracting chemokine (CTACK/CCL27) has been char
acterized, which could be involved in the attraction of T lymphocytes into AD
lesional skin. CTACK is constitutively produced by keratinocytes, can be po
tently induced by stimulation with TNF-a and IL-I ~ in synergism (25), and pref
erentially attracts a specific, yet undefined, subset of the CLA + memory T cells
(26).

If activated Th2 cells may dictate the initiation phase of AD, subsequently
local inflammation will attract and activate infiltrating cells such as eosinophils,
dendritic cells, and macrophages to produce IL-12, which leads to the expansion
of Th 1 cells. Eventually, IFN-y-producing T cells may be responsible for the
chronic phase of AD and disease severity (3). Keratinocytes could contribute
relevantly to this partial lymphocyte switch through the release of RANTESI
CCL5. Basal keratinocytes of lesional AD skin are committed to neosynthesizing
RANTES, which can be detected at high levels also in skin scales of AD patients
(27). Via the interaction with CCR3, RANTES may playa role in the early re-
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cruitment of Th2 cells and eosinophils, but it is also a powerful chemoattractant
for dendritic cells and monocytes; however, in chronic lesions, RANTES can
also attract Th 1 cells through CCR5 (28,29). In vitro experiments indicated that
keratinocytes cultured from nonlesional skin of AD patients responded to stimula
tion with IFN-y, TNF-a, or PMA with significant higher levels of RANTES secre
tion, when compared to keratinocytes from healthy controls or psoriatic patients
(Fig. 2) (24).

In line with the evidence that keratinocytes are committed to an increased
synthesis of this chemokine is the recent observation that AD patients carry a
functional mutation, responsible for a much higher transcriptional activity of
RANTES promoter (30). In acute and chronic AD lesions, keratinocytes have
recently been reported to synthesize eotaxin/CCLIl and MCP-4/CCLl3, particu
larly active chemokines in eosinophil attraction and activation (31). However,
no significant staining for eotaxin could be found in the keratinocytes of AD
skin in a previous work, while its expression was observed in mononuclear cells,
eosinophils, as well as in fibroblasts (32). Moreover, in vitro studies indicated
that cytokine-activated fibroblasts are major sources of eotaxin and MCP-4 in
the lesional skin (33,34).

V. DYSREGULATED ACTIVATION OF AP-1 TRANSCRIPTION
FACTORS MAY BE IMPLICATED IN THE ENHANCED
EXPRESSION OF SPECIFIC CYTOKINES IN AD
KERATINOCYTES
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Functional polymorphisms in the regulatory/coding regions of clusters of cyto
kine genes have been found in atopic patients, which could be implicated in
the overproduction of cytokines and chemokines observed in AD keratinocytes
(30,35). Furthermore, an altered response to inflammatory stimuli could confer
specific tissue targeting of the atopic syndromes.

In our search for a molecular mechanism underlying abnormal cytokine
production in AD keratinocytes, we have examined GM-SCF expression follow
ing PMA stimulation (36). A similar GM-CSF mRNA decay kinetics in keratino
cytes from both nonatopic and AD subjects indicated that GM-CSF mRNA over
expression in AD keratinocytes was not due to reduced mRNA degradation.
Conversely, GM-CSF gene transcriptional activity was significantly stronger in
AD keratinocytes, both in unstimulated and in PMA-stimulated conditions, and
it was correlated with higher nuclear levels of functional AP-I complexes. A
higher expression level of c-Jun and a more pronounced PMA-induced phosphor
ylation of JunB and c-Fos were observed. Although the activity of AP-l depends
on complex promoter- and tissue-specific cooperation with other transcription
factors, an amplification of its function could seriously affect a variety of AP-l-
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mediated processes. In particular, AP-l binding sites are located in the promoters
of a vast array of cytokines and chemokines, including IL-l, TNF-a, and
RANTES (37,38). The mechanisms that underlie the selective, excessive activa
tion of c-Jun, JunB, and c-Fos in AD keratinocytes are presently unknown. How
ever, it is possible that abnormal function of diacylglycerol (DAG)-dependent
protein kinase C (PKC) isoforms contributes to enhanced AP-l activation (39).
In fact, the epidermis of AD patients is characterized by a marked decrease in
the content of ceramides, which causes a dysfunction in the cutaneous permeabil
ity barrier (40). Cerarnides can compete with the activating binding of DAGs on
distinct PKC isozymes and interfere with PKC functions (41). A defect in cera
mide generation could therefore result in enhanced PKC activation and thus ex
cessive AP-l activation. A constitutive, abnormal activation of signal transducer
and activator of transcription (STAT)-l associated with an increased expression
of its specific target genes has been selectively detected in bronchial epithelial
cells of atopic asthmatic patients, predisposing these subjects to excessive IFN
y-mediated airway inflammation (42). This observation is consistent with the
hypothesis that a dysregulated signal transduction in epithelial cells or other resi
dent cells could underlie an exaggerated response to inflammatory stimuli in
atopic subjects and be involved in the specific tissue targeting of the atopic in
flammation.

VI. CONCLUDING REMARKS

Keratinocytes can participate to the pathogenesis of skin inflammatory diseases
through the production of numerous inflammatory signals, which amplify and
sustain skin inflammation. It is likely that genetic abnormalities affect the consti
tutive and induced production of mediators by AD keratinocytes through complex
patterns involving inflammatory genes themselves and/or signal transduction
pathways. A better understanding of the molecular bases of this abnormal behav
ior may ultimately afford the identification of novel targets for specific and effec
tive therapeutic intervention.
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13
T Cells in Atopic Dermatitis

Thomas Werfel and Alexander Kapp
Hannover Medical University, Hannover, Germany

I. INTRODUCTION

Atopic dermatitis (AD) is a chronic eczematous skin disease, which often begins
early in infancy and runs a course of remissions and exacerbations. T lympho
cytes, which represent the majority of skin-infiltrating cells, playa prominant
role in this skin disease (1-4). A number of studies point to the fact that AD may
be a systemic disease which is reflected by some abnormalities of T-lymphocyte
numbers and circulation functions.

II. T LYMPHOCYTES IN PERIPHERAL BLOOD
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Patients suffering from AD have increased levels of activated circulating T cells
and increased levels of L-selectin and the secretory IL-2R, which are markers
for lymphocyte activation and which correlate with disease severity (5-8). In
addition, Wu et al. (9) recently described a significant reduction of the telomere
length in all T-cell subsets from atopic dermatitis patients compared with normal
individuals. The authors concluded that the increased telomerase activity and
shortened telomere length indicates that T lymphocytes in atopic dermatitis are
chronically stimulated and have an increased cell turnover in vivo (9).

The number of CD4+ cells is increased, and CD8+ suppressor/cytotoxic
lymphocytes are decreased in peripheral blood. However, psychological stress
has recently been shown to lead to significantly higher increases in the number
of circulating CD8 + T lymphocytes in AD patients compared to healthy controls
(10).
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The role of CD8+ T cells is not well defined for atopic dennatitis yet. It
it has been shown, however, that CD8+ T cells that had been isolated from the
circulation expressing the skin-homing molecule cutaneous lymphocyte-associ
ated antigen (CLA) are as potent as CLA + CD4+ T cells in induction of IgE
and enhancement of eosinophil survival, which suggests that these cells have
more than bystander functions in AD (11).

III. HISTOLOGY AND IMMUNOHISTOLOGY OF AD:
PREDOMINANCE OF SKIN-INFILTRATING T CELLS

The skin lesions of AD are histologically characterized by an infiltration of lym
phocytes, monocytes/macrophages, fully granulated mast cells, eosinophils, der
mal dendritic cells, and epidermal Langerhans cells (12,13). Cells of mononuclear
lineages predominate in skin lesions. Mononuclear ceJls and eosinophil granulo
cytes can be found mainly in the dennis (14-16), Langerhans cells with specific
IgE bound to FCERI on their surface in the epidermis (17,18).

The mononuclear infiltrate in lesional skin of atopic dennatitis is similar
to that of allergic contact dermatitis, a T-cell-mediated allergic skin disease char
acterized by a delayed-type hypersensitivity (DTH) reaction, when stained with
immunohistochemical techniques. CD4+ T-helper cells dominate the cellular in
filtrate in atopic dermatitis (1,19). The CD4/CD8 ratio of dennis infiltrating T
cells is similar to that in peripheral blood.

Many intralesional T cells show signs of activation as defined by the mem
brane expression of IL-2Ra. and HLA-DR molecules (2). T cells invading lesional
skin in AD can further be distinguished by CD45RO, a marker of T-memory cells
suggesting a previous encounter with antigen or allergen (20), and by CLA (21).
CLA defines the subset of skin-homing T cells that binds to E-selectin, an adhe
sion molecule expressed by endothelial cells in inflamed tissues during the first
step of leukocyte extravasation (22-24).

IV. T-CELL CYTOKINES IN ATOPIC DERMATITIS:
GENERAL ASPECTS
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Activated T lymphocytes secrete a variety of cytokines, which have effects on
the inflammatory reaction in lesional skin. An important cytokine (probably a
major target of anti-inflammatory drugs like corticosteroids or macrolactams)
is interleukin (IL)-2. IL-2 is a very efficient activator of surrounding resting T
lymphocytes, which may perpetuate the local cellular reaction. It may increase
the clinical reaction since intradermal injection of this cytokine can cause intense
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pruritus (25). In contrast to findings in murine systems, the production of IL
is not restricted to Thl lymphocytes in human beings. Thl and Th2 cytokines
have been investigated in great detail in AD during the last 10 years. Th I cells
are defined by the secretion mainly of IFN-y in men. In contrast, Th2 cells are
defined by the production of IL-4, IL-5, and/or IL-13. Both T-cell subsets secrete
IL-3 and GM-CSF in addition to IL-2 (2). A major function of the Th2 cytokine
IL-4 is displayed on B lymphocytes: IL-4 functions as an IgE isotype switching
factor on these cells (26). Moreover, it upregulates important membrane mole
cules such as CD40, IL-4R, and CD23 on B cells (2,3). The analysis of mitogen
and allergen-stimulated T cells from peripheral blood demonstrated a dysregula
tion of IL-4 and IFN-y secretion with an overproduction of IL-4 in patients suffer
ing from AD (27,28).

v. Th1 AND Th2 CYTOKINES IN LESIONAL SKIN
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Thl and Th2 cytokines may contribute to the pathogenesis of local skin inflam
mation in AD, with the relative contribution of each cytokine dependent on the
duration of the skin lesion. In previous studies, the majority of allergen-specific
T cells derived from skin lesions that had been provoked in patients with the
extrinsic variant of AD by epicutaneous application of inhalant allergens was
found to produce predominantly Th2 cytokines such as IL-4 or IL-5. This was
considered to be a specific feature reflecting immune dysregulation in AD
(29,30). Polarized type 2 cytokine patterns were confined to atopy patch test sites
since allergen-specific T cells in the blood of the same patients secreted both
type 1 and type 2 cytokines (29). Later, allergen-specific T-cell clones from spon
taneous AD lesions showed that these cells differ from allergen-specific T cells
isolated from inhalant allergen patch test lesions by virtue of their capacity to
produce IFN-y as well (3]). This study extended previous findings at the mRNA
level as well as at the protein level, which had shown shown that expression of
IFN-y rather than of IL-4 predominates in spontaneous or older patch test lesions
in AD (32,33). Importantly, treatment of patients that resulted in improvement
of lesions has been correlated with downregulation of IFN-y expression in the
skin, but not of IL-4 (32).

IFN-y may have a number of profound effects on the perpetuation and
enhancement of the inflanunatory reaction in the skin in atopic dermatitis (e.g.,
induction of MHC class I and class II molecules, of adhesion molecules such as
ICAM-], induction of cytotoxic responses) (2). A recent observation pointed out
that IFN-y-secreting T lymphocytes induce apoptosis in keratinocytes by first
upregulating the FAS receptor on these cells and then delivering a lethal hit via
the FAS ligand, which is either expressed on the membrane of skin-infiltrating
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T cells or secreted by these cells. Keratinocyte apoptosis was demonstrated in
situ in lesional skin, in normal human and in a cultured skin-equivalent, which
was exposed to activated T cells (34).

VI. FACTORS CONTRIBUTING TO THE Th1 OR
TO THE Th2 MILIEU IN AD

A number of factors may be involved in the switch from Th2 to Thl in older
lesions. IL-12 appears to be a predominant mediator (Fig. 1). This molecule has
recently been found to be produced not only by constitutive cells (e.g., keratino
cytes, dendritic cells, dermal macrophages) of the skin but also by eosinophils,
an effector cell population actively involved in the eczematous skin reaction (35).
The reason for the relative lack of expression of LL-12 shown on the mRNA level
by in situ hybridization in acute skin lesions (36) is not completely understood.

In vitro induction of IL-12 in resting monocytes requires two signals: a
"priming signal," which can be delivered by IFN-y or GM-CSF, and "second
signal," which can be provided by a wide range of substances (e.g., TNF-a,
CD40 ligand, or LPS). Recent findings showed that the incubation of resting
(unprimed) cells with substances of the latter group leads to an inability of these
cells to respond to further stimulation with an expression of IL-12, probably via
an intracellular ERK-dependant signal-transducing pathway (37,38). One may
therefore speculate that infiltrating CD40L+ T cells act as a second signal and
lead to a refractory state of constitutive cells in the skin with respect to IL-12
production at the beginning of an eczematous skin reaction (38).

Acute ecZemJltull~ ~kill IC'sions Chronic eczematous skin lesions

Figure 1 Cytokine pattern in acute versus chronic eczematous skin lesions.
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IL-18 is another cytokine that functions in parallel to IL-12 and which
is probably involved in the switch of the cytokine pattern towards Thl during
chronification of AD (39). This cytokine activates the IFN-y promotor at an acti
vator protein-I-binding site (40). Little is known yet about the expression of IL
18 in acute versus chronic skin.

The molecule that is the strongest inducer of a type 2 cytokine milieu is
IL-4 itself. This cytokine is produced by skin-infiltrating T cells, but it may also
come from mast cells, basophils, or eosinophils during an eczematous skin reac
tion. The high frequency of IL-4-producing T cells in the skin is not necessarily
associated with atopy since mRNA for IL-4 and T cells expressing IL-4 are found
in nickel-induced patch test reactions as well (41-43). Thus, IL-4 secretion seems
to be related to this particular type of skin lesion (i.e., patch test lesion or acute
eczema).

In acute eczema IL-4 may induce a variety of local responses such as the
induction of the adhesion molecule YCAM-l on endothelial cells or of Fc recep
tors on eosinophils. A recent finding which may be important for the regulation
of the local cutaneous inflammatory reaction is the induction of apoptosis in eo
sinophils by IL-4 (44), which is otherwise delayed in AD (45). Importantly, IL
4 inhibits the expression of the IL-I2~2 subunit on T cells, which is the binding
and signal-transducing component of the IL-I2 receptor (46). Furthermore, IL
4 as well as proinflammatory cytokines like IL-I, tumor necrosis factor (TNF),
and interferons may stimulate the production of eotaxin (47), which is involved
in the chemoattraction of eosinophils and possibly of Th2 lymphocytes.

In conclusion, many findings suggest a compartimentalization of IL-4 pro
duction in acute eczematous reactions irrespective of the nature of the allergen
(i.e., environmental protein or haptenized protein) provoking cutaneous eczema
in humans. There seem to be variations in the kinetics of the expression of Th2
cytokines in acute versus chronic lesions, as the number of IL-5-expressing cells
increases during chronification (48). The rise in IL-5 expression during the transi
tion from acute to chronic AD likely plays a role in the prolongation of eosinophil
survival and function (45,49).

Other cytokines that are differentially expressed in acute versus chronic
AD skin lesions are summarized in Table I (36,48). Interstingly, the expression
of some these cytokines is paralleld by their corresponding cytokine receptors
in acute versus chronic skin lesions (50).

VII. MECHANISM OF ADHESION OF T CELLS IN AD

Lymphocytes circulate through three different types of compartments in the hu
man body that can be divided into primary, secondary, and tertiary lymphoid
organs. In order to arrive in these organs the lymphocytes express adhesion mole-

MARCEL DEKKER, INC.~
270 Madison Avenue. New York. New York 10016 IU?



246 Werfel and Kapp

Table 1 Expression of Cytokines and Cytokine Receptors
in Acute Versus Chronic Lesions of Atopic Dermatitis

Acute
skin lesion

Chronic
skin lesion

Cytokines
lL-4
IL-5
IL-12'
IL-16
IFN-y
GM-CSF

Cytokine receptors
IL4R-a
ILSR-a
GM-CSFR-a

++
+

++
+
+

++
+
+

++
++
+

++
++

+
++
++

, Not produced by T cells.
Source: Refs. 29-33, 36, 48.
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cules which are more or less specific for the target organ. The mechanism of
lymphocyte invasion into the tissues is thought to resemble that of monocytes and
neutrophils, being a multistep process involving attachment and rolling through
selectin-carbohyclrate interactions, activation through chemoattractant-receptor
interactions, and firm adhesion through intergrin-immunoglobulin family interac
tions (24).

More than 80% of skin-infiltrating T lymphocytes express the CLA mole
cule (21). This molecule has been intensively studied with respect to inflamma
tory skin responses in men during the last years. The CLA epitope is characterized
by specific binding to a monoclonal antibody named HECA-452 (21). CLA con
sists of a sialyl Lewis-x carbohydrate and corresponds to a posttranslational modi
fication of the P-selectin glycoprotein ligand 1 (51). CLA expression is dependent
on the activity of a(l,3)-fucosyltransferase (FucT-VII), which is critical in the
fucosylation needed for the functional E-selectins (52). With respect to AD the
expression of CLA has been found to be regulated through superantigen induction
of IL-12, which is probably also mediated through 1,3-fucosyltransferase VII
(53). IL-12 and/or staphylococcal superantigen stimulation upregulated CLA ex
pression on Th2 in a recent study. On stimulation with IL-12, CLA was expressed
also on the surface of T-cell clones, which represented non-skin-related antigen
specific T cells, which suggests that skin-selective homing is not restricted to
functional and phenotypic T-cell subsets (54).
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Santamaria Babi et a!. (23), who investigated proliferative responses to
allergens by circulating T-Iymphocyte subpopulations, observed a mite-specific
response in AD patients sensitized to house dust mite dependent on the subset
expressing CLA. In contrast, in sensitized patients with allergic asthma bronchial
house dust mite-dependent proliferation was found in the CLA-negative subset
(23). This observation points to an immunological mechanism which may target
allergen-specific T cells to the skin in AD. CLA + T cells isolated from the circu
lation showed signs of in vivo activation such as the expression of CD25, CD40
ligand, or HLA-DR. Intracellular cytokine staining immediately after purification
revealed that these cells contain high amounts of lL-13 and IL-5 but only small
amounts of IL-4 or IFN-y (55).

Besides the interaction between CLA and E-selectin, additional binding
between VLA-4 and YCAM-I and between LFA-I and ICAM-I are necessary
for the migration of T-memory cells across activated endothelium into the skin
(56).

VIII. THE ROLE OF T-CELL-ATTRACTING MOLECULES
AND THEIR REGULATION IN AD
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Chemokines are small proteins that playa major role in controlling leukocyte
trafficking (57,58). They are divided into subgroups according to a cystein
cystein motif with varying numbers of amino acids between the cystein residues;
thus there are four subgroups: CC, CXC, CX3C, and C. The receptors for the
chemokines are subdivided in the same manner- CCRI-9, CXCRI-5, and
CX3CRI (59).

Recently it has been demonstrated that the chemokine receptors are ex
pressed in a specific manner between Th I-type and Th2-type lymphocytes, with
CCR5 and CXCR3 preferentially being expressed on Th I-type lymphocytes and
CCR3, CCR4 and CCR8 on Th2-type lymphocytes (60-62). However, the selec
tive expression of these receptors on Th2 cells still is a matter of debate since
CCR4 was reported to be expressed on activated Thl cells as well (63), and we
and others were unable to find significant higher binding of anti-CCR3 antibodies
to well established IL-4-secreting T-cell clones (unpublished observations). Nev
ertheless, there are some well-controlled observations that suggest that these re
ceptors may indeed be involved in chemoattraction of T cells into lesional skin
of AD.

Yestergaard et al. recently found that in the peripheral blood of AD patients
there is a significant upregulation of CLA +CCR4+ cells compared with normal
controls (64). It has been shown that in peripheral blood the lymphocytes express
ing CCR4 include all the cells expressing CLA and a subset of other systemic
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memory lymphocytes, but not intestinal T lymphocytes (a4~7+) (65). In addi
tion, the staining of serial sections of skin biopsies from AD patients demon
strated that the lymphocytes invading the dermis or the epidermis are CCR4+.
As thymus and activation-regulated chemokine (TARC) induces chemotaxis of
CCR4+ cells (62), these results indicate that TARC may be an important che
moattractant for the CLA + CCR4+ cells and thereby skin-homing lymphocytes
in AD. The CC chemokine TARC is an 8 kDa chemokine, which has been found
to be expressed by dendritic cells differentiated from monocytes with granulo
cyte-macrophage colony-stimulating factor, IL-3, and IL-4 (66). Other recent
studies showed that (1) TARC is produced in endothelial cells of the venules of
chronic inflamed human skin (65), (2) TARC is produced abundantly in the basal
keratinocytes of lesional skin in a murine model of AD (67), and (3) TARC can
be produced by a keratinocytic cell line and possibly by keratinocytes in human
skin (64).

Eotaxin, a CC chemokine, is a potent chemoattractant and activator of eo
sinophils and basophils (49,58,68). Recent reports suggest that it also an attractant
for Th2 lymphocytes (61,69). Eotaxin is produced by various cell types including
eosinophils, lymphocytes, macrophages, chondrocytes, fibroblasts, smooth mus
cle cells, and endothelial and epithelial cells (59). The activities of eotaxin are
mediated by binding to the chemokine receptor CCR3, which has been been
found on eosinophils, basophils, dendritic cells, and Th2 lymphocytes (61,68
70). Besides influencing eosinophil recruitment and activation, eotaxin may thus
contribute to the selective infiltration of Th2 subsets in acute lesional as well as
nonlesional AD skin. A marked enhancement of CCR3 mRNA and immunoreac
tivity was detected in nonlesional AD skin as compared with normal skin. This
led to the suggestion that activation of CCR3-positive cells, especially in nonle
sional AD skin, may trigger the development of eczematous lesions. As shown
by the analysis of consecutive sections, the pattern of eotaxin and CCR3 immuno
reactivity partly corresponded to that of CD3 + cells (71).

A recently described CC chemokine, cutaneous T-cell-attracting chemo
kine (CTACK/CCL 27), which is produced in the skin of both humans and mice,
attracts a subset of the CLA + memory T cells (72). The CTACK receptor was
named CRP-2 or CCRIO, and it appears that this molecule is prefentially ex
pressed on CLA + cells (73).

The CLA + subset of memory T cells also expresses CCR6 (74), and many
skin-infiltrating cells were also found to be CCR6+ in a recent study (75). The
authors also found that immunostaining of LARC/CCL20, a ligand of CCR6,
was weak in nonnal skin tissues but strongly augmented in lesional skin tissues
with atopic dennatitis. The authors concluded that epidermal keratinocytes pro
duce LARC/CCL20 upon stimulation with proinflammatory cytokines and attract
CCR6-expressing memory/effector T cells into the dermis of inflamed skin of
atopic dennatitis (75).
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There is some evidence for degradation of the complement component C3
(which can be produced by human keratinocytes and macrophages in human skin)
in eczematous skin lesions, which leads to the deposition of C3 fragments at the
basement membrane (76,77) and probably to the generation of the chemotactic
small C3a fragment. In a recent study we investigated the expression of the high
affinity receptor for C3a (C3aR) in human T lymphocytes using receptor-specific
antibodies (78). C3aR expression was detected in CD4( +) and CD8( +) blood
or skin-derived T-cell clones from birch pollen-sensitized patients with atopic
dermatitis. No significant difference in C3aR expression in CD4( +) or CD8( +)
TCCs was observed. In contrast to C3a(desArg), C3a led to a transient calcium
flux in TCCs expressing the C3aR, whereas C3aR-negative TCCs were unreac
tive. Circulating T cells from patients suffering from severe atopic dermatitis and
other inflammatory skin diseases expressed the C3aR, whereas no expression of
C3aR was found in unstimulated T lymphocytes from patients with mild inflam
matory skin diseases or from healthy individuals. Type I IFNs were identified
as upregulators of C3aR expression in vitro in freshly isolated or cloned T lym
phocytes (78). These data point to a possible biological function of the chemoat
tractant C3a in atopic dermatitis.

Moreover, it has been shown that IL-8 induces transendothelial migration
of CLA + T cells (79). IL-16, a chemoattractant for CD4+ T cells, was also
found to be highly expressed in acute in comparison to chronic AD skin lesions
(80). In summary, these results demonstrate that the process of attracting CLA +
T cells into the skin is complicated and complex and that overlapping signals
rather than a single signal could be responsible for the attraction of T cells.

IX. ALLERGEN SPECIFICITY OF T CELLS IN AD
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The contribution of aeroaJJergens to the pathogenesis of AD has been extensively
studied. In addition to immediate reactions, many patients react to aeroallergen
after epicutaneous application with a late eczematous skin lesions (81,82). These
resemble histopathologically delayed-type hypersensitivity reactions similar to
allergic contact dermatitis (83).

From the model of the so-called atopy patch test (i.e., a patch test with
aeroallergens in AD), experimental evidence was provided that Langerhans cells
are able to present allergen to T cells via IgE bound on high-affinity receptors
for IgE (18,84).

Proliferative responses can often be elicitated in blood lymphocytes with
inhalant allergens, which indicates the presence of a specific T-cell-mediated
hypersensitivity in AD. The clinical relevance of these findings was confirmed
by the observation that proliferative responses to these antigens are significantly
higher in patients with positive patch test reactions to the corresponding allergens
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than in nonreactive patients with AD (85). As described above, an allergen
specific response was observed in patients with AD in the subset expressing the
skin-homing molecule CLA (23,86,87), which points to an immunological mech
anism that targets allergen-specific T cells to the skin in AD. Direct evidence for
the presence of skin-infiltrating, inhalant allergen-specific T cells in AD came
from the analysis ofT-cell clones (TCC), which had been generated from biopsies
of patch test lesions (29,30) and later from spontaneous lesions (31) in AD.

Bohle et a1. investigated T-cell lines and clones that had been established
within a period of up to 4 years from the same patients with AD (88). With the
help of a T-cell-tracing protocol in which oligonucleotides specific for the TCR
~-chain hypervariable junctional region were used as tools to identify each partic
ular TCC, they demonstrated that some pollen- and house dust mite-specific
TCC with a Th2-like cytokine production pattern in vitro could be identified as
long-lived memory T cells in vivo. They concluded that allergen-specific TCC
can persist for years and provided evidence for this finding both in blood and in
the skin of atopic dermatitis.

Besides inhalant allergens, foods are well-established trigger factors of
atopic dermatitis. There are now some studies addressing the role of food-specific
T lymphocytes in these patients.

The expansion of peripheral blood derived CLA+ T cells in response to
casein was described for children with milk-induced eczema, which directly
points to an involvement of food-specific T lymphocytes in a subgroup of children
with atopic dermatitis (86). In addition, we observed significant differences in
the proliferative response of blood lymphocytes between patients who reacted to
milk with worsening of atopic dermatitis and control groups and were able to
generate casein-specific T-cell clones from the blood of these patients (89-92).
Higher proliferative responses to casein-the major protein fraction in cow's
milk and thus the main protein source in the alimentation of many human be
ings-were observed both in atopic children and in adults reacting with worsen
ing of eczema to oral provocation. Whereas casein-specific TCC displayed a Th2
cytokine pattern in milk-response children with atopic dermatitis, casein-specific
TCC from adolescents or adults were found to express a Thl cytokine pattern
in our studies (89,91).

Schade et a1. (93) used an antigen-specific culturing system with autologous
B cells as antigen-presenting cells to establish cow's milk protein-specific T-cell
clones derived from PBMCs in infants with AD in a recent study. Analysis of
antigen-specific cytokine production confirmed that the response was Th2 skewed
in infants with cow's milk allergy. In contrast, infants with atopic dermatitis but
without cow's milk allergy had a Th I-skewed response, with high levels of IFN
yand low levels ofIL-4, IL-5, and IL-13. The authors concluded that food allergy
in infants with AD is associated with production of Th2 cytokines by circulating
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Several studies have shown that human skin dander can trigger immediate hyper
sensitivity reactions in the skin of patients with AD, which suggests an IgE-

antigen-specific CD4+ T cells, whereas tolerance to food antigens is associated
with low levels of these cytokines in infants (93).

The immune responses to casein were further studied with cultured PBMC
and dermal lymphocytes from adult patients reacting to cow's milk with a deterio
ration of eczema using a limiting dilution protocol. The average frequencies of
proliferating T lymphocytes both from peripheral blood and lesional skin were
in the same range when casein or an extract of Der.p. was added to the cultures
(91,92). A food (peanut allergen)-specific T-cell response was also described for
lesional skin in an infant suffering from from AD (94).

The role of foods that cross-react with birch pollen allergens was investi
gated in adolescents and adults with atopic dermatitis who were highly sensitized
to birch pollen antigens (87). In contrast to the majority of birch pollen-sensi
tized individuals, these patients belonged to the group of one third of all sensitized
patients who did not suffer from immediate symptoms to birch pollen-related
foods. They did therefore not maintain a birch pollen-related elimination diet
prior to this study. A subpopulation of the birch pollen-sensitized patients reacted
with a marked deterioration of their eczema upon oral provocation with pollen
related foods, and this clinical reaction was associated with a specific T-cell
mediated immune response to birch pollen antigens: the rate of CLA + blood
lymphocytes from food-responsive patients-but not from nonresponders-in
creased significantly upon in vitro stimulation with birch pollen antigens. Fre
quency analysis revealed higher growth rates of lymphocytes in limiting dilution
assays in the presence of birch pollen antigens when skin-derived lymphocytes
from responders were compared to cells from nonresponders. Finally, the propor
tion of specific T-cell clones generated from limiting dilution cultures of the skin
was significantly higher when we compared cel1s from reactive patients to cells
from nonreactive patients (87).

x. THE ROLE OF AUTOANTIGENS, STAPHYLOGENIC
PROTEINS, AND PITYROSPORUM OVALE

By the use of limiting dilution cultures, allergen-specific T cells have been shown
to represent only a minority (1-5%) of infiltrating T cells in lesional skin (29,31).
Therefore, other factors that lead to the activation of T cells at the site of inflam
mation are probably involved in the pathogenesis of atopic dermatitis.

A. T-Cell Responses to Autoantigens
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dependent immune reaction. In 1963, a proliferative response to human skin ex
tracts was reported by Hashem et al. (95). Valenta et al. (96) reported that the
majority of sera from patients with severe AD contain IgE antibodies directed
against human proteins. This group cloned some autoantigens that they detected
in IgE immune complexes of AD sera. Although the autoantigen-specific T-cell
response has not been characterized, these findings may lead to the hypothesis
that T-cell-mediated responses to autoantigens are involved in the maintenance
of chronic inflammatory skin reactions in AD patients with low or absent specific
responses to conventional allergens (96).

B. T-Cell Responses to Staphylogenic Proteins
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Infections with Staphylococcus aureus have been studied extensively as possible
trigger factors of AD. These bacteria can be detected on the skin of more than
90% of all AD patients (97,98). Exotoxines are detectable in up to two thirds of
all cultures containing S. aureus generated from skin swabs in AD (99). Both
autologous and allogeneic and even xenogeneic antigen-presenting cells are able
to stimulate up to 25% of the T-cell pool in the presence of superantigens, which
are strong mitogens even at a concentration of 10-10 M (l00). On the other hand,
a "conventional" allergen that undergoes classical antigen presentation may
stimulate about 0.1 % of allergen-specific T cells in a MHC-restricted fashion via
their T-cell receptors.

Different pathways ofT-lymphocyte activation may be involved after stim
ulation with different concentrations of exotoxins in patients with atopic derma
titis. The influence of exotoxins on T-cell proliferation and production oflympho
kines seems to be dependent on their concentration. In the nanogram range and
more, TSST-I induces a strong proliferation of PBMC with an increase in IFN
y secretion and consequently causes an inhibition of the synthesis of total IgE.
At picogram and femtogram concentrations, TSST-1 leads to lower IFN-y pro
duction and promotes polyclonal B-cell activation via bridging the TCR and the
MHC class II on B cells with an increase in total IgE (101). In a humanized scm
mouse model, where hu-PBMC were administered intraperitoneally followed by
an intradermal injection of autologous PBMC, the epidermal application of both
SEB (50 ng) and mite allergens together elicited a profound dermal and epidermal
inflammation, whereas the application of SEB alone resulted in a weaker in
f1anunation. Mite allergens alone had no effect, although the donor was sensitized
to mites. Intraperitoneal application of SEB and mite allergen together resulted
in an inhibition of total and specific IgE synthesis of peritoneal PBMC (l02).
These data indicate that exotoxins at higher concentrations induce a strong prolif
eration of T cells and favor a Th I-like cytokine profile.

Different groups have shown that exotoxins can exacerbate cutaneous le
sions of atopic dermatitis acting as superantigens. T cells of patients with atopic
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dermatitis expressing certain TCR-V~ chains are activated upon incubation with
staphylococcal superantigens in the skin. Strickland et a1. demonstrated that colo
nization with toxigenic S. aureus strains is associated with an expansion of T
cells expressing the appropriate TCR-V~ chains among the CLA+ T-cell subsets
in the peripheral blood (103). Similarly, patients with active atopic dermatitis
had a higher percentage of cells positive for the TCR V~2 and V~5.1 in the
CLA+. but not in the CLA - subset. Furthermore, the authors found an increased
proportion of HLA-DR+ cells in the compartment expressing CLA and TCR
V~5.1 in patients with active atopic dermatitis (104). Leung et a1. demonstrated
that staphylococcal exotoxins were able to upregulate the expression of the cuta
neous homing receptor CLA on normal PBMC by induction of IL-12. Further
more, selective TCR V~-chains were induced (53). These findings indicate that
exotoxins may contribute to the pathogenesis of atopic dermatitis by increasing
the frequency of superantigen-reactive T cells able to migrate to AD lesions.

In some patients with atopic dermatitis, preferential expression of certain
TCR V~ chains were also found in lesional skin. The pattern of TCR V~ expres
sion was heterogeneous among patients and were related to different exotoxins
in one patient (105). Neuber et a1. found that most of the T cells detected in
lesional skin were TCR V~3+, and PBMC from patients with atopic dermatitis
showed a significantly higher proliferation and IL-5 secretion than healthy indi
viduals after stimulation with monoclonal antibodies against TCR V~3 and TCR
V~8 (106).

A shift in the intradermal TCR-V~ repertoire corresponding to the respec
tive superantigen was found in lesional skin of children with atopic dermatitis
by immunohistochemical staining (107). Skin biopsy specimens obtained from
SEB-treated areas demonstrated a selective accumulation of T cells expressing
staphylococcal enterotoxin B (SEB)-reactive TCR-V~ elements in patients with
atopic dermatitis and healthy individuals (108). Different groups showed that
disease activity in children colonized with toxigenic S. aureus strains is higher
than in patients colonized with nontoxigenic strains. which underlines the clinical
importance of these data (107,109).

In addition, superantigens might enhance the specific T-cell response to
aeroallergens in patients with atopic dermatitis by the recruitment of superanti
gen-reactive T cells bearing the appropriate TCR-V~ elements in the skin, which
are specific to aeroallergens.

Leung et al. (110) first proposed tl1at superantigens may exacerbate AD by
acting as a new group of allergens, since specific IgE to SEA, SEB, and TSST-l
could be detected in the sera from 57% of AD patients, most of whom were
identified as carriers of toxigenic S. aureus strains. Basophils of these patients
were found to release histamine upon incubation with the respective toxin, which
points to a functional role of these antibodies in patients with atopic dermatitis
(110).
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Recently we showed that adults suffering from atopic dermatitis who are
sensitized to the SEB have a higher disease activity as assessed clinically and
by determination of eosinophil protein mediators in serum and urine as in vitro
parameters of inflammation (111). Our results are concordant with the findings
of Nomura et aI., who demonstrated a correlation between IgE anti-SEB levels
and severity of atopic dermatitis in children and adolescents (112). Additionally,
Bunikowski et al. found a relationship between a sensitization to staphylococcal
enterotoxins A and B, found in 34% of children with atopic dermatitis, and the
severitity of atopic dermatitis (113). One can speculate that staphyloccal exotox
ins may exacerbate skin lesions in atopic dermatitis through the same mechanism
that is now widely accepted for inhalant allergens: the presence of exotoxins on
the skin could lead to a release of proinflammatory mediators from cutaneous
mast cells and a subsequent pruritus and scratching. Perhaps more importantly,
the toxins may bind to specific IgE on the surface of Langerhans cells, thus lead
ing to a facilitated allergen presentation and to the activation of eotaxin-specific
T lymphocytes.

In a recent publication Campbell et al. demonstrated that children under 7
years with atopic dermatitis more frequently have IgG antibodies to SEB-and
thus a T-cell-dependent specific immune response-than normal controls. In
addition, atopic children have higher levels of SEB-specific IgG than controls
(114). This suggests that the increased titers of SEB-specific IgG are caused by
increased superantigen exposure, i.e., colonization with SEB-producing strains.

To investigate the extent to which staphylococcal exotoxins activate T cells
as superantigens or as allergens, we generated exotoxin-reactive T-cell lines
(TCL) from lesional skin and blood of adult patients who suffered from a long
standing severe atopic dennatitis and who were colonized with exotoxin-reactive
S. aureus strains. We not only found a superantigen-mediated T-cell response
but also an allergen-specific T-cell response to staphylococcal exotoxins in TCL
from lesionaJ skin and blood of patients with atopic dennatitis, who were colo
nized with toxigenic S. aureus strains (K. Breuer et aI., unpublished).

C. T-Cell Responses to Pityrosporum ovate
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In addition to S. aureus, the saprophyte Pityrosporum ovale is believed to elicit
a specific immune response and thus provoke eczema in the face and neck of
AD patients (115). The yeast Malassezia furfur, also known as Pityrosporum
orbiculare (ovale), is part of the normal microAora of the human skin but has
also been associated with different skin diseases, including atopic dermatitis.
More than 50% of atopic dermatitis patients have positive skin tests and specific
IgE to M. fUifur extracts. However, the pathophysiological role of these IgE
mediated reactions in the development of the disease remains unknown. An en
hanced lymphocyte proliferative response to P. ovale antigens was detected in
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AD patients with manifestations of the skin disease in the above localizations,
and specific T-cell clones could be established from lesional skin of these patients
(116). A number of allergens from Pityrosporum ovale have now been selectively
cloned, which will enable studies of specific T-cell responses in more detail (117).

XI. COMPARISON OF T-LYMPHOCYTE
CHARACTERISTICS IN INTRINSIC VERSUS
EXTRINSIC AD
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AD is most often associated with the existence of environmental-allergen specific
IgE. This variant is now often called the "extrinsic" form of AD. As described
above, there is increasing evidence that T-cell responses to environmental aller
gens are important for the pathogenesis of AD. Elevated IgE was, however, found
only in 60-80% of all AD patients, which is therefore not a strong prerequisite
of atopic dermatitis (118,119).

The extrinsic variant of AD has been differentiated from an "intrinsic"
variant, which has been found in 20% of diseases with the typical clinical appear
ance of AD but without specific IgE in studies of the 1970s and 1980s. Recent
data from Schafer et aI., coming from a multicenter cross-sectional study of ap
proximately 4,000 5-6-year-old preschool children, point to a dramatic increase
in the intrinsic type of AD: only 50.4% of children with eczema in West Germany
and 36.5% of diseased children in East Germany reacted positively in skin prick
tests to conventional allergens (120). Although the intrinsic variant is defined by
the lack of environmental or food-specific IgE, it might be associated with circu
lating and skin-infiltrating T lymphocytes expressing a distinct functional pheno
type.

The rate of positive patch test reactions to inhalant allergens such as house
dust mite has not yet been determined in a sufficiently large group of patients
with intrinsic-type AD, and no data are available about putative allergen-specific
T cells in the intrinsic variant so far. Previous studies have, however, consistently
found small subpopulations of AD patients reacting to inhalant allergens in patch
tests without displaying a specific IgE response to these allergens (82,85).

In previous studies applying oral provocation tests in adult AD patients,
no correlation between specific lymphocyte proliferation and specific IgE was
found (91). A lack of correlation between specific IgE and the clinical response
to food has been reported for food-responsive AD (121,122). This indicates that
an IgE-independent mechanism may be involved in the eczematous reacton to
food in some patients stressing the pathophysiological role of allergen-specific
T lymphocytes in AD and a putative role of T- cell-mediated food-specific reac
tions also in the intrinsic type of AD.
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Akdis et al. (123) showed that the staphylococcal superantigen SEB induces
a significant proliferation of T lymphocytes derived from lesional skin of patients
with both the extrinsic and the intrinsic form of atopic dermatitis in a dose-depen
dent manner. In contrast to T lymphocytes derived from the skin of patients with
the extrinsic form of AD, cells from patients with intrinsic AD failed to produce
significant amounts of IL-13 upon incubation with SEB, which would therefore
be unable to offer help to B cells to produce specific IgE in these patients (123).
The characterization of the cytokine pattern of skin- infiltrating cells further
showed that IL-4 is not secreted by skin-infiltrating T lymphocytes in both types
of AD. In contrast, IL-5 was found to be expressed in both the intrinsic and
extrinsic types of AD. Skin-derived T lymphocytes from the intrinsic type of AD
generally expressed lower IL-13 than T cells from the extrinsic type, which points
to a different immune mechanism in the skin in spite of the common clinical
morphology of the different variants of AD (123).

A lack of IL-4 but a high IL-5 secretion of blood lymphocytes from patients
with the intrinsic variant of AD was described by Kagi et al. (124). High IL-5
production may well explain the blood eosinophilia and the delayed apoptosis
of blood eosinophils observable in both variants of the disease (45). In addition

Table 2 Immunological Findings in Intrinsic and Extrinsic
Variants of AD

Parameter

Blood
IgE
Eosinophils
Survival of eosinophils
Soluble IL-2R
CD4+ T lymphocytes
HLA DR + lymphocytes
IL-2R + lymphocytes
CD23+ B lymphocytes
IL-4-secreting T cells
IL-5-secreting T cells
IL-I3-seueling T cells
IFN-y-secreting T cells

Skin (spontaneous lesions)
IL-4-secreting T cells
IL-5-secreting T cells
IL-13-secreting T cells
IFN-y-secreting T cells

Intrinsic
variant

normal
nll
lln
1111

11
11
11

n
n
n

n
n
n

Extrinsic
variant

1111
nn
lln
1111

11
11
11
11
n
n
n
n

n
nn
n
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to IL-S secretion, Kagi et a1. found a similar activation pattern of IL-2R + and
HLA DR + blood lymphocytes in both forms of AD (124). The only membrane
molecule of circulating lymphocytes that was exclusively increased in the extrin
sic variant of AD was the (IL-4-regulated) low-affinity Fc receptor for IgE
(CD23) on B lymphocytes. Table 2 summarizes some immunological findings
in the intrinsic and the extrinsic variants of AD (123-127).

Immunohistological studies on skin-infiltrating cells in both variants of AD
revealed that the majority of the cells represented CLA + CD4 + and CD8 + cells,
suggesting an important role for T cells in both groups (122). The CD4/CD8
ratios between blood and skin appeared to be similar, suggesting that both CD4+
and CD8+ T subpopulations are equaJly recruited into the inflammatory sites of
both variants.

Future studies should elucidate whether allergen-specific, superantigen- or
auto-reactive T lymphocytes are sufficient to elevate eczematous reactions in the
absence of specific 19E or whether other factors playa major role in the etiopa
thology of this variant of AD.
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Atopic dermatitis (AD) is a chronic inflammatory skin disease clinically and his
tologically highly similar to allergic contact dermatitis (20,41). Because of this
similarity, the putative pathophysiological relationship between classical IgE
mediated allergic reactions occurring in atopic individuals, i.e., allergic rhinitis
and allergic asthma bronchiale, and eczematous skin lesions in AD remains elu
sive. Our current understanding of allergic reactions in the skin, particularly in
the field of eczematous skin diseases, implies that this kind of cellular infiltrate,
mainly composed of T cells, has to be initiated and/or sustained by antigen
presenting cells (APC). As a rule, T cells require efficient stimulation by APC
in order to become effector cells and to be implicated in a pathophysiological
process. Thus, it is assumed that APC playa key role in driving the inflammatory
reaction in AD lesions (8). Recently, it has been proposed to subdivide AD into
two distinct forms: the "extrinsic" or "allergic" form (occurring in the context
of sensitization toward environmental allergens) and the "intrinsic" or "nonal
lergic" form (occurring in the absence of any typical atopical background) (61).
Based on the above, APC should be involved in both fonns of AD. In this chapter
we will focus on the role of professional APC, i.e., monocytes and dendritic cells
(DC), including epidermal Langerhans cells (LC), since most progress has been
made in recent years in understanding the putative role of these APC in the
extrinsic/allergic form of AD.



268 Wollenberg and Bieber

II. IDENTIFICATION OF APC IN AD SKIN

In the human system, many cell types have been shown to be capable of antige~

presentation. Depending on the more or less inflammatory environment of the
lskin, many cell types, such as epidermal LC, inflammatory dendritic epidermal

cells (IDEC), dermal dendritic cells, skin macrophages, B cells, and even keJ
ratinocytes, may bear an antigen-presenting capacity. However, differences be-l
tween a capacity for primary and secondary immune responses as well as quanti
tative differences in the strength of the established immune response must be
considered.

Dendritic cells are a morphologically and functionally defined but growing
family of cells, which may be found in small percentages in most organs of the
human body (3,47) and may be further divided into myeloid and lymphoid types'l
Dendritic cells are the most efficient of all APC and are capable of the initiation
of both primary and secondary immune responses. I

oj

..:l

M
!
Q>

~
.~

8
MARCEL DEKKER, INC.~

270 Madison Avenue. New York. New York 10016 IU?

Langerhans CellsA.
I

Langerhans cells are the exclusive DC population of the normal, uninflamed hu-
man epidermis and are capable of initiating primary and secondary immune re
sponses. Of all DC subtypes of the human body, LC are the most intensively
investigated cell population and are thus regarded as paradigmatic DC. LC are
defined as bone marrow-derived, epidermally located, dendritically shaped,
antigen-presenting cells, which contain Birbeck granules and express CDla and
class II molecules (57). In the epidermis, LC form a close network with their
dendrites, which may be regarded as a first barrier of the immune system towards
the environment. All antigens penetrating the human body as well as locally
produced self-antigens have to pass this first immunological wall of defense.

The medical student Paul Langerhans (1847-1888) first described the
"high level clear cells of the epidermis" in 1868 when he performed a gold
chloride stain according to Cohnheim on human skin sections (31). Routine light
microscopic examination shows the LC as a clear cell in the basal and supra
basal layer of the epidermis.

LC may be identified by immunohistological stairung of their surface mole
cules HLA-DR and CD lao With this technique, the dendrites of LC are easily
detected between the keratinocytes. The strength of immunohistochemistry lies
in the preservation of the tissue architecture and the relative distribution patterns
of the cells inside the skin, whereas the lack of quantitative analysis is its main
weakness. In normal human skin, LC are homogeneously distributed at a density
of about 450/mm 2 along the entire body; only palms and soles have lower cell
densities of about 60/mm2 (6). In normal human skin, the LC frequency varies
between 0.5 and 2% of all epidermal cells.
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In addition to immunohistochemistry, the immunophenotype of LC has
been extensively characterized by flow cytometry. This very sensitive technique
allows for quantitative analysis, but it is restricted to trypsin-resistant structures.
In freshly isolated LC, the phenotype has been thoroughly investigated. A variety
of immunoglobulin receptors, MHC class I and class II molecules, and multiple
adhesion molecules are the immunophenotypic hallmark of normal LC. The non
classical MHC class Ib molecule CDla is regarded as the most specific LC marker
for normal human skin available at present. This does not apply to inflammatory
skin conditions, since another CD la-expressing, inflammatory dendritic epider
mal cell (IDEC) population (56) is present in the epidermis (see below). Table I
gives an overview of some relevant markers expressed on LC from normal and
inflamed human skin. The differentiation between normal and inflamed human
skin is important, since the immunophenotype of the LC is subjected to highly
complex regulatory mechanisms: (a) freshly isolated LC change their phenotype
(and function) during short-term culture towards higWy stimulatory dendritic
cells; (2) the inflammatory microenvironment alters the immunophenotype of the
LC in situ; (3) in some skin diseases, e.g., AD, a subset of membrane receptors
is subject to disease-specific regulation (60).

Table 1 Expression of Surface Molecules on COla
Expressing Cells in the Inflamed Epidermis, Shown
Semiquantitatively for LC and IDEC'

, While some surface markers show a rather stable expression,
others are subjected to strong regulatory signals from the epider
mal micromilieu.

COla
COlb
COlla
COllb
COlic
VLA4a
FCERI
FCERTI
FcyRI
FcyRTI
FcyRTII
C036
C080
C086
LAG/Langerin
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The ultrastructural features of LC include a clear cytoplasm, a lobulated
nucleus, and the complete absence of desmosomes, melanosomes, or Merkel cell
granules. Electron microscopic detection of the LC-specific, racket-shaped cyto
plasmic Langerhans cell granules with their characteristic, trilamellar handle, bet
tel' known as Birbeck granules (BG), is the most specific identification technique
for LC BG were described first in 1961 by Michael S. Birbeck, a British scientist
who studied the ultrastructure of LC in vitiligo (12). The function of BG is unclear
at present, but some data suggest a role in antigen processing by the LC (24).
The LC granule antigen CD207, also known as LAG antigen, is a protein of
unknown function, which is exclusively present inside Birbeck granules and may
be detected by the monoclonal anti-LAG antibody (28). More recently another
BG-specific marker, the so-called Langerin, has been characterized (50,51). LAG
and Langerin fail to stain the interstitial-type DC, e.g., IDEC, but exclusively
label the BG-positive LC Cytoplasmic immunostaining of LAG and surface
staining of Langerin are frequently used to quantify or simply demonstrate the
presence of BG without the need to perform electron microscopy. The absolute
specificity of BG for LC was questioned by the recent demonstration of BG-like
structures in EDTA-treated platelets (25), as well as by the observation of com
plete BG absence inside all LC from a perfectly healthy individuum (37). How
ever, BG are still regarded as the most specific LC-identifying feature.

LC take up intact protein antigens or protein-coupled low molecular weight
haptens, which enter the endocytic pathway and are cleaved inside the cell by
limited digestion into small peptides. These peptides are loaded as a rule onto
MHC II or in some instances onto MHC II complexes for antigen presentation
to T cells. LC and DC take up extracellular fluid by means of different processes:
(1) the fluid phase uptake is based on the engulfment of extracellular space by
the plasma membrane and subsequent translocation of the created endosomes
into the endocytic pathway of the cell; (2) in receptor-mediated endocytosis, the
cell is preferentially taking up those molecules binding to specific membrane
bound receptors, such as the mannose receptor or high-affinity receptor for IgE
(see below). The latter mechanism is assumed to playa central pathogenetic role
in IgE-mediated atopic skin disease, namely AD (7).

Migration of LC into the T-cell areas of the lymph nodes is a prerequisite
for initiation of primary immune responses by LC This migration is associated
with a maturation from a good antigen-processing but badly presenting cell type
into a badly processing but extremely well antigen-presenting cell. Isolation and
short-tenn culture of LC initiates a similar maturation cascade in vitro, as has
been shown in the mouse and human systems (43,45). Once migrating through
the lymph vessels, LC are identified as veiled cells. With further migration into
the paracortical area of the lymph node, the veiled cells are now identified as
interdigitating reticulum cells. LC may be driven out of the epidermis by applica
tion of contact allergen via induction of the key cytokines IL-l ~ or TNF-a
(17,21).
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The cell surface molecules involved in the initiation of immune responses
may roughly be grouped into three categories: molecules involved in cell-cell
adhesion (e.g., ICAMI), molecules dealing with peptide presentation (e.g., MHC
molecules), and molecules delivering costimulatory signals (e.g., CD80 or CD86
and CD28). The presence of costimulatory molecules is necessary to direct the
immune system towards an immune response and not tolerance induction. How
ever, LC present in normal human skin do not express CD80 or CD86 but acquire
these molecules during their migration and maturation process (46).
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B. Inflammatory Dendritic Epidermal Cells

Inflammatory dendritic epidermal cells are a non-LC, dendritic cell population,
which accumulates inside the inflammatory epidermis of AD and other inflam
matory skin diseases. They are defined by a moderate CD1a but high CDlib
expression and a lack of the LC-specific BG (56). The immunophenotype of
IDEC has been extensively studied, and with adhesion molecules, MHC class II
molecules, and costimulatory molecules, the essential structures for DC function
have been identified. IDEC have been observed for many years by different re
search groups (2,4,48,49), but ultrastructural and immunophenotypic delineation
of these two cell types in atopic dermatitis has been achieved only recently (56).
The ontogenesis ofIDEC is unclear, but there is indirect evidence for a monocyte
derived origin of these cells. Some key features of epidermal DC in AD lesions,
such as in situ IgE binding and expression of the high-affinity IgE receptor, are
shared by IDEC and LC (60).

Epidermal cell suspensions of lesional and nonlesional human skin of more
than 800 skin biopsies have been analyzed for the presence of IDEe. As a rule,
all inflammatory skin diseases associated with a lymphohistiocytic skin infiltrate
are associated with the occurrence of IDEC in the epidermis. AD, psoriasis vul
garis, allergic contact eczema, mycosis fungoides, lichen planus, as well as the
more uncommon diseases Dorfman-Chanarin syndrome, Oid-Oid disease, and
others, exhibit variable percentages of IDEC inside the epidermis. The more se
vere the lesion and the longer the disease duration, the higher the percentage of
IDEC that can be expected. Normal human skin does not contain significant num
bers of IDEe.

The immunophenotype of IDEC has been thoroughly investigated and in
cludes Fc receptors, MHC molecules, adhesion molecules, chemokine receptors,
costimulatory molecules, the thrombospondin receptor CD36, and the mannose
receptor. An extended phenotype of these cells, as compared to LC, is given in
Table 1. Based on the results of these experiments, IDEC resemble the immuno
phenotype of immature myeloid dendritic cells of the interstitial type (3). In con
trast to LC, which bear a relatively constant immunophenotype, the expression
of some surface receptors on IDEC are highly variable. These variations have
been shown to be related to the underlying skin disease. The highest levels of
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the high-affinity IgE-receptor expression on IDEC were seen in AD, allowing
for a diagnostic application of a standardized DC phenotyping procedure. In a
retrospective analysis of75 skin samples, AD was detected with a high sensitivity
and specificity out of all other inflammatory skin diseases by calculation of the
Fc£RIIFcyRII expression ratio on epidermal DC (59). Most interestingly,
extrinsic/allergic AD but not intrinsic/nonallergic AD could be detected with this
technique, thus arguing against a simple substitution of aeroallergens by skin
derived autoantigens such as the recently identified HornS I (39). In addition, the
high expression of the two Fc receptors for IgG, CD32 and CDM, is a diagnostic
hallmark of psoriasis vulgaris (55). Overall, from a phenotypic point of view,
IDEC from intrinsic and extrinsic forms of AD differ mainly with respect to their
Fc£RI expression, while the expression of other surface molecules, e.g., CD36,
COl b, COlI b, CDSO, and CDS6, is not significantly different.

The ultrastructure of IDEC shows a clear cytoplasm, a lobulated nucleus,
but no BG, melanosomes, Merkel cell granules or desmosomes (56). The lack
of BG or LAG/Langerin-reactivity is a key feature of IDEC and allows the ultra
structural delineation of IDEC from LC (56). Close to the cell membrane, there
are areas with numerous coated pits, coated and uncoated vesicules, which appear
to be fusing with endosomes, thus witnessing the endocytotic activity (A. Wol
lenberg et aI., unpublished).

At present, there is only indirect evidence for the function of IDEe. Earlier
work with epidermal cell suspensions isolated from lesional AD skin identified
a hyperstimulatory role for the epidermal DC towards their autologous T cells,
as shown by 3H-thymidine incorporation assays (35). A special morphological!
maturation state of the epidermal LC was assumed in this paper, but no differenti
ation between LC and IDEC was made.

Following immunohistological and flow cytometric detection of the
mannose receptor on IDEC but not LC, functional analysis of pinocytosis and
receptor-mediated endocytosis by epidermal DC was perfonned in a standardized
technique modified from Sallusto et a1. (44). Mannose receptor-independent up
take of the fluorescent dye lucifer yellow by pinocytosis was seen in both LC
and IDEC, whereas mannose receptor-mediated endocytosis was essentially lim
ited to IDEC and immature monocyte-derived dendritic cells (A. Wollenberg
et aI., unpublished).

oj

..:l

M
!
Q>

~
'~

8
MARCEL DEKKER, INC.~

270 Madison Avenue. New York. New York 10016 IU?

C. Other Antigen-Presenting Cells

The concept of the skin immune system (SIS), as proposed by Bos (13), includes
further cell types with antigen-presenting capacity, which will not be discussed
here in depth due to space limitation. One cell type with a long history of investi
gation, especially in atopic dermatitis, are the macrophages of the mononuclear
infiltrate (32). Macrophages have been demonstrated to produce IL-IO in UV-
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induced dermatitis solaris (27). In vitro, IL-lO prevents the maturation of mono
cytes into dendritic cells but favors the generation of macrophages (1). Another
important cell type, the dermal dendritic cells, have mostly been characterized
in skin lesions of psoriasis vulgaris. Dermal dendritic cells isolated from psoriatic
plaques were much more effective stimulators of spontaneous T-cell proliferation
in the absence of exogenous mitogen as compared with either psoriatic blood
derived DC or dermal DC derived from normal human skin (36,38).

III. IgE-BINDING STRUCTURES ON APC IN AD

The emergence of extrinsic/allergic AD (i.e., a cell-mediated inflammation) in
atopic patients (i.e., individuals prone to increased IgE production and to devel
oping IgE-mediated hypersensitivity reactions) remained puzzling until in the
mid-1980s. The first indication of the presence of an IgE-binding receptor on
epidermal LC came from studies by Bruijnzeel-Koomen et a!. (14). Their obser
vation, that Langerhans cells from patients with AD but not healthy individuals
carried TgE molecules, pointed towards an involvement of an TgE-binding stmc
ture in the disease. At that time, not only epidermal LC but also dermal DC and
macrophages were shown to bear IgE and thus were suspected to playa role in
AD (5,32). Thus, a new pathophysiological concept was proposed in which LC
and/or other IgE-bearing APC would trigger an eczematous inflammation (15).
At least three different IgE-binding structures are known in the human system,
all of which have subsequently been demonstrated on LC: the high-affinity recep
tor for IgE (FcrRI) (9,52), the low-affinity receptor for IgE (FcrRII/CD23) (II),
and the IgE-binding protein rBP (now called galectin-3) (54).

IV. THE HIGH-AFFINITY RECEPTOR FOR IgE ON SKIN DC:
MOLECULAR STRUCTURE, REGULATION,
AND FUNCTIONAL CHARACTERIZATION

The presence of FcrRI has been reported on several types of human professional
APC other than LC, i.e., monocytes (34), blood DC (33), and IDEC (56). Interest-

Epidermal LC and IDEC are known to express all three IgE-binding structures.
Thus, the identity of the relevant IgE-binding structure of cutaneous DC was
unclear for years until we and others demonstrated the presence of FcrRI on LC
(9,52).

A. Molecular Structure of FCERI on APC u
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ingly, FCERI has not been found on APC in mice of any strain. Lacking the
classical ~-chain, FCERI on APC displays a different structure from that on mast
cells or basophils. Consequently, FCERI on human APC is composed of an IgE
binding a-chain and two disulfide linked y-chains (8). This trimeric a,2y structure
retains all the minimal features required for a functional receptor on APC, as
discussed below.
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B. Expression of Fc£RI on APe

On APC, FCERI expression is highly variable. Concerning monocytes, some au
thors report that the receptor expression may be related to atopy (34), while others
found at least low levels of FCERI on monocytes in all individuals (42). In a
recent study we explored the expression of FCERI and other surface markers on
monocytes in a large panel of donors including nonatopics, atopic patients with
allergic rhinitis, and patients with both extrinsic/aJlergic and intrinsic/nonallergic
forms of AD. We showed a significant correlation between the status of the pa
tient and the expression of distinct markers such as FCERI, CD40, or IL-4R on
monocytes (N. Novak et aI., unpublished), supporting the concept of distinct stage
of maturation of monocytes in atopic individuals. Whether this variability is also
found in blood DC (33) still remains to be explored in a large number of individu
als. So far, the issue of variability of receptor expression has been best investi
gated in epidermal LC and monocyte-derived De. For example, it is nearly unde
tectable on the surface of epidermal LC in about 10% of the population, and the
expression is usually low on LC isolated from nonnal skin of nonatopic individu
als (7). In contrast, FCERI expression is dramatically enhanced on LC and IDEC
in lesional skin of AD (56,60). Interestingly, the amount of receptor expressed
on LC/IDEC isolated from lesional skin correlates to the serum IgE level of the
patients (56,60). In other skin diseases, FCERI expression is also increased, but
to a much lesser extent, again suggesting that distinct mediators present in AD
may contribute to a dramatic upregulation of this receptor on LC and IDEe.
thereby increasing the binding sites for IgE. Based on this observation, we devel
oped a new diagnostic tool that makes it possible to establish the diagnosis of
AD (59,60) and to clearly distinguish between extrinsic/allergic and intrinsic/
nonallergic forms of AD (39).

Insights into the mechanisms regulating the FCERI expression in LC have
shown that the IgE-binding a-chain is constitutively expressed il1U'acellularly and
its surface expression is controlled by the variable expression of the y-chain (30).
Further detailed analysis by confocal laser microscopy and biochemistry on
monocyte-derived DC have confirmed that the lack of association with the y
chain is responsible for a segregation of the a-chain in the endoplasmic reticulum
(ER) and that these structures are incompletely processed in terms of glycosyla
tion (S. Kraft et aI., unpublished).
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C. Activation of APC via FceRI

Aggregation of FCERI on normal monocytes and LC does not lead to Ca2+ mobili
zation, whereas LC isolated from AD or monocytes that have been allowed to
adhere to plastic clearly respond with an increase in free intracellular Ca2+ despite
the absence of the ~-chain (26,34). Investigation of the activation cascade initi
ated by FCERI-ligation on APC suggests that, for mast cells and basophils, activa
tion of protein-tyrosine kinases of the src and the syk families are mandatory
proximal events in the signal transduction activation cascade. In APC with low
surface expression, receptor ligation leads to a limited activation of the sig
nal transduction cascade resulting in an inefficient phosphorylation of PLC-y
(S. Kraft et al., unpublished), which explains the lack of Ca2+ mobilization in
LC from nonatopic individuals (26). Finally, cross-linking with anti-CD45 mAb
prior to FCERI aggregation leads to a diminution of the Ca2+ mobilization in
LC from atopic individuals (10). This indicates the role of the protein-tyrosine
phosphatase (PTPase) CD45 in the initiation of the signal transduction.

The investigation of transcription factors putatively mediating FCERI
induced gene regulation has just begun. In general, members of the NF-KB family
are known to regulate APC function and differentiation, with special importance
for the Rel B subunit in DC generation. In addition, Ikaros and PU.1 have also
been shown to be essential factors for DC differentiation, whereas Oct-2 is upreg
ulated by differentiation towards macrophages. Recently, FCERI has been demon
strated to induce NF-KB activation via IKB-a serine phosphorylation and degra
dation in monocytes and DC (S. Kraft et a1., unpublished). Inhibitors of NF-KB
activation such as NAC or TPCK can suppress FCERI-induced TNF-a and MCP
1 release. Interestingly, similarly to the observation mentioned above, in human
LC NF-KB activation can only be observed when high amounts of FCERI are
present. In addition, the composition ofNF-KB complexes differs between mono
cytes, monocyte-derived DC (MoDC) and LC, suggesting a cell-type specific
regulation. Moreover, the transcription factor NFAT is induced upon FCERI liga
tion in human APC (S. Kraft et al., unpublished).

u
.E

~
8
]
::E
iQl
.§,
.~

8
MARCEL DEKKER, INC.~

270 Madison Avenue. New York. New York 10016 IU?

Based on the signal transduction cascade and the activation of transcription fac
tors mentioned above, one may speculate that FCERI ligation on APC triggers
the synthesis and release of mediators that may initiate or modulate local in
flammatory reactions, as has been demonstrated for mast cells. Thus, FCERI/IgE
mediated allergen uptake and subsequent antigen presentation has been consid
ered a key event in the pathogenesis of atopic dermatitis (8). Using this uptake
machinery, APC may, in the presence of antigen-specific IgE, increase their pre-

D. Roles of FceRI on APC in the Generation of the
Inflammatory Reaction: Facts and Speculations
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senting capacity up to 1DO-fold (33). The observation that the presence of FCERI
expressing LC/IDEC, bearing IgE molecules, is a prerequisite to provoking ec
zematous lesions observed after application of aeroallergens to the skin of atopic
patients strongly supports this concept (c. Bruynzeel-Kommen, personal commu
nication). Therefore, IgE receptors are the connecting link between the specificity
gaining 19E molecules and the APC. However, FCERI seems to play the major
role in these phenomenona. It should be noted that FCERl expressed on circulating
monocytes may have other functions, mainly in regulating their survival and dif
ferentiation outcome (29).

Following the presentation of allergens to T cells, allergen-specific B cells
in the periphery may be activated to produce high amounts of allergen-specific
IgE. This IgE may then in tum bind to the FCERl on the antigen-presenting celis,
closing a vicious circle of facilitated antigen presentation (Fig. 1). The intermit
tent or continuous supply of aeroallergens or autoantigens to the process of facili
tated antigen presentation may define the pathophysiological basis of the recur
rent or self-perpetuating course of atopic dermatitis frequently seen in untreated
patients (53). Moreover, it has been proposed, based on the model of atopy patch
test, that AD is a biphasic disease where lL-4-producing Th2 celis predominate
in the very early phase (up to 48 hours), after which a switch to lFN-y-producing
Thl celis occurs under the influence of locally produced IL-12 (22). Either de
novo infiltrating eosinophils (23) and/or IDEC (which in contrast to eosinophils
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Figure 1 Langerhans cells take up intact protein allergens, process them into peptides,
and present those to T cells, activating B cells, leading to a production of allergen-specific
IgE. This IgE binds to the surface of the antigen-presenting cell, thereby enhancing the
allergen-speci fie antigen-presenting capacity of the Langerhans cells about 1DO-fold and
starting the vicious circle of antigen presentation.
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persist in the inflammatory infiltrate of AD) are good candidates for this task.1
This would explain how the skin lesions ultimately resemble classical allergic
contact dermatitis.

The successful application of aeroallergens such as cat dander in the re
cently standardized atopy patch test (18,19) shows that it is possible to provoke
eczematous skin lesions by sole external application of aeroallergens to the nor
mal atopic skin. Based on the facilitated antigen presentation model of AD, the
need for identification of the individual provocation factors in each patient calls
for diagnostic procedures based on the allergen-specific 19E. Cat dander, house
dust mite allergens, and a variety of food allergens may be sucessfully avoided
following a thoroughly undertaken prick test in vitro 19E diagnostic evaluation
and confirmation of relevancy by oral provocation tests where applicable. These
phenomena are summarized in Fig. 2, where the putative initial role of LC is
depicted followed by the amplifying action of IDEC

Figure 2 Possible scenario involving Fc£RI-expressing Langerhans cells (LC) and sub
sequently inAammatory dendritic epidermal cells (IDEC) in the pathogenesis of AD le
sions.
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V. SKIN APC AS THERAPEUTIC TARGETS IN AD

In spite of the still elusive pathogenesis of AD, it is tempting to speculate on
skin DC as potential targets for a therapy of AD. Most of these strategies are
designed to interfere with the cellular integrity of DC or their functional capacity
to process or present antigen.

The induction of skin DC apoptosis by UV light or corticosteroids or bio
chemical, more cell specific targets inducing apoptosis in skin DC is an attractive
strategy, but it interferes with both wanted and unwanted immune responses in
duced by DC. The same holds true for all strategies interfering with the general
capacity of DC to internalize, process, and present antigen, such as pinocytosis,
peptide loading, MHC expression, adhesion or costimulatory molecule expres
sion. Another potential strategy is to interfere with the chemokine and chemokine
receptor-based cell-trafficking system, targeting the DC into the skin and back
to the lymph nodes. Some relevant chemokine receptors have recently been iden
tified (16).

IgE-mediated facilitated antigen presentation of aero-, food, and autoaller
gens is regarded a central pathogenetic event in atopic dermatitis (8). Hence,
another potential srategy is to interfere with this process. This may be accom
plished by downregulation of the FCERI on lesional LC and IDEC or by interfer
ing with the binding of IgE to its receptor by anti-FeERI antibodies or FeERI
antagonists. The selectivity of this approach to IgE-mediated responses seems to
be an advantage over the other, more general strategies mentioned above.

Inhibition of cytokine production or skin DC maturation might be another
worthwhile therapeutic strategy. Finally, immunomodulatory drugs such as ta
crolimus may lead to phenotypic and functional alteration of LC and IDEC if
applied topically to lesional AD skin (58). In addition, these drug effects have
been studied in vitro, where it has been shown that they profoundly affect the
maturation and stimulatory activity of LC (40).

VI. FUTURE PERSPECTIVES
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The clinical, histological, and immunohistological aspects of AD imply that, as
in allergic contact dermatitis, APCs are needed to drive the inflammatory reaction
in this disease. Although recent progress has made it possible to better character
ize the different types of APC putatively involved in the pathogenesis of AD,
further ex vivo and in vitro studies on the precise contribution of LC, DC, and
monocyte/macrophages are urgently needed in order to assign the place of these
pieces in the context of the complex pathophysiological puzzle of AD. Current
progress in the techniques designed to generate and reproduce in vitro those APCs
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found in the normal and lesional skin of AD will doubtlessly greatly enhance
our knowledge on the respective role of these cells in this chronic inflammatory
condition. The answer to the still numerous open questions on the APCs in AD
will also hopefully clarify the issue of whether extrinsic/allergic and intrinsic/
nonallergic forms of AD are to be considered as relatives in a family of eczema
tous diseases in the genetically complex atopic background.
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Mast Cells and Basophils

Naotomo Kambe, Anne-Marie Irani, and Lawrence B. Schwartz
Virginia Commonwealth University, Richmond, Virginia

I. INTRODUCTION

Mast cells and basophils are generally recognized as the principal cell types to
initiate IgE-dependent, type 1 immediate hypersensitivity reactions. More re
cently, mast cells have been implicated as participants in innate immunity, addi
tional aspects of acquired immunity, and tissue remodeling (Fig. 1). Mast cells
originate from bone marrow progenitors but complete their maturation in tissues
where they then reside. Basophils also originate from bone marrow progenitors
but complete their maturation before being released from the bone marrow into
the circulation, where they reside until called into tissues at sites of inflammation,
particularly during the late phase of IgE-mediated immediate hypersensitivity
reactions and during the early phase of cell-mediated, delayed-type hypersensitiv
ity reactions. Mast cells and basophils are the only two cell types that constitu
tively express substantial quantities of the high-affinity, tetrameric receptor for
IgE (FcERI) and store histamine in their secretory granules. These two cell types
are distinguished from one another by their respective pathways for growth, dif
ferentiation, and survival; patterns of cell-surface adhesion, cytokine and chemo
kine receptors; responses to non-IgE-dependent agonists; secretory granule pro
teoglycans and proteases; and morphologies. For example, nuclei of peripheral
blood basophils have deeply divided lobes, whereas those of mast cells in normal
tissues are rounded.

Atopic dermatitis is a genetically influenced chronic inflammatory disorder
of the skin characterized by persistent pruritus that leads to scratching and licheni
fication. Atopic dermatitis is commonly seen in association with allergic rhinitis
and asthma in families or individuals, suggesting that it is a cutaneous form of
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Immediate
Hypersensitivity
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Figure 1 Immunological effector roles of mast cells and basophils. Mast cells and baso
phils are the primary effector cells in immediate hypersensitivity reactions, but they also
may participate in innate immune defense and in acquired immunity against certain mi
crobes.
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allergic disease. Although the participation of mast cells and basophils in allergic
disorders is well established, their significance in atopic dermatitis still remains
unclear. An experimental allergen challenge of an IgE-sensitized host reveals two
phases to the subsequent immediate hypersensitivity reaction. The early phase
of the IgE-dependent reaction (beginning 5-30 minutes postchallenge), de
pending on the target tissue and distribution of allergen, involves local edema,
smooth muscle contraction, vasodilation, and increased permeability of postcapil
lary venules. These events represent the characteristic features of acute urticaria,
but not of atopic dermatitis. The late phase of an immediate hypersensitivity
reaction (4-12 hours postchallenge) involves the recruitment and activation of
basophils, eosinophils, and other cell types. These late reactions can persist for
at least 2 days in the challenged site, but eventually appear to completely resolve.
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Topical applications of allergen repeated daily for 6 days can result in an in
creased number of mast cells (l). Thus, chronic allergic inflammation can result
from prolonged allergen exposure and may contribute to the pathophysiology of
atopic dermatitis.

Several studies suggest a relationship between atopic dermatitis and mast
cells and basophils. First, in lichenified lesions of atopic dermatitis, the total
number of mast cells may be increased (Fig. 2A, B), while in the acute phase
of atopic dermatitis, mast cells are fragmented or degranulated but not notabl~
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Figure 2 Mast cells in lesional skin of atopic dermatitis. Sequential sections of licheni
fled skin were stained with hematoxylin and eosin (A) and labeled with anti-tryptase mAb
(8). Mast cells are difficult to identify in the hematoxylin and eosin-stained section, while
immunohistochemistry for tryptase clearly reveals mast cell hyperplasia at this site. (C)
Four MCTe cells are seen, one of which has penetrated into the epidermis (arrow). (D)
Three MCT cells are observed in the dermis near the basement membrane.
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increased in number (2-4). No significant correlation between clinical severity
scores and mast cell numbers was found (5). Second, patients suffering from
atopic dermatitis have markedly elevated levels of serum 19B. Mast cells and
basophils are well-known target cells for this molecule, because they express
abundant amounts of FCERI on their surfaces. Third, certain genes associated
with atopy are also expressed by mast cells. The ~-subunit of FCERI on chromo
some llq13 is linked to atopy, the state of enhanced IgE responsiveness (6,7).
DNA sequences from atopic individuals show three base-pair substitutions con
verting Ile 181 to Leu 181. Although initially no such linkage was found in 95
English eczema families (8), linkage did emerge with later analyses (9). A sig
nificant association between the BstXI polymorphism in mast cell chymase on
chromosome l4q II and eczema has been reported (10-12).

This chapter will focus on biology of human mast cells and basophils and
the potential involvement of these cells in the pathogenesis of atopic dermatitis.

II. DIFFERENTIATION OF BASOPHILS AND MAST CELLS

Mast cells and basophils were initially thought to be developmentally related by
virtue of their shared characteristic features, including metachromasia of their
secretory granules, FCERI on their surfaces, and histamine in their secretory gran
ules. Both mast cells and basophils originate from hematopoietic stem cells, but
they follow divergent pathways of differentiation. Basophils, like most myeloid
cells, complete their differentiation in the bone marrow prior to entering the sys
temic circulation and develop largely under the influence of interleukin (IL)-3,
a process that is augmented by transforming growth factor (TGF)-~. In contrast,
mast cells destined to reside in peripheral tissues will leave the bone marrow as
an immature mononuclear progenitor, probably with multipotential capabilities,
enter the circulation still without characteristic secretory granules and surface
FCERI expression, but complete their differentiation into mature mast cells only
after arriving in peripheral tissues such as lung, bowel, dermis, and nasal and
conjunctival mucosa, largely under the influence of stem cell factor (SCF).

The evidence that tissue mast cells are derived from hematopoietic cells was first
shown by using bg//bg/ mice (13). This beige mouse has a disorder similar to
human Chediak-Higashi syndrome, characterized by marked enlargement of lyso
somes and specific granules in various cell types. Transplantation of bg//bg/ mice
bone marrow cells into irradiated +/+ mice resulted in the development of mast
cells containing bg//bg/-type giant granules. The origin of mast cells was also
shown by in vitro suspension culture systems (14-18). When cells derived from

A. Murine Mast Cell Development
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hematopoietic tissues of mice were cultured with growth factors from stimulated
T cells or with culture medium from a mouse myelomonocytic leukemia cell line
WEHl-3, cells morphologically identified as mast cells appeared. Later, IL-3 was
identified as the mast cell growth factor in the culture medium of WEHI-3 cells
(19) and stimulated T cells (20). In suspension culture with IL-3, a large number
of mast cells can be generated from murine hematopoietic progenitor cells. The
importance of IL-3 for murine mast cell development in vivo also has been exam
ined. Substantial IL-3-dependent hyperplasia of mast cells in the intestine after
parasite infection has been observed for wild-type but not T cell-deficient (21)
or IL-3-deficient mice (22). In the latter case, basophils were also deficient, but
basal levels of mast cells were normal in both cases.

Genetically mast cell-deficient mice, named W/W' (defective Kit) and Sl/
Sid (defective SCF, also called Kit ligand), were identified by Kitamura and co
workers (23,24). These mice are anemic and also deficient in germ cells, melano
cytes, and intestinal cells of Cajal. In spite of the mast cell depletion in non in
flamed tissues from Wand Si mutant mice, bone maITow-derived mast cells can
be generated in vitro when bone marrow-derived progenitors are cultured with
IL-3, and mast cells also can appear at tissue sites of inflammation. Fibroblasts
derived from normal + / + mouse embryos express SCF and thus can support
the survival of bone marrow-derived mast cells derived from + / + mice and those
from Si/Sid mice, but not those from W/W' mice. W/W' mice have been used to
study the involvement of mast cells in various disease models, including anaphy
laxis and allergic airway inflammation (25).

B. Human Mast Cell Development

Human mast cells differentiate under the influence of SCF (26-28). In contrast
to rodent mast cells, IL-3 has little, if any, influence on the differentiation of
human mast cells other than to expand the pool of hematopoietic progenitor cells.

Human mast cells originate from CD34+ bone marrow-derived progenitor
cells (29). Using sorted cells isolated from cord blood or peripheral blood, mast
cell progenitors were further characterized as multipotential cells positive for
CD34 and CD38 (30) or for CD34, CDI3, and Kit (31). However, less mature
CD34+ /CD38- precursor cells (32) did not give rise to mast cells when cultured
with SCF, indicating a need for additional factors at this early stage of hematopoi
esis. CD13, a membrane-bound zinc-dependent metalloprotease also known as
aminopeptidase N, was originally recognized as a marker for subsets of normal
and malignant myeloid cells (33) and later as a cell activation marker associated
with proliferation. Thus, the early steps of hematopoietic commitment to a mast
cell lineage still need further clarification.

Why mast cells fail to develop in the bone marrow where SCF clearly
affects the development of other cell types is an enigma. Either the bone maITOW
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microenvironment lacks an accessory factor present in peripheral sites or the
microenvironment contains additional factors that are not permissive for mast
cell development to occur. The latter seems in part to be the case, because both
granulocyte-macrophage colony-stimulating factor (GM-CSF) (34) and IL-4
(34,35) appear to diminish SCF-dependent development of mast cells from pro
genitors in vitro but have little effect on more mature mast cells.
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C. Growth Factors That Affect Human Mast
Cell Development

Unlike other myelocytes, which stop expressing Kit as they mature, mast cells
express increasing amounts of Kit as they develop. SCF, the ligand for Kit, exerts
various effects on mast cells throughout their development, including differentia
tion, survival, chemotaxis, activation, and priming. SCF is the only growth factor
that by itself supports the growth and differentiation in vitro of human mast cells
from hematopoietic precursors in bone marrow and peripheral blood (28), cord
blood (27,36), and fetal liver (26,37). These in vitro-derived human cultured
mast cells now make possible further investigation about human mast cell charac
terization and their function, about the effect of cytokines on mast cell prolifera
tion and development and receptor expression during the maturation process.
Removal of SCF from cultured mast cells (38) results in their apoptosis. Certain
gain of function mutations in human Kit (39) are associated with systemic masto
cytosis. However, less commonly, loss of function mutations in Kit (40) are also
associated with this disease characterized by mast cell hyperplasia, perhaps indi
cating that there are factors other than Kit involved in mastocytosis. A different
group of activating Kit mutations are associated with intestinal stromal cell tu
mors in which interstitial cells of Cajal are transformed (41).

IL-4 effects on human mast cells are pleiotropic. Human mast cell numbers
are diminished by TL-4 after culturing progenitor cells obtained from peripheral
blood, cord blood, and fetal liver with SCF (38,42,43). The ability of TL-4 to
downregulate expression of Kit may help to explain the ability of this cytokine
to attenuate mast cell development under some circumstances (38,42). On the
other hand, IL-4 induces FCERI expression on developing fetal liver-derived and
cord blood-derived mast cells (43,44), enhances SCF-dependent proliferation of
intestinal preparations of mast cells activated through FCERI (45), and enhances
the survival of cord blood-derived mast cells after withdrawal of SCF (46). For
cord blood-derived mast cells obtained with the combination of SCF and lL-6,
TL-4 did not affect total mast cell numbers in one study but did induce their
homotypic aggregation and enhance the percentage of chymase-positive mast
cells (47). Enhancement by IL-4 of the chymase-positive mast cells also was
observed for those derived from fetal liver (43). Using mast cells derived from
fetal liver and cord blood progenitors cultured with SCF alone, IL-4 was shown
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to induce apoptosis only in the cord blood-derived mast cells, and this apoptotic
effect on mast cells could be abolished if the cells were cultured with lL-6 in
addition to SCF (35). IL-l3,like IL-4 but with a weaker effect, downregulates
Kit expression and upregulates adhesion molecule expression on HMC-l cells,
but has a negligible effect on SCF-dependent mast cell development from cord
blood progenitors (48).

IL-6 has diverse effects on the development of human mast cells in vitro.
IL-6 has been reported to both enhance (36) and attenuate (49) mast cell numbers
obtained from cultures of cord blood progenitors and block lLA-mediated
apoptosis of cord blood-derived mast cells developed with SCF alone (35). IL
6 can enhance the percentage of mast cells expressing chymase (49).

IL-lO, in rodent systems, stimulates mast cell growth when added to other
mast cell growth factors, including IL-3, SCF, and IL-4 (50). IL-l 0 also increases
cellular levels of the ~-chymases, mouse mast cell protease (mMCP)-I, and
mMCP-2, principally by stabilizing the corresponding mRNA molecules (51
53). With human cells IL-IO alone did not promote the survival of cord blood
derived (46) or fetal liver-derived (54) mast cells.
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D. Mast Cell Heterogeneity

Like lymphocytes and other hematopoietic cells, mast cell subtypes have also
been described that display variations in their morphological, biochemical, and
functional properties. In mice, mast cells are often divided into connective tissue
and mucosal mast cells. Connective tissue mast cells predominate in the skin,
peritoneal cavity, and muscular propria of the stomach and express heparin pro
teoglycan; mucosal mast cells predominate in the mucosal layer of the gastroin
testinal tract and express chondroitin sulfate proteoglycan. These different proteo
glycan compositions probably account for differences in histochemical staining
patterns. Both cell types can be stained by Alcian blue, but only those with hepa
rin are stained with Safranin, a red dye, or Berberine sulfate, a fluorescent label.

In humans, two types of mast cells have been identified based on their
protease composition (Fig. 3) (55). MCTe cells contain tryptase, chymase, mast
cell carboxypeptidase, and cathepsin G-like protease in their secretory granules.
MCT cells also contain tryptase in their granules but lack these other proteases.
MCTe cells are the predominant mast cell type in small bowel submucosa and in
normal and unicaria pigmentosa skin as well as skin of atopic dermatitis, whereas
MCT cells are the predominant type found in the smal1 bowel mucosa and normal
airway and appear to be selectively recruited near the surface of the airway during
seasonal allergic disease. Of possible interest is the selective attenuation in num
bers ofMCT cells in the small bowel of patients with end-stage immunodeficiency
diseases (56). Mast cells from different tissues, irrespective of their protease phe
notype, may exhibit functional differences in their response to non-IgE-depen-
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Figure 3 Mediators released by IgE-dependent activation of mast cells and basophils.
Superscripts indicate cell types as follows: both mast cells and basophils l

, MCT and MCTc

cells2
, MCTc cells" and basophils alone4

•

dent activators and pharmacological modulators of activation. The selected par
ticipation of basophils and different types of mast cells in various clinical
conditions as well as the duration, intensity, and tissue distribution of a particular
response will depend on various characteristics of the agonist, immunological
sensitivity of the host, the target tissue involved, and any underlying pathology.

E. Effect of Microenvironment on Mast Cell Phenotype
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In murine systems, the microenvironment influences the phenotype of the mast
cells. When immature bone marrow-derived mast cells from wild-type mice are
transferred into the peritoneal cavity of mast cell-deficient W/W' mice, the hista
mine content increased more than 20-fold and the proteoglycan class changed
from chondroitin sulfate to heparin. The phenotypic change also occurred in the
opposite direction (57). In contrast, after injection of a single connective tissue
type of mast cell from the peritoneal cavity of a wild-type mouse into the stomach
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wall of a W/W' mouse, mast cells with phenotypic features of mucosal mast cells
appeared in the mucosa and of connective tissue mast cells in the muscularis
propria (57,58). Similarly, immature bone marrow-derived mast cells cocultured
with mouse 3T3 fibroblasts developed a connective tissue mast cell-like pheno
type, becoming Safranin and carboxypeptidase A positive (59). SCF alone in
duces this phenotypic maturation of bone marrow-derived mast cells into con
nective tissue mast cell-like cells (60). However, because Kit-deficient mast cells
that develop in inflammatory skin lesions of W/W mice have the connective
tissue mast cell phenotype (61), factors other than SCF may influence mast cell
development in mice. For example, nerve growth factor in association with IL
3 results in a connective tissue mast cell-like phenotype (62). However, the de
velopmental pathway(s) of human mast cells may not parallel those of the mouse.

In humans, conditions that influence the selective development or recruit
ment of MCre and MCr cells are not yet understood. SCF-dependent in vitro
derived mast cells generally are immature and express tryptase but little if any
chymase. Cytokines such as IlA (63), IL-6 (49), and NGF (64) have been re
ported to induce modest levels of chymase expression. However, fetal liver
derived mast cells express chymase mRNA but not chymase protein, suggesting
that the level of regulation of chymase expression in such cells may be beyond
gene expression. On the other hand, chymase expression in vivo may be regulated
at the level of gene expression, because MCr cells isolated from lung appear to
lack chymase mRNA as well as chymase protein.

In vivo observations suggest that MCre and MCr cells develop along dis
tinct pathways. Patients with inherited severe combined immunodeficiency
disease and acquired immunodeficiency syndrome, both end-stage, exhibited
marked and selective decreases in MCr cell concentrations in the small bowel,
whereas the concentration and distribution of MCre cells were unaffected (56).
This suggests that the recruitment, development, or survival of MCr cells is de
pendent on functional T lymphocytes and that MCre cel I development proceeds
independently. Also, an ultrastructural analysis of immature mast cells in various
tissues indicated that at the time granules first form, they form either as MCr or
MCre cells (65).

Potential chemokine-dependent pathways for recruitment of mast cells or
mast cell progenitors into tissues have been suggested. Chemokines are small
proteins involved in the recruitment of various leukocytes by interacting with
specific chemokine receptors. The presence of the CXCR2 chemokine receptor
for IL-8 on HMC-l cells (66) and on relatively mature cord blood-derived mast
cells (67) and CCR3, CCR5, CXCR2, and CXCR4 on developing cord blood
derived mast cells (67) has been reported. Of potential interest is CCR3, which
is expressed on eosinophils, basophils, and a subset of T cells with Th2-like
features. CCR3 binds eotaxin, eotaxin-2, RANTES, and monocyte chemotactic
proteins (MCP)-2 to -4. When tissue sections were subjected to immunohisto-
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chemical staining, high percentages of CCR3-expressing mast cells were found
in the skin and in the intestinal submucosa; much lower percentages were found
in the intestinal mucosa and in lung, suggesting preferential expression of CCR3
by MCTe cells (68). Thus, selective chemokines may play an important role in
the tissue distribution of different types of human mast cells.

III. MEDIATORS

Mast cells and basophils contain numerous potent and biologically active media
tors that can exert many different effects in inflammation at sites of their activa
tion. Mediators secreted by activated mast cells and basophils can be divided
into those stored in secretory granules prior to cell activation and those that are
newly generated after an activation signal. The former include histamine, proteo
glycans, proteases, and certain cytokines; the latter include metabolites of arachi
donic acid, cytokines, and chemokines, as summarized in Figure 3.

A. Histamine
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Histamine, the sole biogenic amine in human mast cells and basophils, is the
only preformed mediator of the cells with direct potent vasoactive and smooth
muscle spasmogenic effects. Histamine, ~-imidazolylethylamine, is formed from
histidine by histidine decarboxylase and then stored in secretory granules. With
degranulation, histamine is released, diffuses rapidly, and is metabolized within
minutes after release, suggesting that it is destined to act quickly and locally.
Human mast cells and basophils contain 1-3 pg of histamine per cell. Mast cells
account for nearly all the histamine stored in normal tissues, with the exception
of the glandular stomach and central nervous system. Histamine concentrations
of about 0.1 M are estimated to exist inside secretory granules, whereas concen
trations of about 2 nM exist in plasma. The amount of histamine present in circu
lating basophils, if released, could raise plasma histamine levels about SOD-fold,
so great care must be exercised to avoid disrupting basophils when collecting
blood for a plasma histamine determination.

Histamine exerts its biological and pathobiological effects through its inter
action with cell-specific receptors designated HI, H2 and H3, which were initially
defined with the recognition of specific agonists and antagonists. HI (69) and
H2 (70) receptors each have seven regions predicted to span the plasma mem
brane and are G protein-coupled receptors. HI receptors are blocked by chlor
pheniramine, H2 receptors are blocked by cimetidine, and H3 receptors are
blocked by thioperamide. Examples of receptor-specific agonists include 2-meth
ylhistamine at HI receptors, dimaprit at H2 receptors, and a-methylhistamine at
H3 receptors.
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Effects of histamine mediated by HI receptors include enhanced permeabil
ity of postcapillary venules, vasodilation, contraction of bronchial and gastroin
testinal smooth muscle, and increased mucus secretion at mucosal sites. Increased
vasopermeability will facilitate the tissue deposition of factors from plasma that
may be important for tissue growth and repair and deposition of foreign material
or immune complexes that result in tissue inflammation. Histamine by an HI
receptor-dependent mechanism in rodents also activates endothelial cells to
transfer P-selectin from internal Weibel-Palade bodies to the cell surface, where
neutrophil rolling is thereby enhanced (71,72). HI receptor knock-out mice ex
hibit modest neurological alterations but show no developmental abnormalities
(73).

H2 receptor agonists stimulate gastric acid secretion by parietal cells. H2
agonists also inhibit secretion by cytotoxic lymphocytes and granulocytes, aug
ment suppression by T lymphocytes, enhance epithelial permeability across hu
man airways, stimulate chemokinesis of neutrophils and eosinophils and expres
sion of eosinophil C3b receptors, and activate endothelial cells to release a potent
inhibitor of platelet aggregation, PGI2 (prostacyclin).

The combined effects of HI receptor- and H2 receptor-mediated activities
of histamine are required for the full expression of vasoactivity. For example,
the "triple response" caused by an intradermal injection of histamine, namely
a central erythema within seconds (histamine arteriolar vasodilation), followed
by circumferential erythema (axon reflex vasodilation mediated by neuropep
tides) and a central weal (histamine vasopermeability, edema) peaking at about
15 minutes, is mostly blocked by HI receptor antagonists but is completely
blocked only with a combination of HI and H2 receptor antagonists (74). Analo
gous results have been observed for the tachycardia, widened pulse pressure,
diastolic hypotension, flushing, and headaches resulting from intravenous infu
sion of histamine (75).

Stimulation of H3 receptors affect neurotransmitter release and histamine
formation in the central and peripheral nervous system. They are postulated but
not proven to be involved in cross-talk between mast cells and peripheral nerves.
Bronchial hyperreactivity in atopics with asthma to irritant stimuli may in part
be mediated by histamine-mediated neurogenic hyperexcitability.

B. Proteoglycans

The presence of highly sulfated proteoglycans in secretory granules of mast cells
and basophils results in metachromasia when these cells are stained with basic
dyes. The intracellular proteoglycans present in mast cells are heparin and chon
droitin sulfate E. Chondroitin sulfate A is the predominant type in human baso
phils and eosinophils. Among bone marrow-derived cells, heparin is selectively
expressed by mast cells and resides in the secretory granules of all mature human
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mast cells (76), but only in connective tissue mast cells in rodents. Glial cells
are also capable of producing heparin (77). When mast cells are activated to
degranulate, heparin proteoglycan is exocytosed along with other granule constit
uents in a complex with positively charged proteases, likely to include tryptase
and chymase.

Proteoglycans are composed of glycosaminoglycan side chains, repeating
unbranched disaccharide units of a uronic acid and hexosamine moieties that are
variably sulfated, which are covalently linked to a single-chain protein core via
a specific trisaccharide-protein linkage region consisting of -Gal-Gal-Xyl-Ser.
The average number of sulfate residues per respective disaccharide is 2.5, 1.5,
and 1.0. The characteristic susceptibility of heparin to nitrous acid is due to attack
at the N-sulfate residue; chondroitin sulfates lack this residue and are resistant
to nitrous acid. On the other hand, the same peptide core is associated with hepa
rin and chondroitin sulfate proteoglycans, and both proteoglycan types may reside
in the same cell, even on the same peptide core. In humans the core protein is
17,600 daltons in size and contains a glycosaminoglycan attachment region of
18 amino acids, where two to three glycosaminoglycans of about 20,000 daltons
are attached.

The biological functions of endogenous mast cell proteoglycans are some
what speculative. These proteoglycans bind to histamine, neutral proteases, and
acid hydrolases at the acidic pH inside mast cell secretory granules and may
facilitate processing of the enzymes as well as uptake and packaging of these
mediators into the secretory granules. The stabilizing effect of heparin and, to a
lesser degree, chondroitin sulfate E on human tryptase activity may be crucial
for the full expression of mast cell-mediated events. Heparin and, to a lesser
extent, chondroitin sulfate E express anticoagulant, anticomplement, antikalli
krein, and Hageman factor autoactivation activities. The anticoagulant activities
of human and commercial porcine heparin are similar and depend on a specific
pentasaccharide sequence. Heparin neutralizes the ability of eosinophil-derived
major basic protein to kill schistosomula and enhances the binding of fibronectin
to collagen. Heparin protects and facilitates basic fibroblast growth factor activity,
which appears to reside in cutaneous mast cells (78), and modulates the cell
adhesion properties of matrix proteins such as vitronectin, fibronectin, and lami
nino Binding of heparin to L- and P-selectins inhibits inflammation (79), perhaps
by blocking leukocyte rolling. However, when heparin is saturated with tryptase
and other mast cell proteases, these activities may be attenuated. Disrupting the
gene encoding glucosaminyl N-deacetylase/N-sulfotransferase-2 (NDST-2)
(80,81) in mice yields mast cells exhibiting large vacuolated granules that were
deficient in histamine and protease activities. In this NDST-2 knock-out mouse,
only those mast cells that normally produce heparin, the so-called connective
tissue mast cells, were affected, but coagulation-related problems were not
noted.
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Proteases are enzymes that cleave peptide bonds, and certain ones are the domi
nant protein components of secretory granules in human and rodent mast cells.
Basophils, compared to mast cells, are deficient in secretory granules protease
activity. Some of these enzymes serve as selective markers that distinguish mast
cells from other cell types, including basophils, and different mast cell subpopula
tions from one another.

1. Tryptase

Trypsin-like activity was first associated with human mast cells by histoenzy
matic stains (82-84). Abundant and releasable trypsin-like activity was found in
human lung mast cells in 1981 (85), followed by purification to homogeneity of
the enzyme accounting for >90% of this activity, which was named tryptase
(86). The enzyme was found to be a tetramer that spontaneously and irreversibly
reverted to inactive monomers at neutral pH in a physiological salt solution unless
stabilized by heparin or dextran sulfate (87,88). In 1998, the crystal structure of
lung-derived tryptase was solved (89), confirming the tetrameric structure and
the length of the heparin-binding groove previously predicted (87). Two heparin
grooves per tetramer were found, each spanning the two adjacent subunits bound
to one another only through weak hydrophobic interactions. All of the active
sites faced into the small, central pore of the planar tetramer, thereby restricting
inhibitor and substrate access (90). Because tryptase is selectively concentrated
in mast cell secretory granules, it has also been studied as a clinical marker of
mast cell-mediated diseases.

Several cDNAs for human tryptase have been cloned (91-93). Tryptase
genes are clustered on the short arm of human chromosome 16 (92,94). They have
been divided mainly into two types, a-tryptase and ~-tryptase, each encoding a
30-amino-acid leader sequence and a 245-amino-acid catalytic portion. a-Tryp
tases show -90% sequence identity to ~-tryptases. Defining differences appear
to include Arg-3 and Gly215 in ~-tryptases and GIn -3 and ASp215 in a-tryptases.
Each a- and ~-tryptase has several subtypes. al- and aII-tryptases and ~I-,

~II-, and ~III- tryptases show at least 98% identity within types. Each of these
tryptase genes is organized into six exons and five introns. By comparison, mouse
mast cell tryptases mMCP-6 and mMCP-7 (95,96), syntenic on mouse chromo
some 17, have amino acid sequences 71 % identical to one another, each of which
shows ~75% sequence identity and a similar exonlintron organization to the hu
man enzymes. Human a- and ~-tryptases are more closely related to one another
than to known nonhuman tryptases (97). Although some ambiguity still remains
in the number of tryptase genes per human haploid chromosome, at least one or
two of the three ~-tryptase subtypes, at least one of the two a-tryptase subtypes,
and one pseudotryptase gene appear to reside on human chromosome 16.
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Confusion arose when the term tryptase was applied to other trypsin-like
serine proteases (Fig. 4). These include trypsin-like enzymes in natural killer and
cytotoxic T cells (NK tryptases) (98-100), a MOLT-4 T-helper-cellline (tryptase
TLz) (101), and lung Clara cells (tryptase Clara) (102). However, these enzymes
do not show sufficient sequence homology or comparable biochemical properties
to the mast cell tryptase family to be in the same family. A family of serine
protease genes has been cloned near the tryptase locus on human chromosome 16
and mouse chromosome 17 and referred to as transmembrane tryptases because of
a predicted transmembrane region near the C terminus and trypsin-like substrate
specificity (103). Again, these enzyme appear to be biochemically and immuno
logically distinct from rt- and ~-tryptases. Herein the term tryptase will be used
only for the rt- and ~-tryptases of human mast cells.

Purified recombinant rtI-protryptase and ~II-protryptase were used to study
processing to the active enzyme(s) (104,105). ~II-Protryptase was processed in
two proteolytic steps. First, autocatalytic intermolecular cleavage at Arg- 3 oc
cun"ed optimally at acidic pH and in the presence of heparin or dextran sulfate.
Second, the remaining pro'dipeptide was removed by dipeptidyl peptidase I, a
cysteine peptidase found in most hematopoietic cells with an acidic pH optimum.
The mature peptide spontaneously fonned enzymatically active tetramers, a pro
cess that seemed to require heparin or dextran sulfate. This processing mechanism
might explain why tryptase and heparin are co-expressed in human mast cells

Human Trypt:l!Ses

Ma~t cell
lryptase~

Pseudogcnc ~ hmMCI'-7·likc ll)'pl<l~c

Figure 4 Proteases assigned the name tryptase are divided into those that are selectively
expressed by mast cells, a pseudogene that appears not to be expressed, and those that
are not selectively expressed by mast cells. The latter group are biochemically and immu
nologically distinct from mast cell tryptases.
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and in mast cells of many other species. Two studies in mice assessed the impact
of heparin on processing of mouse tryptases by disrupting the gene encoding
glucosaminyl NDST-2 (80,81). In one study those mast cells that normally pro
duce heparin were markedly deficient in histamine and in chymase and tryptase
enzymatic activities (80), suggesting that processing of certain mouse chymases
and mouse tryptases were suboptimal in the absence of heparin.

On the other hand, a biological processing mechanism for aprotryptase is
still undefined. The presence of Gln-3 in aI-protryptase, instead of Arg-3 in ~

tryptase, precludes optimal autocatalytic processing. Failure to process aI-pro
tryptase to aI-pro'tryptase might explain why human mast cells appear to sponta
neously secrete enzymatically inactive a-protryptase, while ~JI-tryptase is stored
in their secretory granules. Recombinant human aI-protryptase with an enteroki
nase peptide cleavage site inserted next to the mature portion was processed in
vitro to a catalytically active enzyme (106), bypassing the need for a natural
processing step. The resultant a-tryptase exhibited relatively little enzymatic ac
tivity against small synthetic substrates and no fibrinogen-cleaving activity.

The quantity of catalytically active tryptase per mast cell (10-35 pg) (107)
is dramatically higher than the levels of proteases found in other cell types, such
as neutrophils (~1-3 pg of elastase and of cathepsin G per cell). What regulates
tryptase activity after its release into the extracellular milieu is uncertain, because
the enzyme is resistant to classical biological inhibitors of serine proteases
(90).

A new possibility was raised after it was observed that lung and ~II-tryp

tases degraded fibrinogen ~50-fold faster at pH 6 than at 7.4 (108). A similar
acidic pH optimum was noted for processing of ~II-protryptase (104) and for
cleavage of low molecular weight kininogen (109) by lung-derived tryptase. Re
lease of ~-tryptase at sites of acidic pH, such as foci of inflammation and areas
of poor vascularity, might be optimal for the enzyme, while diffusion away from
such sites would result in reduced proteolytic activity. Such a mechanism would
tend to limit the activity of ~-tryptase to its local tissue site of release.

Catalytically active tetrameric tryptase loses enzymatic activity and con
verts to monomers at neutral pH and physiological ionic strength in the absence
of a stabilizing molecule like heparin. Placing inactive tryptase monomers
(fonned at neutral pH) into an acidic environment leads to the complete reassocia
tion of these monomers into a catalytically active tetramer (110). Thus, at the
acidic pH optimum for proteolysis, ~-tryptase catalytic activity is stabilized, and
inactive tryptase monomers theoretically could reassociate into catalytically ac
tive tetramers.

The biological activities of enzymatically active tryptase are not obvious
from the involvement of mast cells in diseases such as mastocytosis, anaphylaxis,
urticaria, and asthma. The most relevant biological substrate(s) of tryptase remain
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uncertain, though many potential ones have been evaluated, primarily in vitro.
Predicted biological outcomes might include anticoagulation, fibrosis and fibro
lysis, kinin generation and destruction, cell sutface protease-activated receptor
(PAR)-2 activation, enhancement of vasopenneability, angiogenesis, inflamma
tion, and airway smooth muscle hyperreactivity. Showing the importance of these
potential activities in vivo remains a challenge. The emerging availability of phar
macological inhibitors of tryptase, and preliminary studies suggesting they atten
uate the bronchial response to an allergen challenge may facilitate identification
of the most important biological substrates.

2. Chymase
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Chymase is one of two principal enzymes accounting for the chymotrypsin-like
activity present in human cutaneous mast cells. The enzyme was purified from
human skin (111), and the corresponding gene cloned and localized to human
chromosome 14 (112). Chymase was selectively localized to a subpopulation of
mast cells by enzymatic (113) and immunohistochemical techniques (55). These
MCTe cells obtained from skin contain -4.5 pg of chymase per cell.

Human chymase is a monomer of 30,000 daltons whose crystal structure
has been solved (114). Its chymotryptic substrate specificity prefers the motif
nX-Pro-(Phe,Tyr,Trp)-Y-Y, where n ~ 6, X is any amino acid, and Y is any
amino acid except Pro (115). Like tryptase, chymase is a serine esterase that is
stored fully active in mast cell secretory granules, presumably bound to heparin
and chondroitin sulfate E. Heparin facilitates processing of prochymase to active
chymase by dipeptidyl peptidase I (116) and either attracts or repels potential
chymase substrates based on ionic forces (117). Unlike tryptase, chymase stabil
ity is not substantially affected by heparin and its activity is inhibited by classical
biological inhibitors of serine proteinases, such as <X)-antichymotrypsin, <x)-pro
teinase inhibitor, and ~-macroglobulin (118). Neither chymotrypsin-like enzy
matic activity nor chymase mRNA were detected in lung MCT cells (119).

Potential biological activities of chymase, like those of tryptase, are based
on in vitro observations. Chymase is a potent activator of angiotensin I, inacti
vates bradykinin and PAR-l receptors (120), and attacks the lamina lucida of
the basement membrane at the dermal-epidermal junction of human skin. The
potential importance of angiotensin II generation by mast cell chymase in humans
is of great interest. Chymase potently stimulates mucus production from glandu
lar cells in vitro (121), suggesting a similar role in asthma and allergic rhinitis,
where release of chymase in proximity to glandular tissue might be involved in
the state of hypersecretion. Biologically active Kit can be released from the cell
surface by chymase (122). Processing of type I procollagen by chymase to colla
gen-like fibrils has been demonstrated in vitro (123) and may relate to the finding
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of chymase-containing mast cells at sites of fibrosis in places such as rheumatoid
synovium (124).

3. Cathepsin G

Human mast cell cathepsin G, like chymase, is a serine-class neutral protease
with chymotryptic substrate specificity that is found in a subset of mast cells as
well as in neutrophils and monocytes. The enzyme resides with chymase in MCTe

cells (125) and exhibits a molecular weight of 30,000 daltons. Like chymase, it
stimulates mucous glandular secretion (121), of possible importance in allergic
asthma and rhinitis.

4. Mast Cell Carboxypeptidase

Human mast cell carboxypeptidase resides with chymase and cathepsin G in se
cretory granules of MCTe cells (126). Stored fully active, when released it cleaves
the carboxy teoninal His9-Leu 1o bond of angiotensin I and behaves like a zinc
dependent exopeptidase. Human mast cells dispersed from skin contain 5-16 pg
of carboxypeptidase per cell. Human mast cell carboxypeptidase is a monomer
with a molecular weight of 34,500 daltons (127). Based on analysis of the cDNA
derived amino-acid sequence and gene structure (128), the human enzyme is more
homologous to human pancreatic carboxypeptidase B than A, but the catalytic site
is more homologous to human pancreatic carboxypeptidase A, as are its substrate
specificities for carboxy-terminal Phe and Leu residues.

5. Other Proteases and Enzymes
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Tissue-type plasminogen activator has been identified in tissue-derived mast cells
(129), potentially complementing mast cell antithrombotic and anticoagulant ac
tivities with the fibrinolytic properties of this protease. Mast cells also concentrate
various acid hydrolases in their secretory granules, perhaps reflecting the lyso
somal origin of this organelle, including ~-galactosidase, aryl sulfatase, and ~

hexosaminidase, the latter enzyme serving as a marker to evaluate degranulation
of dispersed preparations of mast cells (85).

Matrix metalloproteinase-9 (MMP-9), a gelatinase B, has been identified
in cord blood-derived mast cells, and by inununohistochemistry, human skin,
lung, and synovial mast cells are strongly positive for MMP9 (130). Because
MMPs can promote the degradation of extracellular matrix, they are believed to
playa role in the pathogenesis of certain disorders associated with tissue remodel
ing. Studies in dog mast cells suggest that SCF increases expression, whereas
TGF-~ downregulates expression of pro-gelatinase B (131), while in mice SCF
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downregulates MMP-9 (132). Thus, external agents may influence the fibrolytic
versus fibrotic capabilities of this cell type.

D. Lipids
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Human mast cells purified from lung incorporate exogenous arachidonic acid
into neutral lipids and phospholipids and store these lipids in membranes and
cytoplasmic lipid bodies. Liberation of the arachidonic acid destined for oxidative
metabolism, as shown in mice, is dependent upon cytosolic phospholipase A2

(133). In general, oxidation of arachidonic acid occurs through the cyclooxygen
ase (COX) pathway to prostaglandins (PGs) and thromboxanes (TXs), or the 5-,
12-, or 15-lipoxygenase (LO) pathways to monohydroxyl fatty acids, leukotrienes
(LTs) that include both LTB4 and the sulfidopeptides LTC4, LTD4, and LTE4,

formerly known as slow-reacting substances of anaphylaxis (SRS-A), and lipox
ins. Platelet-activating factor, made by acetylating the lysophospholipid re
maining after arachidonic acid departs, has not been shown to be a major secre
tory product of human mast cells and basophils. The major eicosanoid products
secreted by activated mast cells and basophils are summarized in Figure 3.

Activation of human mast cells obtained from lung, skin, and intestine re
sults in PGD2 production through the activity of PGD synthase and in LTC4 pro
duction through the activity of LTC synthase in weight ratios of approximately
5: 1, respectively. Smaller amounts of LTB4 isomers are also produced. Ratios
ofthese metabolites cannot be used to distinguish MCr from MCre cell activation.
In contrast, activation of peripheral blood basophils obtained from normal human
subjects results in LTC4, but not PGD2 production. However, cells other than
mast cells and basophils produce PGD2 (e.g., platelets and certain antigen-pre
senting cells) and LTC4 (e.g., eosinophils). Both leukotriene and prostaglandin
production by activated mast cells can be blocked without altering release of
granule mediators and cytokines.

The biological importance of mast cell- and basophil-derived products of
arachidonic acid metabolism has gained support with the advent of inhibitors of
5-LO and the cysLTl receptor (134) for LTD4, both of which are helpful in atopic
and in aspirin-induced asthma, each condition also involving activation of mast
cells as well as eosinophils, another major source of LTC4• Of potential clinical
interest was the finding that dexamethasone can upregulate 5-LO levels and LTC4

production by HMC-l cells in vitro (135). A metabolite of PGD2 is elevated in
the urine of patients with active systemic mastocytosis. The importance of PGD2

production in the subgroup of these patients with recurrent hypotensive episodes
was suggested when administration of aspirin inhibited generation of the PGD2

metabolite and led to clinical improvement (136). PGD2 is produced by mast
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cells during both the immediate and late phases of immediate hypersensitivity
reactions, where COX-l is responsible for PGD2 production during the early
phase, COX-2 during the late phase (137,138). The ability of PGDz to activate
human eosinophils (139) and to playa role during induction of allergic airway
disease in mice (140) suggest its potential importance in human allergic diseases
at sites of mast cell-dependent inflammation.

E. Cytokines and Chemokines
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There is no doubt that mast cells and basophils represent important sources of
inflammatory mediators during acute, IgE-dependent reactions. Moreover, recent
findings indicate that mast cells and basophils also can contribute to both the
late-phase inflammation and the chronic tissue changes as potentially significant
sources of several cytokines. Human mast cells and basophils, when activated,
produce a diverse array of cytokines and chemokines (Fig. 3). These include
tumor necrosis factor (TNF)-a, IL-3, -4, -5, -6, -8, -10, -13, and -16, Iymphotac
tin, MCP-l, TGF-~I, and monocyte inflammatory peptide (MIP)-la by mast
cells, and at least IL-4 and IL-13 by basophils. In some cases cytokines may be
stored in secretory granules and released with other preformed mediators. Mast
cells have been noted to be the dominant IL-4-positive cell in allergic nasal
mucosa (141), while basophils are the dominant IL-4-positive cell in the asthma
tic airway 24 hours after allergen challenge (142) and in allergen-challenged
peripheral blood cells (143). Cytokines also can be newly generated and released
hours after mast cells or basophils are activated. These cytokines serve to recruit
and activate other cell types, thereby amplifying the host response during immedi
ate hypersensitivity events. For example, endothelial cells are activated by vari
ous mediators to recruit eosinophils and other cell types during the late phase
response of immediate hypersensitivity reactions. Mast cells can thereby be in
volved in sustaining allergic inflammation hours after granule exocytosis is fin
ished.

Interestingly, levels of FCERI expression on mast cells and basophils can
be regulated by IgE levels in vivo and in vitro in both mice (144, 145) and humans
(43,146,147). Because this process also can increase the ability of mast cells to
produce IL-4, IL-13, and MIP-Ia, all of which can promote IgE production
from plasma cells, IgE-dependent upregulation of FCERI expression may also be
part of a positive feedback mechanism for further production of IgE (148) and
thereby promote allergic reactions associated with high levels ofIgE. In addition,
mast cells have been reported to be able to express CD40 ligand on their surface
(149), an important co-stimulatory factor for the B-cell switch to IgE produc
tion.
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IV. ACTIVATION AND REGULATED SECRETION

A. FCeRI-Mediated Activation
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Mast cells and basophils are thought to play an important role in al1ergic disor
ders, primarily as a result of their expression of a high-affinity IgE receptor,
FCERI, that binds the Fc region of monomeric IgE with high specificity and affin
ity (Ka = 109 M- 1

). At least under some circumstances, many other potential
effector cells such as Langerhans cells, monocytes and macrophages, circulating
dendritic cel1s, and eosinophils also may express smal1 numbers of this receptor.
In addition, another cell surface receptor, C023, binds IgE, albeit with lower
affinity (Ka = 106 M- 1

). The expression of C023 is widely distributed on Band
T cells, monocytes, eosinophils, Langerhans cells, and platelets. However, the
FCERI expressed on mast cells and basophils is the principal molecule through
which IgE exerts its characteristic biological function: the release of various kinds
of inflammatory mediators.

The complete FCERI receptor is composed of four subunits, a, ~, and two
y chains, which appear to float on the cell surface in lipid-based domains cal1ed
rafts (150). The a chain contains the extracellular IgE binding domain. Only the
~ chain crosses the plasma membrane four times and has both N- and C-termini
protruding into the cytoplasm. Each ~ and two disulfide-linked Ii chains, located
primarily in the membrane and cytoplasm, have one special intracytoplasmic acti
vation motif composed of a twice-repeated Tyr-X-X-Leu sequence, designated
as ITAM, or immunoreceptor tyrosine activation motif. In humans, the presence
of the ~ chain, though not essential for surface receptor expression or signal
transduction, markedly amplifies phosphorylation of the y chains and signal trans
duction, thereby increasing the magnitude of cell activation and host response
(151,152). The ychains are shared with the COl6 and FCERllI receptors of natural
killer cells and may substitute for the T-cell receptor ~ chain.

Mast cel1s and basophils undergo regulated degranulation when FCERI are
dimerized by multivalent antigen or anti-receptor antibody. The earliest biochem
ical events involved in signal transduction after FCERI aggregation are tyrosine
phosphorylation of ITAMs. The C-terminal of the ~ subunit of FCERI is constitu
tively associated with Src-family protein tyrosine kinases (PTKs) such as Lyn.
ITAMs located in the ~- and y-subunits of FCERI are phosphorylated by Lyn
within seconds after receptor cross-linking. These ITAMs, when doubly phos
phorylated, provide docking sites for the cytoplasmic PTK, Syk, which has SH
2 domains that recognize such motifs. Syk is then phosphorylated by Lyn and
possibly by itself (153-155). The Syk dependence of IgE-mediated signal trans
duction in humans appears to be clinical1y relevant, because patients whose baso
phils have low levels of Syk expression are nonreleasers to FCERI cross-linking.
Incubation of basophils with IL-3 induces Syk expression and, when FCERI is
cross-linked, degranulation and IL-4 production and VCAM-I binding (156,157).
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These early events also are regulated by signal inhibitory regulatory proteins
(SIRPs) that contain ITIMs, immunotyrosine inhibition motifs. For example,
SlRPa is expressed in human mast cells and has been shown in mice to act in
part by recruiting SH-2-bearing protein tyrosine phosphatases (SHP-l and -2)
that dephosphorylate ITAMs on ~ and y chains of FCERI, thereby downregulating
signal transduction and mediator release (158). CD45, a protein tyrosine phospha
tase, promotes mediator release; mast cells from mice that are deficient in this
enzyme do not exhibit IgE-dependent activation (159).

Later events in the signal transduction pathway are mediated by phosphory
lated Syk, which then recruits other signal transduction molecules, such as Btk
in mice, though perhaps not in human mast cells (160). Defective Btk in mice
attenuates degranulation and cytokine production by activated mast cells as well
as the anaphylactic response of the animal (161,162). SLP-76 is an adapter protein
known to be a substrate for both ZAP-70 and Syk. In SLP-76 knock-out mice,
mast cells undergo phosphorylation of Syk with FCERI cross-linking but do not
release mediators (163). The activation signal is finally transmitted to pathways
involving phospholipase C (PLC)y, MAP kinase, protein kinase C, and phosphoti
dyl inositol (PI)-3 kinase.

Degranulation of mast cells and basophils is associated with activation of
small G proteins that cause actin polymerization and actin relocalization
(164,165). Metabolism of phospholipids, which mostly reside in secretory gran
ules, occurs early during the secretory response, is necessary for the later secre
tion of lipid mediators and may be important for regulated secretion to ensue.
Generation of inositol triphosphate (IP3) and diacylglycerol after FCERI receptor
aggregation results in release of calcium from the endoplasmic reticulum. This in
tum stimulates calcium-dependent isoforms of protein kinase C and may directly
facilitate fusion of lipid bilayers as exocytosis proceeds. A cytoplasmic calcium
sensor called synaptotagrnin II also influences exocytosis by mast cells (166).
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B. Activation by Nonimmunological Reagents

Regulated secretion by mast cells and basophils also may be induced by nonim
munological agonists. Multivalent lectins, like bivalent concanavalin A, cross
link membrane FCERI or IgE. Calcium ionophores activate by directly translocat
ing calcium.

The secretory response to some nonimmunological reagents varies between
mast cells isolated from different tissues. Basic biomolecules such as compound
48/80, C3a, C5a, morphine, codeine, mellitin, eosinophil-derived major basic
protein, and various neuropeptides such as substance P, vasoactive intestinal pep
tide (VIP), somatostatin, and calcitonin gene-related protein (CGRP) activate
human mast cells isolated from skin, but are inactive against mast cells derived
from most other tissues. Mast cells from heart respond to C5a, but not to sub-
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stance P (167). In contrast, basophils respond to C5a and C3a, but not to the
neuropeptides, compound 48/80, morphine, and codeine. The desArg derivatives
of C3a and C5a are inactive on skin mast cells but still show limited agonist
activity against basophils. Whether these basic peptides activate mast cells and
basophils by stereospecific receptor interactions or by ionic perturbations of
membrane components is not clear (168). Differences in the secretory response
between mast cells isolated from different tissues may relate in part to microenvi
ronmental influences. For example, the rat mucosal mast cell line RBL-2H2 re
versibly acquires responsiveness to substance P when cocultured with 3T3 fibro
blasts without otherwise changing its phenotype.

Basophils also can be activated as well as primed to better respond to anti
gen by IL-3, an interleukin that does not affect human mast cell activation. The
differences between basophils and mast cells with respect to their non-IgE-medi
ated pathways of activation, in theory, could lead to the activation of one cell
type in the absence of the other. Basophils, like eosinophils but in contrast to mast
cells, express surface FcaR and can be activated by an IgA-dependent pathway
(169,170). The peptide f-Met-Leu-Phe activates human basophils, but not mast
cells. HIV-1 gp120 activates IgE-armed basophils to secrete IL-4 and IL-13
(I7l), of possible interest to immediate hypersensitivity reactions commonly ob
served in HIV-infected individuals. Immunological activation of mast cells can
be enhanced by adenosine (172), possibly through the adenosine A2b receptor
in humans (173). In contrast, mediator release from human basophils is inhibited
by adenosine. ATP also can enhance mediator release from activated mast cells
by binding to the P2Y surface purinoreceptor expressed on human lung mast
cells (174).

Various histamine-releasing factors derived from monocytes, lymphocytes,
platelets, and neutTophils also have been described that are of potential clinical
significance. The protein termed p23, for example, has been shown to have IgE
dependent histamine, cytokine, and LTC4-releasing activity on basophils, an ef
fect on mast cells being uncertain (175,176). Chemokines, initially discovered
because of their abilities to attract predominantly monocytes or neutrophils, in
clude potent basophil histamine-releasing and -attracting agents (177). Active
chemokines include MCP-l to -4, RANTES, MIP-la and -1~, eotaxin and eo
taxin-2, and ecalectin. Most of these chemokines affect eosinophils as well as
basophils. The presence of the chemokine receptor CCR3 on basophils and eosin
ophils dovetails with the cellular specificity of these CC class chemokines (178).
However, a further level of complexity was revealed for MCP-l, which when
intact preferentially activates basophils over eosinophils but, after the N-terminal
amino acid is removed, preferentially activates eosinophils over basophils. In
contrast to the effects of these chemokines on basophils, mast cell mediator re
lease appears to be unaffected (179,180), even though human mast cells express
CCR3 (67,68). However, human mast cells appear to be capable of producing
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both MCP-l and MIP-la (148,181), suggesting a mechanism in which basophils
may be recruited to and activated at tissue sites of mast cell activation.

v. CLINICAL MARKERS OF MAST CELLS
AND BASOPHILS

Analysis of the cellular infiltration found in the skin of atopic dermatitis patients
has provided important clues for understanding the pathogenesis of this disorder.
The involvement of mast cells and basophils can be addressed in terms of both
cell numbers and cell activation. Antibodies developed against cell-specific sur
face or granule components provide an immunohistological means for detecting
these cells in tissues with greater sensitivity and specificity than classic dye-based
histological stains.

A. Immunohistochemistry

The most selective surface marker phenotype for all human mast cells is the co
expression of high levels of Kit and FCERI. This pattern is readily demonstrated
on dispersed mast cells by flow cytometry. Tryptase serves as a granule marker
for all human mast cells; the> lOa-fold smaller amounts present in basophils
typically provide an adequate differential for distinguishing these two cell types
from one another. Mast cells are difficult to identify in tissue specimens stained
with hematoxylin and eosin (Fig. 2A), while tryptase provides a more sensitive
and specific immunohistochemical marker for mast cells. Antitryptase immuno
histochemistry reveals mast cell hyperplasia at sites of lichenification in atopic
dermatitis (Fig. 2B). Monoclonal antibodies (mAbs) against chymase and mast
cell carboxypeptidase serve to identify the MCTe type of mast cell, because no
other normal cell type appears to express these products. No specific marker for
the MCT type of mast cell has been found, these cells being identified by the
presence of tryptase in the absence of chymase.

By using metachromatic stains, the total number of mast cells has been
shown to be increased in lichenified lesions of atopic dermatitis. In the acute
phase of atopic dermatitis of four patients, MCTe cells identified by immunohisto
chemistry, as in skin of normal subjects, were reported to be the predominant
mast cell type. However, unlike skin of normal subjects, a substantial population
(1-17%) of the mast cells displayed an MCT phenotype (Fig. 2D) (3). These
findings were confirmed by another study, which demonstrated that in the upper
dermis of non1esional and lesional atopic dermatitis skin, only 80% of tryptase
positive cells displayed chymase enzyme activity, whereas all the skin mast cells
of normal control subjects contained chymase (4). Whether chymase inside mast
cells is inhibited in vivo or simply as a result of processing tissue bathed in high
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levels of serum-derived protease inhibitors remains to be clarified. Within the
epidermis of atopic dermatitis, a few lesional samples were reported to contain
chymase-positive cells (Fig. 2C) (3), a feature not seen in skin of healthy controls.
In another report, mast cells were observed in the epidermis of 3 of 10 specimens
of noninvolved skin from the upper arm of atopic dermatitis patients (182). How
ever, the potential significance of epidermal mast cells is unclear.

Although an FCERP /Kic surface phenotype or FCERI+/tryptase- surface/
granule phenotype has been considered to selectively represent basophils, the
abilities of activated monocytes, eosinophils, and antigen-presenting cells such
as Langerhans cells to express FCERl make this consideration problematic, partic
ularly at sites of inflammation (183). Two mAbs (184,] 85) that recognize compo
nents of basophil secretory granules but do not label other cell types, including
mast cells and eosinophils, identify basophils in tissues by immunohistochemis
try. The respective antigens are called 2D7 antigen and basogranin. Using such
mAbs, basophil influx during the late phase of allergic reactions was shown to
occur in the skin (186-188), lung (189,142,188), and nose (190). Basophil num
bers were about fivefold lower than eosinophils, but appeared to account for a
substantial portion of the IL-4-producing cells.
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B. Serum Tryptase Levels

Immunoassays for cell-specific, releasable, and preformed granule mediators pro
vide a more precise measure of either local or systemic activation of a particular
cell type than is possible by either clinical criteria or documentation of antigen
specific IgE. Most mAbs against human tryptase recognize both a- and ~-tryptase

products, whereas one mAb called G5 (linear epitope) recognizes ~-tryptase but
not a-protryptase (Fig. 5). This is of clinical relevance because a-protryptase
appears to be continuously secreted by human mast cells, and its levels in blood
thereby serve as a measure of mast cell number. In contrast, ~-tryptase is stored
in secretory granules and is released only during granule exocytosis; its levels
serve as a measure of mast cell activation.

Systemic mastocytosis is associated with mast cell hyperplasia in skin le
sions (urticaria pigmentosa), liver, spleen, lymph nodes, and bone marrow (191).
The disorder is subdivided into those with indolent mastocytosis, systemic masto
cytosis associated with a hematological disorder, and aggressive systemic masto
cytosis (192). In a study of tryptase levels in subjects with biopsy-diagnosed
mastocytosis, most of those with systemic mastocytosis indicated by a bone mar
row biopsy (35 of 42) had levels of total tryptase of >20 ng/mL and ratios of
total tryptase to ~-tryptase of >20 (193). Normal subjects (n = 55) had total
tryptase levels of <14 ng/mL (194). This suggested a specificity of >98% and
a sensitivity of 83% for total tryptase levels when compared to a bone marrow
biopsy. However, among the seven subjects with systemic mastocytosis and a
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Tryptase Immunoassays
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Figure 5 Characteristics of the total tryptase and ~-tryptase immunoassays for mast cell
tryptases measured in serum or plasma. ~-Tryptase is preferentially measured when the
G5 mAb is used for detection, while both inunature and mature forms of ex and ~ tryptases
are measured when the G4 mAb is used for detection. The B 12 mAb is used for capture
in both sandwich immunoassays.
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serum total tryptase level below 20 ng/mL, all had total tryptase levels between
10 and 20 ng/mL, three had ambiguous bone marrow readings, and another had
the bone marrow biopsy petformed 5 years before the serum sample was col
lected. Most subjects with local cutaneous mast cell disease (10 of 13) had levels
similar to normal controls (1-11 ng/mL; ratios :S II). Among the three subjects
with serum total tryptase levels above this range, one was an infant with diffuse
cutaneous mastocytosis, and another had no bone marrow biopsy petformed. The
indolent group with urticaria pigmentosa and no evidence of systemic involve
ment had levels of total tryptase in the normal range. Thus, the level of total
tryptase appears to distinguish those with local versus systemic disease. However,
the absolute level of total tryptase did not predict clinical severity, suggesting
that factors other than the mast cell burden alone are important in systemic masto
cytosis.

~-Tryptase levels in serum or plasma are elevated in most subjects with
systemic anaphylaxis of sufficient severity to result in hypotension (195). ~-Tryp
tase is released from mast cells in parallel with histamine (85) but diffuses more
slowly than histamine, presumably due to its association with the macromolecular
protease-proteoglycan complex. During insect sting-induced anaphylaxis ~-tryp

tase levels in the circulation are maximal 15-120 minutes after the sting, while
histamine levels peak at about 5 minutes and decline to baseline by 15-30 min
utes (196,197). Peak ~-tryptase levels decline with a half-life of 1.5-2.5 hours.
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In insect sting-induced systemic anaphylaxis, the ratios of total tryptase to ~

tryptase were less than 6 in 16 of 17 subjects, being 23 in the one outlier (194).
Thus, when ~-tryptase is detectable in serum, a total to ~-tryptase ratio of ::; 10
suggests systemic anaphylaxis. Mast cells also have been implicated in anaphy
lactic reactions to cyclooxygenase inhibitors by finding elevated levels of
~-tryptase in blood (196). In cases of clinical anaphylaxis with a normal level
of ~-tryptase, pathogenetic mechanisms without mast cell activation should be
considered. These might include basophil activation or complement anaphyla
toxin generation.

An analysis of serum samples from patients with atopic dermatitis revealed
no elevation of total or ~-tryptase (unpublished data). However, this does not
rule out local cutaneous increases in either mast cell number or mast cell activa
tion. The dermal microdialysis technique may offer the ability to better assess
local mediator production in lesional and nonlesional sites of atopic dermatitis
(198).

VI. MAST CELLS AND BASOPHILS AS THERAPEUTIC
TARGETS IN ATOPIC DERMATITIS
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The mediators for pruritus in atopic dermatitis are still unknown. While histamine
is the crucial mediator of pruritus in type I allergic reactions, particularly in urti
caria where H I receptor blockade effectively abolishes itch and improves the
skin condition, there is some controversy about the role of histamine in atopic
dermatitis. Some authors report a significant reduction of pruritus by histamine
HI-blockers (199-201), but others find no antipruritic effect or only a marginal
effect probably due to sedative effects (202,203). Interestingly, the direct cutane
ous application of histamine results in a lower itch rating (204) and smaller axon
reflex flares in atopic dermatitis patients than control subjects (205), suggesting
that histamine is not a crucial mediator for itch in atopic dermatitis (206). Pharma
co]ogical responsiveness of mast cells varies depending on the tissue source and
differs from that of basophils. Disodium cromoglycate and nedocromil, both used
for the treatment of allergic asthma, rhinitis, and conjunctivitis, are weak inhibi
tors of lung mast cell activation but are ineffective against mast cells from skin
and intestine.

Topical corticosteroids are the most established treatment for atopic derma
titis. Dexamethasone in vitro inhibits mediator secretion by human basophils, but
not by human lung-derived mast cells. Dexamethasone also inhibits SCF-induced
development of mast cells from fetal liver cells but shows no appreciable effect
on developed mast celJs (207). In vivo, local instiJiation of nasal glucocorticoste
roids over a prolonged period of time diminished mediator release during the
immediate response to nasa] alJergen challenge, perhaps due to the capacity for
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local steroids to diminish mast cell concentrations as demonstrated in the syno
vium (208), skin (209), and rectal mucosa (210) or to the prevention of the super
ficial migration of mast cells that apparently occurs in atopic subjects during the
allergy season (211,212).

Macrolide immunosuppressants are potent immunosuppressive drugs that
act primarily on T cells by inhibiting cytokine gene activation. Cyc1osporin A and
tacrolimus (FK-506) produce rapid and long-lasting inhibition of 19E-dependent
histamine release from human basophils and skin- and lung-derived mast cells
(213-215). Rapamycin interferes with the inhibitory activity of FK-506 by com
peting for the same FK-binding protein, but by itself does not inhibit mast cell
or basophil activation. Oral treatment with cyclosporin A has proven to be effec
tive in atopic dermatitis (216), perhaps due both to its inhibitory effects on T
cells as well as mast cells and basophils. Topical treatment with tacrolimus also
appears to provide effective treatment of atopic dermatitis (217).

VII. SUMMARY

Mast cells and basophils, the two principal effector cells of immediate hypersensi
tivity, also appear to be involved in atopic dermatitis. Mast cells are increased
in number at lesional sites. Occasionally mast cells penetrate into epidermis in
these lesions. Mast cells in lesions may also exhibit an MCT phenotype. Basophils
are difficult to observe with metachromatic stains in sites of inflammation, but
appear to be present by immunohistochemistry that targets basophil-specific
markers. By virtue of the high levels of antigen-specific 19E also present, mast
cells and basophils are armed and capable of discharging their mediators upon
encountering antigen. However, the pruritic component of atopic dermatitis is
most of the time minimally dependent on histamine, unlike urticaria. Also, the
inflammatory components clearly involve multiple cell types. Thus, the role and
importance in atopic dennatitis of mast cells and basophils may vary at different
stages of the disease. As we learn more about these cell types, develop better
markers for them, and obtain therapeutic agents more precisely targeted at them,
their contributions to atopic dermatitis will be understood with greater precision.
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Eosinophils and Atopic Dermatitis

Kristin M. Leiferman,* Douglas A. Plager, and Gerald J. Gleich*
Mayo Clinic and Mayo Foundation, Rochester, Minnesota

I. INTRODUCTION

Atopic dermatitis has been associated with allergies since its delineation as a
disease entity (1). Eosinophils are prominently associated with allergic reactions,
but a pathogenic role for eosinophils in atopic dennatitis has emerged only re
cently. Investigations have shown that eosinophils elaborate potent toxins and
mediators of inflammation. Increased circulating eosinophils have been noted in
patients with atopic dennatitis since early descriptions of the disease. Despite a
paucity of eosinophils infiltrating affected skin, eosinophil granule proteins are
prominently deposited in lesions of atopic dermatitis and eosinophil granule pro
teins are elevated in the peripheral blood of patients with atopic dermatitis (2,3).
These studies indicate that eosinophil degranulation is occurring in atopic denna
titis. The recognition that the eosinophil and its granule proteins have potent
inflammatory functions suggests a pathogenic role in cliseases in which eosinophil
infiltration and granule protein deposition are prominent. Observations demon
strating eosinophil involvement in atopic dennatitis are reviewed herein, summa
rized in Table 1, and schematically represented in Figure 1.

Studies over the past two decades have shown that the eosinophil has the potential
for multiple inflammatory activities. The eosinophil contains several cationic
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Table 1 Evidence for Eosinophil Involvement in Atopic Dermatitis

Eosinophils and eosinophil granule proteins possess phlogistic activities and cytotoxic
effects that are associated with allergic inflammation

Eosinophil granule proteins are extensively deposited in lesional skin with evidence of
cytolytic eosinophil degeneration

Eosinophil granule proteins are increased in peripheral blood and correlate with disease
activity

Peripheral blood eosinophils are increased in severe disease, decrease with therapeutic
improvement; "activated" hypodense eosinophils with prolonged survival, i.e.,
delayed programmed cell death, correlate best with disease activity

Th2 immunological reactivity is present in atopic dermatitis associated with IL-S
expression; IL-S has specific activities on eosinophils inducing eosinophilopoiesis,
activation, and chemotaxis

Adhesion molecule expression needed for eosinophil transendothelial migration is
present in atopic dermatitis

Eosinophil chemotaxins are expressed in atopic dermatitis
Eosinophil infiltration and extracellular eosinophil granule protein deposition occur in

patch test allergen models of atopic dermatitis

granule proteins including major basic protein (MBP), eosinophil peroxidase
(EPG), eosinophil cationic protein (ECP), and eosinophil-derived neurotoxin
(EDN); MBP, EPG, and ECP are potent toxins to various targets including hel
minths, protozoa, bacteria, and normal mammalian cells (4) and are cytostimu
lants for basophil and mast cell mediator release (4,5) and for neutrophil (6) and
platelet (7) activation. MBP, EPG, ECP, and EDN all increase microvascular
permeability (8), and all four proteins induce wheal-and-f1are reactions in human
skin (9). Activated eosinophils not only release granule proteins but also generate
lipid mediators such as leukotriene (LT)C4 and platelet-activating factor (PAP),
generate reactive oxygen species, and participate in antibody-dependent cyto
toxicity reactions. The oxidative products of eosinophils including superoxide
anions, hydroxyl radicals, and singlet oxygen (10,11) are, like the granule pro
teins, damaging to cells. The low molecular weight mediators produced by eosin
ophils, PAF, and LTC4 (12,13) increase vascular permeability. PAP has several
other activities including attraction and activation of leukocytes to areas of in
f1anunation, and LTC4 stimulates smooth muscle contraction. Eosinophils are also
capable of synthesizing and secreting important inflammatory and regulatory
cytokines (14-16); these include interleukin (IL)-l a, transforming growth factor
(TGF)-a and -~J' granulocyte-macrophage colony-stimulating factor (GM-CSF),
IL-3, IL-4, IL-5, IL-6, IL-8, IL-12, tumor necrosis factor (TNF)-a, and macro
phage inhibitory protein (MIP)-I a. The stimuli that trigger eosinophils to produce
cytokines are only now being elucidated, but the chemotactic factors C5a and
N-formyl-methionyl-leucyl-phenylalanine (FMLP) have been found to induce

MARCEL DEKKER, INC.~
270 Madison Avenue. New York. New York 10016 IU?



Eosinophils and Atopic Dermatitis 3291

production of JL-8 and GM-CSF by eosinophils (17). Through expression o~

MHC class II molecules and IL-l a production, eosinophils may act as specialized
antigen-presenting cells (16,18). Eosinophi1s may be involved in tissue repair by
promoting collagen synthesis through release of TGF-o: and -~1 (19); they may
also promote fibrosis by their ability to stimulate fibroblast DNA synthesis and
extracellular matrix protein production (20). Therefore, the functional diversity
of the eosinophil has manifold implications for its role in disease. Moreover, it
is not currently known whether eosinophil-derived cytokines interact with other
eosinophil mediators or other cell types to enhance inflammatory consequences
(16,21).

Eosinophil activation with deposition of toxic cationic proteins occurs in
many diseases (22-24). Levels of blood eosinophil granule proteins are increased
in patients with asthma (25) and other diseases, such as episodic angioedema with
eosinophilia (9) and the eosinophilia-myalgia syndrome (26); levels of eosinophil
granule proteins are also increased in the blood of patients receiving JL-2 in
cancer protocols (27). In episodic angioedema with eosinophilia and in IL-2
treated patients, increased IL-5 concentrations temporally precede increases of
blood eosinophils (27,28).

Granule proteins released from eosinophils are detected in tissues by immu-'
nohistological staining (29-36), and such staining methods are useful in de-I
terrnining the involvement of eosinophils in disease because extensive granule
protein deposition is not detectable by routine histological studies such as hema-II
toxylin and eosin or Giemsa staining. Using indirect immunofluorescence with
polyclonal antibodies to purified eosinophil granule proteins injected in cadavd
skin, the detectable concentrations in tissue are as follows: EPa, 0.05 IlM; MBP,
0.1 IlM; ECP, 0.25 IlM; and EDN, 1.0 IlM. These concentrations result in mini
mal detectable staining, and it is likely that much greater concentrations are de
posited in diseased tissues showing extensive staining. Moreover, these concen
trations of proteins are capable of inducing biologically damaging effects. The
granule proteins appear to be deposited in some lesions, not through classical
exocytotic degranulation, but by cytolytic degranulation. For example, by elec
tron microscopy, disrupted eosinophils with free membrane-bound granules have
been found in lesional tissues (9,33).

Several schema of diagnostic criteria for atopic dermatitis have been used for
clinical definition of the disease and for investigations of the disorder (37-39). The
principal, basic features of the disease are pruritus and scratching, characteristic
morphology and distribution of skin lesions, chronic or chronically relapsing
course, and personal or family history of atopy. Other diagnostic features include

III. CLINICAL AND HISTOLOGICAL FEATURES OF
ATOPIC DERMATITIS
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facial pallor and erythema, itch with sweating, white dermographism and delayed
blanch to acetylcholine injection. No specific clinical feature or laboratory test is

diagnostic for atopic dermatitis. Inclusion of the various additional features for

diagnosis of atopic dermatitis emphasizes the importance of cutaneous inflamma
tion in association with aberrant pharmacophysiological responses in the disease.

The histopathological changes in atopic dermatitis observable from exami

nation of hematoxylin- and eosin-stained tissue sections are nonspecific and con

tribute little to understanding the immunopathogenesis of the disease (1). With
Giemsa staining of epon-embedded tissues from atopic dermatitis lesions, more

detail has been observed (40). Acute lesions show epidermal spongiosis and der

mal perivascular inflammatory cell infiltration. Chronic lesions show thickening

Figure 1 Eosinophil involvement in atopic dermatitis. (A) As skin inAammation in
atopic dermatitis is established, a variety of factors [I] can lead to extravasation of eosino
phils [2] and other immune cells (e.g., CD4+ T cells and macrophages, not shown). Eosin
ophil extravasation is not fully understood, but the interaction of eosinophil CD49d/CD29
(i.e., VLA-4 or a4~1 integrin) with endothelial cell VCAM-I and eosinophil CDII bl
CDl8 (i.e., Mac-I, aM~2 integrin) with endothelial cell ICAM-l appears to be key to
eosinophil extravasation and activation. Cytokines and chemokines [3] derived from vari
ous cellular sources also contribute to eosinophil chemotaxis and activation. Following
allergen challenge, eosinophil extravasation can occur as early as 15 minutes postchal
lenge, peaking in the skin approximately 6-8 hours postchallenge. The timing and mecha
nism of eosinophil degranulation [4] following extravasation remains largely unknown.
Deposition of granule proteins likely occurs by cytolysis of eosinophils in the upper der
mis. Interaction with extracellular matrix (ECM) or extravascular (EV) immune molecules
may mediate eosinophil activation [5]. Activation and subsequent degranulation results in
mediator release and deposition of eosinophil granule proteins [6]. Release of eosinophil
derived IL-12 has recently been proposed to contribute to the Th2 to Thl cytokine profile
shift observed in chronic atopic dermatitis lesions. The potential for eosinophils to function
as antigen-presenting cells (APC) has also recently been proposed. Cutaneous eosinophil
activation and degranulation may contribute to disease pathology via several mechanisms
[7]. (B) Hematoxylin and eosin staining of clinically unaffected (left two panels) and
affected (right two panels) atopic dermatitis skin. Low-power (left) and high-power (right)
(lOOX and 400X OIiginal magnification, respectively) images are shown for both unaf
fected and affected skin. Affected skin shows perivascular inflammation and upper dermal
edema. The epidermis is thickened with elongated rete pegs, and the basement membrane
is thickened. Unaffected skin shows minimal perivascular inAammation. (C) Indirect im
munoAuorescence staining for MEP in affected and unaffected atopic dermatitis skin serial
sections as in B. Extensive fibrillar extracellular MBP staining is observed in the upper
dermis of the affected skin. Minimal, but detectable, MBP is observed in the upper dermis
of unaffected atopic dermatitis. Normal skin shows no MBP staining, and control sections
of each stained with protein A purified rabbit IgG were negative (not shown).
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of the epidermis with elongation of and fibrosis around the rete ridges. Langer
hans cells and mast cells are increased in chronic lesions, and endothelial cells are
enlarged (40). Eosinophils may be found in any lesional stage, but the majority of
cells in biopsy specimens are T lymphocytes possessing the CD4 phenotype
(41,42) and expressing activation and memory markers (43).

Several observations suggest that IgE and allergens contribute to the patho
genesis of atopic dermatitis in a large subset of patients with atopic dermatitis.
Serum IgE levels are elevated in approximately 80% of patients with atopic der
matitis, and a correlation between serum IgE level and extent of skin involvement
has been reported (44). Mast cell numbers are increased in chronic lesions (40).
Cells infiltrating atopic dermatitis lesion, such as Langerhans cells and macro
phages, as well as mast cells, bear IgE receptors, both FcrRI (high affinity) and
FcrRII (low affinity) (45,46). IgE antibody present on cell surfaces is bound to
these receptors (46-48). Allergen presentation in atopic dermatitis appears to be
mediated by epidermal Langerhans cells bearing IgE (49), and allergens are capa
ble of stimulating IgE-bearing macrophages to synthesize and secrete leuko
trienes, PAF, IL-l, and TNF-a (50,51). Antigen-presenting cells then may regu
late the local accumulation of inflammatory cells and/or preferentially influence
the infiltration of T cells showing Th2-type activity. Atopic dennatitis patients
also have circulating autoantibodies to IgE that may bind to and activate IgE
bearing cells (41,52).

Allergen studies in atopic dermatitis patients indicate that IgE antibodies
are common and may contribute to disease exacerbations. When prick or intrader
mal skin tests are performed, patients with atopic dermatitis often show wheal
and-flare responses to multiple allergens, and they frequently have serum IgE
antibodies to multiple allergens. Controlled studies have shown that ingestion of
foods by children with atopic dermatitis sensitive to these foods provokes cutane
ous pruritus and erythema leading to scratching and subsequent development of
eczematous lesions (53). Furthermore, these cutaneous exacerbations after food
challenges are associated with significant increases in plasma histamine concen
trations (indicative of mast cell degranulation). These findings are consistent with
the concept that repeated ingestion of food and the reactions that result from such
exposure contribute to the development of chronic atopic dermatitis skin lesions
in some patients.

The role of inhalant allergens in atopic dermatitis has been observed in
numerous studies; exacerbations of atopic dermatitis have been reponed after
inhalational exposure to a variety of allergens including horse dander, ragweed
pollen, and mold (54-56). Recent studies have focused on the role of direct skin
contact by inhalant allergens in the development of atopic dermatitis lesions.
Eczematoid lesions in atopic dermatitis patients have been provoked by applica
tion of allergens to superficially abraded skin (57). Subsequently, eczematous
reactions have been demonstrated on nonabraded skin of atopic dermatitis pa-
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tients to a variety of inhalant allergens (58). These reactions require the presence
of epidermal cells coexpressing IgE and CDla to develop (59). Avoidance of
aeroallergens that elicit eczematous reactions at patch test sites or cause immedi
ate hypersensitivity reactions has been reported to improve atopic dermatitis
(58,60,61).

Approximately 50% of patients with chronic atopic dermatitis have circu
lating IgE directed to staphylococcal enterotoxins; these toxins have been identi
fied on skin of atopic dermatitis patients colonized with Staphylococcus aureus
(43,62); also, atopic dermatitis patients' own basophils release histamine on expo
sure to relevant staphylococcal enterotoxins. These findings indicate that local
production of enterotoxin by S. aureus on the skin surface could induce IgE
mediated histamine release and trigger an inflammatory reaction that exacerbates
atopic dermatitis (62). In addition, staphylococcal enterotoxin superantigens have
recently been shown to augment allergen-specific IgE synthesis (63).

Although the exact role of IgE in atopic dermatitis remains to be clarified,
the observations cited above along with studies showing that IgE-bearing Langer
hans cells bind allergen, present it to T lymphocytes, and induce an allergen
specific Th2 response with IgE synthesis (49), suggest that IgE, as a product of
Th2 immunological activity, which includes both IL-4 and IL-5 production, is
important in atopic dermatitis.

IV. CYTOKINE EXPRESSION AND EOSINOPHILS IN
ATOPIC DERMATITIS

Several lines of investigation indicate that eosinophils are recruited to and acti
vated in tissue sites by Th2 cytokines; deposition of granule proteins occurs as
a function of eosinophil activation and/or cytolytic degranulation (64). Mast cell
cytokines may also contribute to eosinophil activation (65). IL-3, IL-5, and GM
CSF stimulate eosinophil growth, maturation, and differentiation. These cyto
kines along with TNF-a and interferon (IFN)-y activate eosinophils and prime
them for various functions. IL-5, for example, affects eosinophils by increasing
their viability, decreasing their density, decreasing their granule content, and in
ducing release of their cytoplasmic granule proteins into the extracellular environ
ment (66,67). In addition, IL-5 enhances eosinophilopoiesis in and eosinophil
release from bone marrow (68) and is chemotactic for eosinophils (69). IL-5
likely accounts for the common presence of eosinophils in allergic inflammation.
The presence of a functional IL-4 receptor has recently been identified on eosino
phils, through which IL-4 can prime eosinophils to certain chemotactic stimuli
(70). While several cytokines enhance eosinophil differentiation, survival, and
activation, TGF-~b a multifunctional cell growth-regulating cytokine, counter
acts the survival enhancing activities of IL-5, IL-3, GM-CSF, and IFN-yon eosin-
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ophils (71). TGF-~, inhibits eosinophil survival in a dose-dependent manner and
appears to act by inducing apoptosis of eosinophils (71). As noted above, eosino
phils elaborate TGF-~I as well as IL-3 and GM-CSF (72), suggesting that acti
vated eosinophils produce factors that both enhance and inhibit their own longeVj
ity in inflammatory conditions.

Evidence for various patterns of cytokine production in atopic dermatiti
has been reported. Comparisons of typical or "atopic" atopic dermatitis (with
evidence for IgE involvement) and "nonatopic" atopic dermatitis (atopic derma
titis without an identifiable IgE relationship) demonstrate Th2-type cytokine ex
pression with increased spontaneously released IL-4 and IL-5 from peripheral
blood lymphocytes in patients with "atopic" atopic dermatitis. In contrast, "non
atopic" atopic dermatitis patients displayed increased IL-5 but low IL-4 levels
(73). Supernatants from lesional skin biopsies showed similar findings; increased
IL-4 levels were present only in "atopic" atopic dermatitis biopsies, whereas
IL-5 was increased in both "atopic" atopic dermatitis and "nonatopic" atopic
dermatitis specimens. A subsequent study showed that the expression of IL-5
and IL-13 as well as the capaci ty to produce these cytokines by skin T cells is
reduced in "nonatopic" atopic dermatitis patients compared to "atopic" atopic
dermatitis (74). Cytokine mRNA expression in acute and chronic atopic denna
titis lesions (75) has also been studied and compared. Both acute and chronic
lesions had significantly greater numbers of ceIJs positive for IL-4 and IL-5
mRNA than uninvolved skin, but chronic atopic dermatitis lesions had signifi
cantly fewer IL-4 mRNA-expressing celJs and significantly more IL-5 mRNA
expressing cells than acute lesions; the chronic lesions also showed greater
eosinophil infiltration (75). In the peripheral blood and lesional skin of atopic
dermatitis patients, both CD4+ and CD8+ T ceIJs expressing the cutaneous
lymphocyte-associated antigen (CLA), proliferate in response to superantigen
stimulation and produce IL-5 and IL-13 (76). Considering the effects of IL-5 in
promoting differentiation, adhesion, and enhanced survival of eosinophils, these
studies emphasize that inductive factors are present for the important involvement
of eosinophils in atopic dermatitis.

v. EOSINOPHIL INFILTRATION INTO ATOPIC
DERMATITIS SKIN
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The factors determining eosinophil infiltration into tissue have been under investi
gation in recent years and involve at least three interrelated signals: chemoattrac
tants, adhesion molecules, and activating cytokines such as GM-CSF, IL-3, and
IL-5. A combination of signals likely determines whether eosinophils infiltrate
tissues and whether activation and degranulation occurs.

Several members of the C-C chemokine gene superfamily are chemotactic
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for eosinophils including eotaxin and regulated upon activation, normal T-cell
expressed and -secreted (RANTES) (77-80). Eotaxin, a recently cloned C-C
chemokine, is specifically chemotactic for eosinophils (80-83). RANTES is po
tently chemotactic for eosinophils and is also chemotactic for monocytes, T lym
phocytes, natural killer (NK) cells, and basophils, but not neutrophils. In addition
to their chemotactic properties, eotaxin and RANTES stimulate production of
reactive oxygen species by eosinophils, indicating that they have both chemotac
tic and functional activation effects on eosinophils (84). Eotaxin is similar in
potency to RANTES as an eosinophil chemoattractant, but is a stronger stimulant
for production of reactive oxygen species by eosinophils (85). Both eotaxin and
RANTES are produced by dermal fibroblasts (79,86), and RANTES is also induc
ibly produced by keratinocytes (87,88). Enhanced production of RANTES has
been found in both keratinocytes (88) and fibroblasts from atopic dermatitis pa
tients (79). Intradermal injection of RANTES into both nonallergic and allergic
subjects is attended with a concentration- and time-dependent recruitment of eo
sinophils (89). However, a difference in the kinetics of eosinophil recruitment
and degranulation as detected by MBP staining is observed between nonallergic
and allergic subjects; nonallergic subjects show virtually no eosinophil infiltration
at 30 minutes and 6 hours, whereas significant eosinophi I recruitment and degran
ulation are observed in allergic subjects by 30 minutes, reaching near maximum
levels by 6 hours. However, by 24 hours, eosinophil infiltration and degranulation
in both groups reaches a peak and is similar. RANTES injections resulted in E
selectin expression in both subject groups; however, RANTES had no effect on
adhesion molecule expression by endothelial cells in vitro, suggesting that the
in vivo effects may be indirect (89).

In order for eosinophils to migrate into tissues from the peripheral blood,
the cells must transmigrate blood vessels; this information has been reviewed (90)
and is briefly summarized here. Three gene superfamilies regulating expression of
cell-surface proteins (91,92) contribute to the signaling needed for transmigration.
First, selectins are involved in the early, high-sheer force stage of leukocyte adhe
sion to endothelium. Second, integrins, another gene superfamily of adhesion
molecules, recognize counterreceptor members of the third gene superfamily,
namely the immunoglobulin gene superfamily. Together, members of the integrin
and immunoglobulin families interact to promote flattening and migration of cells
onto and through the endothelium. Following migration through vessels, eosino
phils are present in the extracellular matrix where integrins, expressed on the cell
surfaces, recognize substances such as the fibrous proteins, fibronectin, laminin,
and collagen and the glycosaminoglycans hyaluronic acid and chondroitin sulfate.
These interactions may modulate eosinophil activity (93).

The importance of E-selectin expression by endothelial cells for tissue in
filtration of lymphocytes in atopic dermatitis is supported by the observation that
T cells in atopic dermatitis express the skin-specific homing receptor, CLA, a
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ligand for E-selectin. E-selectin expression is also associated with neutrophil
adherence. Endothelial cell expression of vascular cell adhesion molecule-l
(YCAM-l) is also important in atopic dermatitis. Adherence of eosinophils ex
pressing very late antigen (YLA)-4, a counterligand for YCAM-l, and YCAM
1, but not E-selectin expression, is found after IL-4 stimulation of endothelial
cells (94). The number of eosinophils and deposits of MBP, EPG, and ECP are
significantly and strongly correlated with the staining intensity of YCAM-l (95).
These findings implicate YCAM-l expression in the mechanism of eosinophil
recruitment in atopic dermatitis.

Evidence supports an important role for adhesion molecules, not only in
leukocyte transmigration but also in leukocyte function. Simultaneous monitoring
of eosinophil adhesion and degranulation has shown that degranulation is always
preceded by cellular adhesion (96). Human eosinophils express the ~2-integrin

CDllb/CD18 (Mac-I). Monoclonal antibodies to CDl8 markedly inhibit eosino
phil adhesion, degranulation, and superoxide production induced by PAF or GM
CSF; monoclonal antibodies to CDllb also inhibit eosinophil adhesion and de
granulation (96). These findings indicate that CD 11 b/CD 18-dependent cellular
adhesion plays a crucial role in eosinophil degranulation and superoxide produc
tion. This mechanism may be important when eosinophils contact tissues afteJ
transmigrating vessels.

Migratory responses of eosinophils to C5a and TNF-a are the same i~

normals and in patients with atopic dermatitis. Following IL-5 exposure, eosino
phils from normal donors show potentiation of migratory responses to PAF an
platelet factor 4. (97,98). However, intracutaneous injection of PAF or allergen
in patients with atopic dermatitis is associated with a much stronger skin eosino
philia at allergen-injected sites than at PAF-injected sites. This indicates that PAF
alone does not account for eosinophil mobilization in atopic dermatitis. Taken
together, these findings suggest in vivo priming of eosinophils in atopic derma
titis; however, this priming for migratory responses is apparently not maximal
because it can be further potentiated by IL-5 (98).

VI. EOSINOPHIL DEGRANULATION IN
ATOPIC DERMATITIS

oj

..:l

M
!
Q>

~
.~

8
MARCEL DEKKER, INC.~

270 Madison Avenue. New York. New York 10016 IU?

Peripheral blood eosinophilia is found in many diseases and, specifically, has
been associated with atopic dermatitis (1). Measurement of peripheral blood eo
sinophils and serum MBP levels in a group of subjects including 16 patients with
atopic dermatitis showed that all normal control subjects had normal eosinophil
numbers and low MBP levels in the peripheral blood; in contrast, over half of
the patients with atopic dermatitis had elevated MBP levels in the peripheral
blood, some with normal eosinophil counts and some with elevated eosinophil
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counts (99). These results suggested that the toxic eosinophil granule MBP was
"escaping" from eosinophils through degranulation, secretion, or another pro
cess.

The common presence of peripheral blood eosinophilia in atopic dermatitis,
the histological findings that show few infiltrating tissue eosinophils, and the
prominent elevation of a granule protein from eosinophils in peripheral blood
prompted studies to determine whether eosinophils were degranulating in the
disease; these degranulated cells may not be recognizable morphologically, yet
their granule proteins may be exerting biological effects. Immunohistological
detection of eosinophil MBP was studied as a marker of eosinophil degranulation
(31). Nineteen biopsy specimens of affected atopic dermatitis skin with chronic
dermatitis and one of unaffected skin were obtained from 18 patients satisfying
the diagnostic criteria for atopic dermatitis (37). Biopsy specimens were taken
simultaneously from the affected and unaffected skin of one patient; two biopsy
specimens from the affected skin of another patient were obtained 2 years apart.
All 20 biopsy specimens from these patients showed extracellular MEP staining
by indirect immunofluorescence using polyc1onal affinity chromatography puri
fied antibody to MBP (31). The dominant staining pattern was extracellular fibril
lar fluorescence in the upper dermis, often with staining of scattered extracellular
granules in the dermis. The specimen from unaffected skin showed minimal fluo
rescence with fine fibrillar extracellular MEP staining in the upper dermis; in
contrast, a specimen of affected skin from the same patient showed marked upper
dermal fibrillar MEP fluorescence (Fig. Ie). The two affected skin specimens
obtained from the same patient 2 years apart both showed marked upper dermal
fibrillar MEP fluorescence (31). The findings from these studies demonstrated
eosinophil activity in atopic dermatitis through deposition of granule products.

A striking observation in the atopic dermatitis tissue specimens was exten
sive extracellular MBP staining with very few intact eosinophils. The identifiable
eosinophils were located predominantly within perivascular foci of mononuclear
cell infiltration. Yet in many of the biopsy specimens, extracellular MBP staining
was prominent throughout the upper dermis. With increased MBP levels (99)
and low-density eosinophils in the peripheral blood of patients with atopic derma
titis (l00), the dermal MBP deposition in lesions of atopic dermatitis could have
resulted from tissue deposition of eosinophil granule proteins from activated eo
sinophils in the circulation. However, the focal patchy localization of MBP prin
cipally in the upper dennis and the minimal staining of uninvolved skin argue
against this possibility and suggest that eosinophils deposit granule proteins di
rectly in the skin in this disease.

Following the initial demonstration of marked extracellular MBP deposi
tion in lesions of atopic dermatitis (31), 22 additional patients with atopic derma
titis patients were studied (35). Skin biopsy specimens were obtained from each
of these patients; blood and urine specimens were collected the same day as the
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biopsies from 19 and 14 of the patients, respectively. Specimens from 15 of the
22 patients showed prominent extracellular staining of at least one eosinophil
granule protein in lesional skin specimens; tissue deposition of the eosinophil
granule proteins was markedly out of proportion to the few infiltrating cells.
Only 4 of 19 patients in whom blood differential counts were available exhibited
peripheral blood eosinophilia of greater than 760 cells/flL. Yet serum levels ofl
MBP, EDN, and ECP were elevated in more than half of the patients' sera (15
of 19, 14 of 19, and 10 of 19 specimens, respectively); mean MBP, EDN, and
ECP serum levels in the group of 19 atopic dermatitis patients were elevated
compared to 50 nonatopic normal subjects. Urine levels of MBP, EDN, and ECP
were elevated in 3 of 14, 7 of 14, and 0 of ] 4 specimens, respectively (35).

Eight significant positive correlations were found from statistical compari
sons (35). Serum levels of MBP and EDN were correlated (rs = 0.64, p < 0.007)
and serum levels of EDN and ECP were correlated (rs = 0.63, p < 0.008). Tissue
deposits of MBP and EDN were correlated (rs = 0.76, p < 0.0005), as were
tissue deposits of MBP and ECP (r, = 0.67, p < 0.003), and tissue deposits of
EDN and ECP (rs = 0.68, p < 0.002). Urinary MBP levels correlated with serum
EDN levels (rs = 0.60, p < 0.04). Peripheral blood eosinophils correlated with
MBP deposition in tissues (rs = 0.49, p < 0.04). A relationship between body
surface involvement and peripheral blood MBP levels (r, = 0.59, P < 0.02) was
also found (35).

Monoclonal antibodies to ECP and MBP are commercially available and
have been used in studies to delineate eosinophil involvement in atopic dermatitis.
With respect to staining with EG2 (Phannacia & Upjohn, Uppsala, Sweden), a
monoclonal antibody to ECP, studies have shown that EG2 stains not only ECP
in and from eosinophils but ECP in and from neutrophils in tissues as well (10 1).
Therefore, the detection of ECP may be from an eosinophil or a neutrophil source
or both. With respect to staining with BMK13 (Biodesign International, Kenne
bunk, ME), a monoclonal antibody to MEP, the sensitivity in detecting extracellu
lar MBP deposition is much less than with polyclonal antibodies. Figure 2 illus
trates the prominent extracellular eosinophil granule MBP staining observed in
chronic atopic dermatitis lesions by both indirect immunofluorescence and by
immunoperoxidase staining methods. Figure 2 also comparatively demonstrates
staining with monoclonal and polyclonal antibodies to MEP. Considerably less
MBP is detected in tissues stained with monoclonal antibodies than with poly
clonal antibodies using either method. This has been observed with other mono
clonal antibodies to MBP as well (unpublished observations). Therefore, eosino
phil involvement may be underestimated in tissue assays with monoclonal MEP
antibodies.

Over the past several years, various studies have reported relationships be
tween eosinophils and atopic dermatitis disease activity; they are reviewed else
where (102). For example, peripheral blood eosinophils are increased in severe



Figure 2 Eosinophil granule major basic protein (MBP) staining in an atopic dermatitis
lesion as detected by different antibodies and indirect staining techniques; polyclonal MBP
antibodies (panels B and D) revealed greater MBP staining than monoclonal antibodies
(panels A and C) in tissue with both immunofluorescence and immunoperoxidase methods.
Comparable fields were photographed from serial sections and show extensive extracellu
lar MBP deposition in the dermis with few intact infiltrating cells. In addition, the features
of chronic dermatitis are evident with elongation of the epidermal rete pegs, thickening
of the basement membrane zone and perivascular mononuclear cell infiltration (160 x
original magnification). Negative controls using protein A purified rabbit IgG and irrele
vant monoclonal antibodies did not show staining. Lesional atopic dermatitis skin stained
by: (A) indirect immunofluorescence with monoclonal MBP antibody (BMK 13, Biodesign
International, Kennebunk, ME); (B) indirect immunofluorescence with affinity-chroma
tography purified polyclonal MBP antibody; (C) immunoperoxidase with BMKI3 mono
clonal MBP antibody; (D) Tmmunoperoxidase with affinity-chromatography purified poly
clonal MBP antibody.
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disease, and peripheral blood eosinophils decrease with therapeutic improvement
(61,103-109). These studies showed that blood eosinophil counts roughly corre
late with disease severity, although many patients with severe disease show nor
mal peripheral blood eosinophil counts. The patients with normal eosinophil
counts were mainly those with atopic dermatitis alone; patients with severe atopic
dermatitis and concomitant respiratory allergies commonly had increased
peripheral blood eosinophils (06). Other studies have shown that serum ECP
levels are increased in atopic dermatitis and correlate with disease activity
003,105,110-121). Similar results were found in both adults (115-117) and chil
dren (110,114), although children usually had lower ECP levels (102). Correla
tions between ECP levels and eosinophil counts in the peripheral blood were
variable (110,114). Serum ECP levels did not correlate with serum IgE levels,
and serum ECP levels were increased in patients with atopic dermatitis who did
not have elevated 19B. None the less, the relationship between ECP levels in
peripheral blood and the clinical activity of atopic dermatitis provides additional
strong support for the eosinophil's role in the disease, although, as noted above,
caution must be exercised in attributing ECP solely to eosinophil activity because
ECP is present in neutrophils and, thus, may be derived from neutrophils as well
(1 OJ ).

VII. FATE OF EOSINOPHILS IN ATOPIC DERMATITIS
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The striking extracellular deposition of eosinophil granule proteins in lesions of
atopic dermatitis and the granule protein elevations in peripheral blood that corre
late with disease activity suggest that these granule-associated proteins are re
leased from the eosinophil in the disease process. In the IgE-mediated LPR, extra
cellular eosinophil granule protein deposition corresponds with electron
microscopic observations showing obvious eosinophil disruption and free gran
ules in the tissue (33). Electron microscopic studies of specimens from 10 patients
with atopic dermatitis revealed disrupted eosinophils and/or free eosinophil gran
ules in 7 patients' lesions. No normal eosinophils were found, and various degrees
of eosinophil degeneration were observed in the dermis ranging from intact eosin
ophils with granule abnormalities, to intact eosinophils with granule abnormali
ties and prominent pseudopod-like extensions, to eosinophils with degenerating
cell and/or nuclear membranes, to free eosinophil granules in proximity to or in
the absence of nearby degenerating eosinophils. Free granules as well as cyto
plasmic granules in degenerating eosinophils showed lucency and loss of core
density (122). This electron microscopic study oflesional atopic dermatitis speci
mens showed a spectrum of disrupted eosinophils; no evidence of other forms
of degranulation such as classical granule exocytosis (piecemeal degranulation)
or vesicular transport was seen. On the basis of these findings, it appears that
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deposition of eosinophil granules and granule proteins in atopic dennatitis may
be mainly the result of a cytolytic process.

Programmed cell death (PCD) of peripheral blood eosinophils is delayed
in atopic dermatitis to an even greater extent than in inhalant allergy (123). De
layed PCD was the same in "atopic" and "nonatopic"atopic dennatitis subjects,
indicating that it is not likely specifically related to sensitization and, based on
studies of eosinophils in culture, may be due to autocrine production of growth
factors by eosinophils (123). On the other hand, apoptosis in eosinophjls from
atopic dermatitis patients could be induced in a dose-dependent manner with
glucocorticoids (124). At this time, it is difficult to reconcile the delayed eosino
phil apoptosis, or PCD, observed in atopic dermatitis (123) with the prominence
of cytolytic eosinophil degeneration also observed in the disease (122); however,
delayed PCO may be an indicator of eosinophil activation that, once eosinophils
infiltrate tissues, is associated with granule release and cytolytic cell death.

VIII. IGE-MEDIATED LATE PHASE REACTIONS AND
ATOPIC DERMATITIS
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Eosinoprul degranulation occurs in several in vivo models of hypersensitivity
including the IgE-mediated late phase reaction (LPR) (33). Intradermal allergen
injection in allergic patients causes the LPR and release of eosinophil granule
proteins into tissues (and into blister fluids bathing these lesions) (125,126) with
marked disruption of eosinophils and extracellular deposition of eosinophil gran
ule proteins (33). Eosinoprul survival-enhancing cytokines are also present in
LPR blister fluids (127), and increased mRNA expression of the cytokine gene
cluster IL-3, IL-4, IL-5, and GM-CSF is found in the cutaneous LPR (128). Simi
larly, after nasal challenge with antigen, the LPR is accompanied by a dramatic
increase of eosinophils along with eosinophil degranulation as indicated by in
creases in MBP and EON in nasal lavage fluids (129), and eosinophil-active
cytokines are present in nasal secretions (130). In studies of cytokine expression
during allergen-induced late nasal responses, the expression of IL-4 and IL-5
mRNA was found predorillnantly in eosinophils early in the reaction at 6 hours
(131). Analyses of eosinophil granule proteins in the pulmonary LPR induced
by segmental challenge with ragweed extract have shown that MBP, EON, EPa,
and ECP are elevated in bronchoalveolar lavage (BAL) fluids (132) and IL-5 is
the predominant eosinophil-active cytokine (133). Thus, allergen challenge of
sensitized persons causes eosinophil infiltration and degranulation into the skin,
nose, and lung.

The late phase of the IgE-mediated reaction has been proposed as a model
for chronic allergic inflammation, including that seen in atopic dermatitis
(134,135). Immediate hypersensitivity reactions in the skin are characterized by
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the development of a wheal and flare, which peaks in 10-20 minutes; the LPR
is an inflammatory reaction developing hours later at the same site but over a
much larger area with painful, pruritic edema. Pathological examination of the
cutaneous LPR has shown infiltration with mononuclear cells, neutrophils, baso
phils, and eosinophils along with edema and mast cell degranulation (136-138).
Eosinophil infiltration occurs quickly after antigen challenge with eosinophils
marginating in blood vessels within 15 minutes of challenge (33). Extracellular
deposition of eosinophil and neutrophil granule proteins in the LPR begins within
one hour after antigen challenge and persists to 56 hours (33). Extracellular eosin
ophil and neutrophil granule protein deposition are prominent at the peak of the
reaction, 6-8 hours after antigen challenge (33).

Both the IgE-mediated cutaneous LPR and atopic dermatitis lesions are
associated with the induction of leukocyte adhesion molecules including E-selec
tin, VCAM-I, and intercellular adhesion molecule-I (ICAM-I). In children with
atopic dermatitis, increased circulating soluble ICAM-I levels are found (139),
and soluble E-selectin cOITelates with disease activity (140). The induction of
these leukocyte adhesion molecules can be blocked by neutralizing antibodies to
IL-I and TNF-a (94), implicating these cytokines in the expression of leukocyte
adhesion molecules. Therefore, the release of such cytokines likely is an impor
tant regulatory event in the local accumulation of inflammatory cells at the site
of allergic reactions.

Immunohistological studies comparing atopic dermatitis and the cutaneous
LPR have shown differences. In the LPR, extracellular deposition of both eosino
phil and neutrophil granule proteins is found (33). In contrast, in atopic dermatiti
lesions, prominent extracellular eosinophil granule protein deposition is present
but neutrophil granule protein deposition is not (35). Immunoassay of sera from
atopic delmatitis patients for eosinophil granule proteins and neutrophil elastase
showed similar findings; levels of eosinophil granule proteins were increased
compared to normals studied in the same assay, whereas neutrophil elastase levels
in sera from atopic dermatitis patients were within the normal range (35). Overall,
the results indicate that eosinophils actively participate in the pathogenesis of
atopic dermatitis, but, unlike the IgE-mediated LPR, neutrophils do not appear
to playa role in established lesions of atopic dermatitis (35).

The differences that are observed in the inflammatory cell activity compar
ing atopic dermatitis to the LPR may have several explanations (Table 2). The
mode of antigen exposure may be linked to the pathophysiological outcome. For
example, in atopic dermatitis, antigens are likely ingested, inhaled, or contacted
rather than intradermally injected as in the LPR. The inflammatory response may
be modified depending on antigen presentation and processing in the different
anatomical areas. Moreover, atopic dermatitis skin may differ from skin of pa
tients who have respiratory allergies in whom LPRs are elicited; patients with
respiratory allergies have essentially normal skin, whereas patients with atopic
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Table 2 Possible Explanations for Differences in Inflammatory Cell Involvement
Comparing Atopic Dermatitis to the IgE-Mediated Late Phase Reaction

Different mode of antigen exposure
In atopic dermatitis likely ingested, inhaled or contacted rather than intradermal as

in the LPR
Disease expression may be modified depending on antigen processing and

presentation
Atopic dermatitis skin may be constitutionally different than skin of patients with

respiratory allergies
Repeated or continuous antigen exposure may show a different inflammatory response

than single exposure
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dermatitis show altered pharmacophysiological responsiveness and aberrant fatty
acid composition. Finally, repeated or continuous antigen exposure may cause a
different inflammatory response pattern than single exposure.

Allergen challenge models other than the LPR have been studied to delin
eate the pathogenesis of atopic dennatitis and further establish links between
the eosinophil and the pathophysiology of atopic dennatitis. They suggest that
a different mode of antigen exposure, namely the epicutaneous route, compares
favorably to the intradermal route. Biopsies of aeroallergen patch test sites in
atopic dermatitis patients showed that lymphocytes and eosinophils infiltrate the
dennis 2-6 hours after allergen application. By 24-48 hours after patch test appli
cation, eosinophils had infiltrated the epidermis and released ECP (141). Acti
vated eosinophils are also in the epidennis and dermis in contact with antigen
presenting (OKT6-positive) cells (142). Furthennore, eosinophil granules are
present outside of intact cells, and ECP is present in macrophage-like dermal
cells (142). In other studies of house dust mite patch test sites, tissue biopsies
revealed that eosinophils localize in dennal postcapillary venules at 2 hours, fol
lowed by tissue infiltration at 6 hours, peaking at 24 and 48 hours with spongiosis
in the epidermis at 48 hours. Endothelial cell expression of E-selectin and
ICAM-I was upregulated as infiltrating eosinophils increased (143). Increased
expression ofIL-4, IL-5, IL-6, IL-7, and TNF-a was also observed (144). Taken
together, these studies demonstrate a relationship between eosinophil activity and
eczematous dermatitis and indicate that cutaneous eosinophil infiltration and de
granulation may be induced with epicutaneous allergen contact.

Emerging evidence also indicates that repeated or constant allergen expo
sure may be associated with a changing inflammatory pattern. In monkeys, for
example, repeated allergen challenge by inhalation is attended with airway
neutrophils early, followed by a prolonged inflammatory reaction and a marked
increase of airway eosinophils. The airway eosinophilia is associated with an
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increase in airway responsiveness (145). It is likely that repeated or continual
antigen challenge in skin is attended with further development of the IgE-medi
ated reaction (146) including eosinophil involvement. As mentioned previously,
chronic lesions of atopic dermatitis that may result from chronic allergen expo
sure show significantly fewer IL-4 and more IL-5 mRNA-expressing cells than
acute lesions, and chronic lesions also show more eosinophil infiltration (75). IL
12 mRNA-expressing cells are also greater in chronic lesions. Because eosino
phils have recently been found to express IL-12 (147,148), these cells may be
eosinophils. A corresponcling increase in IL-12 may promote a ThO to Thl switch
in chronic lesions, resulting in IFN-y production as is also found in chronic atopic
dermatitis lesions (43). The evolution of the chronic IgE response toward Th 1
activity may help explain why the histopathology of chronic atopic dermatitis is
similar to delayed-type hypersensitivity. Although the role of eosinophils in de
layed-type hypersensitivity has not been well characterized, IFN-y is a prominent
cytokine in delayed-type hypersensitivity reactions and IL-4 mRNA is expressed
in contact dermatitis (149); because eosinophils possess both functional IFN-y
and IL-4 receptors, they may be involved in Type IV, delayed and contact, hyper
sensitivity as well as Type I, IgE-mediated and immediate hypersensitivity. Re
sults from recent studies indicate that Th2 cells require signals in addition to anti
gen for maximal inflammatory cell recruitment and that Th1 and Th2 cells together
promote a robust eosinophil-predominant inflammatory response (150).

IX. THERAPEUTIC POTENTIALS
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Many pathogenic pathways involved in inducing atopic dermatitis have been and
continue to be investigated. IgE-bearing antigen-presenting cells, IgE-bearing
mast cells and basophils, Th2 lymphocytes, and monocytes evidently are impor
tant in the pathogenic process. Eosinophils also appear to be intricately involved,
although they may not be central cells for initiating the immunological response
but rather for perpetrating the response. As such, interference with eosinophil
activity as a therapeutic approach may ameliorate the end results of the inflam
matory process and will likely not have such potentially grave consequences as
interference with other, more centrally acting immunoresponsive cells. Glucocort
icoids are the mainstay of treatment for eosinophil-related diseases, and they are
widely used to treat atopic dermatitis especially in topical form. Lidocaine mimics
certain activities of glucocorticoids in blocking IL-5 activity on eosinophils in
vitro. Two recent studies have shown beneficial effects in using nebulized lido
caine for asthma (151,152); studies in atopic dermatitis remain to be initiated.
IFN-y effectively reduces total leukocyte and eosinophil counts in patients with
the hypereosinophilic syndrome (153), and stuclies in atopic dermatitis have
shown that improvement with IFN-y treatment correlates with decreased eosino-
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phH count, (108). Hunt,ui,ed mouoclo",' ,ud IL-5 i, cUHeutly iu clioi,,' tri",
of asthma (154), and it will be interesting to learn whether it is effective in atopic
dennatitis. IL-4 is important in Th2 development and eosinophil infiltration,
therefore, soluble IL-4 is being investigated as treatment for eosinophil-associ
ated diseases. Agents that block eosinophil chemotaxins, including eotaxin, and
chemotaxin receptor blockers are under development as are agents that block
eosinophil adhesion and, hence, activation. Leukotriene antagonists have also
been studied, and the leukotriene receptor antagonist zafirlukast has been found
to be beneficial in treating atopic dennatitis (155). Finally, polyanions, such as
heparin and polyglutamic acid, can neutralize the toxicity of the intensely cationic
eosinophil granule proteins, and they have been shown to block bronchial hyper
reactivity caused by MBP (156). Thus, analyses of the therapeutic effects of neu
tralizing acidic substances is warranted.

x. CONCLUSION

Strong evidence supports a role for eosinophils in the pathogenesis of atopic
dennatitis. The cutaneous inflammatory reaction in atopic dermatitis includes
recruitment, activation, and cytolytic degranulation of eosinophils with release
of cytotoxic granule proteins and other mediators from eosinophils, which con
tributes to the disease expression. The IgE-mediated reaction, as currently under
stood, is an incomplete or inadequate model for atopic dennatitis; however, re
peated or continuous allergen challenge may show a multiphasic response beyond
the classical dual phase IgE response with persistent inflammation and eosinophil
involvement (Fig. 1). What initiates the disease, why only certain individuals are
afflicted, and whether blocking the effects of eosinophil activity will modify the
manifestations of atopic dermatitis are important questions for continuing investi
gations.
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Elizabeth A. Erwin and Thomas A. E. Platts-Mills
University of Virginia, Charlottesville, Virginia

I. INTRODUCTION

In 1892 Besnier was the first to describe a familial pruritic skin disorder that
begins during infancy, fluctuates with seasonal variations, and often occurs with
asthma and hay fever. As such, the condition was called prurigo Besnier or infan
tile eczema. In 1902 Brocq used the tenn diffuse neurodermatitis, implying that
the nervous system played an important role in its pruritus. The concept of allergic
causation developed in conjunction with skin test studies in the 1920s, and the
tenn atopic dermatitis (AD) was introduced by Wise and Sulzberger in 1933 due
to the association with atopy (1). Acceptance of this new name reflected not only
the growing awareness of an association between the disease and asthma or aller
gic rhinitis, but also the view that exposure to allergens played a significant role
in the disease (2-4). In 1949 Tuft reported that most adult patients with AD had
positive skin tests to "autologous" house dust, i.e., dust from their own homes
(5). He went on to demonstrate both exacerbations of eczema with inhaled dust
as well as improvement of skin symptoms when houses were "cleaned."

In spite of such evidence that allergens played a role in the disease, objec
tions remained, largely based on the failure of allergens to produce delayed or
eczematous skin lesions during skin testing and the observation that inununother
apy with suspected allergens was not effective. These arguments blocked further
understanding and investigation of the allergic etiology of eczema for many years.
Today, with the development of techniques to better define specific allergens and
a clearer understanding of the pathogenesis of eczema, the role of allergens can
be studied in detail. Still, it is important to remember that AD is multifactorial
and needs to be approached in this way if successful management is to be
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achieved. Recently, it has been proposed that AD can be classified as extrinsic
or intrinsic. The extrinsic cases (~70%) have a total immunoglobulin E (1gE)
~ 300 lUlmL and positive IgE antibodies. In addition, these cases have FcrRl
expressed on skin Langerhans cells. The comments in this chapter apply to extrin
sic cases and probably not to the minority «30%) of cases with 19E < 200 lUI
mL.

To further understand the relevance of allergens in AD, we will review the
relationship between 19E levels and AD, results of patch tests in atopic individu
als, and the more recent findings regarding T cells in AD lesions and genetic
linkage analyses. We will then discuss in more detail the specific inhalant aller
gens implicated in the disease, and finally, evaluate the evidence about their role
in the development of AD.
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II. IMMUNOPATHOLOGY

A. IgE and IgE Antibodies

With the discovery of IgE by Ishizaka in 1967 and the development of the radioaJ
lergosorbent test (RAST) in 1971 by Wide and Johannson, it became clear that
at least 80% of patients with AD had elevated levels of these antibodies. Ogawa
et a1. reported an association between 19E levels and severity of disease, which
has been supported in subsequent studies (6). Furthermore, early studies estab
lished that the patients had specific IgE antibodies to a range of allergens that
are present in the air both outdoors and indoors. Recently the quantity of specific
IgE to various allergens was compared in serum assays of patients with atopic
dermatitis. The greatest concentration of 19E was specific for dust mite. In fact
concentrations of 19E to dust mite allergens in patients with AD were in general
at least 20-fold higher than those found in sera from patients with asthma (7)
(Fig. 1). Nevertheless, there are some confounding issues in the association of
high 19E levels and AD. In AD with associated respiratory symptoms, the rela
tionship between exposure and the disease may be easier to recognize. However,
patients with "pure" AD can be considered separately (20-40% of all patients
with AD) (6). These patients can be further divided by 19E levels. In our own
studies we have identified patients who have no respiratory tract symptoms but
who have very high total and specific IgE (8). We do not think that the absence
of respiratory symptoms argues against the relevance of IgE antibody to the skin
disease (6). Elevated 19E levels are also found in other dermatoses, such as cuta
neous T-cell lymphoma and scabies, as well as helminthic infestations (9). The
elevated total and specific 19E in scabies reflects immediate hypersensitivity to
the mite Sarcoptes scabeii, which is a close relative of Dermatophagoides and
has considerable antigenic cross-reactivity (10).
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Figure 1 IgE antibodies to dust mite among patients with AD compared to a random
group of patients with asthma and controls. Odds ratio for AD for IgE antibody 2': Class
4; 46 (CI 15-151) compared to control group. (Data from Ref. 7.)
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Using biopsies from patients with eczema, Bruijnzeel-Koomen et al. dem
onstrated IgE bound to Langerhans cells in epidennal cell suspensions (11). This
suggests a linkage between type I and cel1ular hypersensitivity mechanisms. Their
group went on to suggest a role for IgE-bearing Langerhans cel1s. They hypothe
sized that aeroallergens could penetrate the skin and bind to IgE on Langerhans
cells contributing to a local T-lymphocyte response. T lymphocytes could be
involved in induction of the eczematous response as wel1 as being responsible
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for production of IL-4. In addition to its role in the production of IgE by B cells,
IL-4 may be involved in induction of FCERI. This can be expressed on monocytes,
which differentiate into dendritic cells, or directly on dendritic cells, thus ampli
fying the response to allergens (12). Some authors continue to argue that it is
possible that elevated IgE levels in AD patients are simply an incidental finding
or are a consequence of altered B cell regulation. However the strength of the
association with IgE antibodies to common inhalant allergens strongly argues
that they are directly relevant to the pathogenesis of the disease (Fig. 2).

Biopsy of patch test responses has shown cellular infiltrates of eosinophils and
mononuclear cells (13,17,18). Mitchell et aI. also reported the finding ofbasophils

B. Results of Patch Tests with Inhalant Allergens

Exacerbation of skin rash in AD patients has been reported following allergen
challenge by nasal provocation, bronchial provocation, and conventional skin
testing. None of these approaches, however, provided a consistent model in which
the response of the skin to allergen exposure could be studied. Indeed, it was
often argued that allergens were not relevant to AD because they only produced
an "urticarial" response in the skin. Perhaps the best technique reported so far
for studying the role of inhalant allergens in AD has been the patch test. Mitchell
et a1., using a technique of "stripping" the skin (to remove the lipid barrier that
would normally prevent penetration of proteins of MW :2:5000) followed by the
application of a patch containing 5 Ilg of purified mite allergen, found a consistent
eczematous response in AD patients at 48 hours as manifested by confluent papu
lar erythema in mild cases and edema and exudation in those with stronger re
sponse (13). This finding was limited to AD patients who gave a positive immedi
ate skin reaction to the same allergen. Subsequent studies have confirmed the
finding of positive patch test results in AD patients and coined the term "atopy
patch test" (see Ref. 14). It has been suggested that abrasion (which is similar
to scratching) and prolonged exposure simulate naturally occurring conditions of
AD. One study, performed in pediatric patients with AD using patch tests of
house dust mite, cockroach, mold mix, and grass mix, induced an eczematous
response in 90% of the children tested with AD. The control group, atopic chil
dren without AD, developed an eczematous response in only 10% of the cases,
yielding an impressive p-value of <10-6 (15). Others have performed patch test
ing without abrasion and have still identified allergens that were demonstrated
to be clinically significant by resolution of symptoms when the exposure was
removed (16).

c. Eosinophils and Basophils in Natural and
Induced Eczema oj
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Figure 2 Relevance of inhalant allergy as part of the evaluation and management of

atopic dermatitis.
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in biopsies from patch reactions (13), although this finding has not been repro
duced in all subsequent studies (17,18). Recently Irani et al. reported positive
staining in AD using a basophil-specific monoclonal antibody (19). The finding
of eosinophils in patch tests was surprising since eosinophils are not obvious in
biopsies of naturally occurring eczematous skin lesions. In fact, eosinophils were
predominant in the cellular infiltrate. When the patch test was extended by re
applying allergen every two days. the biopsies showed a progressive increase in
eosinophils up to the sixth day but showed a dramatic decrease at 10 days (20)
(Table 1). This finding could be interpreted as showing that continued exposure to
antigen leads to degranulation of eosinophils with release of their toxic contents,
substances that go on to perpetuate the eczematous lesions. This view is strongly
supported by studies investigating eosinophil major basic protein (MBP) in le
sions of patients with AD. Gleich and colleagues found strong staining in skin
biopsies using anti-MBP even though the skin did not have identifiable eosino
phils (21). Similarly, Kapp et al. found increased levels of eosinophil cationic
protein (ECP) in sera of patients with atopic dermatitis (22).

Further research was undertaken to examine the relevance of serum ECP
to atopic dermatitis. As there was very little correlation between blood eosinophil
count and ECP, it was not simply a reflection of eosinophilia. Additionally, some
patients with low serum IgE levels and without specific IgE also had increased
serum ECP levels. It has been suggested that increased ECP reflects the activation
state of eosinophils or the release of eosinophil granules in eczematous skin (23).
Czech et aI. showed that serum ECP level significantly correlated with disease
activity in AD by clinical scores. Clinical improvement was also associated with
a decrease in serum ECP level, suggesting that it could be used as an objective
measure of response to treatment (24).

The complexity of the AD lesion was further emphasized by the finding
of basophils in biopsies from patch tests. Basophils are typically found in a form

Table 1 Accumulation of Inflammatory Cells in Atopy Patch Tests over 10 Days
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Time
of bx Basophils Mast Eosinophils Monocytes Neutrophils Total

2 days 2 46 0 303 16 367
2 days 26 56 337 7Y5 37 1251
6 days 22 77 1249 833 13 2194

10 days 21 113 96 932 9 1171

Note: 5 llg Del' p I was applied on a patch of gauze to three separate sites and was reapplied every
2 days. Biopsies earned out with a 4 nun patch biopsy were sized with Karnovsky embedded in
plastic and stained with Giemsa.
Source: Adapted from Ref. 20.

Saline
Der pI
Der pI
Der pI

Patch
applied
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of delayed hypersensitivity termed cutaneous basophil hypersensitivity. Using
systemically administered plasma or locally administered antibody from patients
with AD, it was possible to demonstrate that the eosinophil response could be
passively transferred with IgE antibody, suggesting that eosinophil infiltration
could be explained by release of mediators from passively sensitized mast cells
in the skin. The local basophil response could only be transferred with whole
serum injected intradermally, which suggests that T cells in the recipient were
playing an active role in their recruitment (25). Presently, there is no general
agreement about the existence of T-cell-derived factors that could sensitize the
skin to produce a local basophil infiltrate (26,27).

E. T Lymphocytes

While the role of T cells has not been completely elucidated, patients with AD
have circulating T cells that respond in vitro to dust mite and other allergens.
Furthermore, the number ofT cells in the skin is dramatically increased in patients
with lesions of atopic dermatitis. This can also be demonstrated over the course
of an atopy patch test. Thepen et al. observed different cytokine-producing sub
populations of lymphocytes by double staining for IL-4 and IFN-y. They showed
a shift in balance between different T-helper-cell populations during patch test
ing. At 24 hours, an increase in Th2 occurs with predominant IL-4 production.
Between 24 and 48 hours, an increase in the percentage of CD4 cells with a Th I
phenotype occurs associated with a decrease in Th2 resulting in IFN-y production
prevailing over IL-4 (28). In addition, investigators have reported increased solu
ble IL-2 receptor levels in patients with AD suggesting T-cell activation (29).
The circulating T-cells in patients with AD that respond in vitro to mite antigens
are predominantly CD45RO+. In addition, they carry the skin homing marker,
cutaneous lymphocyte antigen (CLA +), strongly suggesting that the cells were
primed in the skin and can preferentially localize to the skin (30).

F. Genetic Analyses

In the search for the genetic basis of IgE levels and allergic diseases, associations
between total serum IgE concentration and polymorphism in several candidate
genes have been reported. The region in 5q31-q33 is full of candidate genes,
including clustered cytokine genes such as IL-4 and IL-13, which are known to
be important in class switching to IgE and in the differentiation of nai've T cells
into Th2/ThO cells. Liu et al. reported a novel sequence variant in the IL-13
coding region and demonstrated a significant association of the allele with both
high total serum IgE level and AD (31). Although it is likely that there is a genetic
component to AD, it remains unclear whether this reflects a factor controlling
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IgE production, specific IgE responses to a dominant antigen such as dust mite,
or some more nonspecific control over the activation of helper T cells.

Clearly, there is evidence to support a role for inhalant allergens in the
exacerbation and pathophysiology of AD. While it has been shown that eosino
phils playa role in this response, the role of mast cells, basophils, and T cells
is less clear. The issue of whether inhalant allergen induced inflammation of the
skin involves a direct role for T cells remains undecided.

III. INHALANT ALLERGENS

A. Dust Mites

oj

..:l

M
!
Q>

~
.~

8
MARCEL DEKKER, INC.~

270 Madison Avenue. New York. New York 10016 IU?

As early as 1932, Rost reported that patients with eczema improved when living
in a dust-free environment (4). Later, Tuft confirmed that patients improved when
taken out of their homes (5). However, true placebo-controlled trials are difficult.
First, it is difficult to standardize avoidance measures, and the degree to which
avoidance is carried out by one individual is hard to quantitate. Second, it is
difficult to control for each avoidance measure allowing for an overlap in re
sponses. Finally, the presence of complicating factors such as food allergy, bacte
rial infection, and possibly even fungal colonization of the skin might result in
failure to improve in spite of decreased dust mite exposure. Kolmer et a1. reported
several patients with positive fungal cultures, immediate hypersensitivity to the
species of fungi grown, and clinical improvement when treated with extended
courses of antifungals (32). These patients had failed to improve with environ
mental allergen avoidance, and cases of this kind would confound controlled
trials.

As a result, only a few controlled trials have been published to add support
to anecdotal reports. In 1984, Roberts noted improvement in 15 out of 18 patients
with severe atopic dermatitis after a 6-week period of efforts to decrease house
dust mite exposure (33). Tan et a!. (34) reported a controlled trial of dust mite
avoidance measures in which they compared levels of house dust mite to im
provement in clinical symptoms. They found that anti-house dust mite measures
produced significant improvements in eczema severity. As with avoidance studies
for asthma, there was also improvement in the patients in the control group, but
part of this reflects reduced exposure secondary to increased cleaning (i.e., a
Hawthorne effect in the placebo group).

Specific avoidance measures addressed in the studies described include
covering the pillow, mattress, and box springs with allergen-impermeable covers,
washing bedding in hot water, and cleaning carpets with an efficient vacuum
cleaner on a weekly basis. Additional helpful measures include replacing carpets
with polished flooring, keeping humidity at <50% in the house, and reducing
the temperature to <70°F. In general, the measures proposed for AD are not
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different from the mite-avoidance measures that are well established in the treat
ment of asthma in mite-allergic patients (35).

There is conflicting evidence regarding whether dust mite allergens have
their primary role through direct contact with the skin, or whether inhalation and
absorption through the respiratory tract is equally important. Some researchers
have shown that patients with AD have increased sensitivity to irritants and that
irritant reactions occur during patch testing. Specifically, house dust mite aller
gen, which is a cystein proteinase with catalytic sites distinct from the allergenic
epitopes, may function not only as an allergen but also because it is an enzyme
(36). Carswell and Thompson (37) addressed the mechanism of sensitization
when they found that serum concentrations of IgE Ab specific for allergens in
the dust mite body were greater in children with eczema than in children with
asthma. They suggested that increased exposure to mite body allergens was a
consequence of skin inflammation and thus the pattern of antibodies provided
evidence for sensitization through the skin. On the other hand, Tupker et a!. later
demonstrated the induction of skin symptoms consisting of new lesions as well
as exacerbation of existing lesions by inhalation of house dust mite in a double
blind, randomized, placebo-controlled trial (38).

B. Other Inhalants
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If dust mite can induce AD through inhalation or topical exposure as described
above, logically there should be a role for other inhalant allergens. In fact, earlier
investigators published anecdotal reports involving pollens, animal dander, and
molds. In 1918 Walker (39) reported two patients who experienced significant
clearing of their skin following pollen avoidance. He noted that these patients
had previously suffered seasonal exacerbations. In a horse-allergic patient, he
observed worsening of rash following inhalation of horse dander (39). Hopkins
suggested a possible role for molds in 1930 when he observed worsening of a
patient's skin lesions following the inhalation of Alternaria (40), and Tuft re
ported immediate pruritus in two ragweed-allergic AD patients upon inhalation
of ragweed allergen (41).

It has been difficult to obtain controlled evidence for allergens other than
dust mite. Patch test results have supported a role for other inhalant allergens,
but not as frequently as dust mite. Adinoff et a!. (42) published a collection of
case repons on a subset of AD patients who displayed positive patch tests to
animal dander, molds, grasses, trees, and ragweed. They found that in their 10
patients positive patch tests could be predicted by history and thus correlated
with aeroallergens identified in their patients' environments. In 1989, Clark and
Adinoff (43) expanded on their previous findings, detailing that patients were
able to associate contact with specific allergens and exacerbations or experience
seasonal variability in their disease severity. They also observed that removal of
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in skin symptoms. In their experience they found that approximately 30% of
positive skin prick tests resulted in positive patch tests. When Ring et al. (14)
investigated whether the patch test could be used to evaluate the role of aeroaller
gens in AD, they found that their patients could be divided into two groups ac
cording to the clinical distribution of their AD lesions. Group I exhibited an air
exposed pattern with lesions on skin that was not covered by clothing, including
head, neck, forearms, ankles, and hands. In this group, 69% had positive atopy
patch tests. In Group II, which did not show such a pattern of lesions, 39% had
positive atopy patch tests. Despite these reports, it would seem that the role of
pollen exposure is modest in patients with AD because their symptoms are not
markedly influenced by pollen seasons. In fact, most AD patients actually im
prove during the spring and summer at the time when pollen levels are elevated.

In view of the recent attention to the role of cockroach allergen in asthma
in inner city children, it is not surprising that its contribution to AD has begun
to be investigated. Wananukul et al. (15) demonstrated positive intradermal reac
tions to cockroach in 86% of pediatric patients studied. Additionally, 70% of
these children had positive patch test results to cockroach. Purification of the
allergens has been fairly recent, and further studies dealing solely with cockroach
allergy and AD have yet to be done. Given its fairly impressive role in asthma
and the information described above, one might predict that cockroach allergen
will come to be seen as playing an important role in AD.

A few studies have looked at specific IgE to other aeroallergens. Haatela
and Jaakonmaki reported elevated specific IgE to cat and dog (44), and Scalabrin
et al. found correlations between serum total IgE levels and specific IgE levels
to fungi in their patients with AD (7) (Fig. 3). However, it is important to remem
ber that some fungi can also colonize the skin and playa role in disease. Our
experience is that most, but not all patients with fungal infection of the skin have
high levels of total IgE and specific IgE to dust mite. Thus it is likely that there
is a role for both colonizing fungi and inhaled fungi and inhaled or topical mite
exposure.

In contrast to the increased sensitization to dust mite that is seen with in
creased exposure, we have recently published data that show that high exposure
to cat allergen Fel d 1 induces production of IgG and IgG4 antibodies but not
IgE antibodies in otherwise allergic children (45). This tolerant response has the
features of a modified Th2 response rather than a Thl response. Preliminary
data from measurement of serum IgE and IgG in AD patients by RIA and CAP
demonstrated only one patient with IgG to Fel d I without evidence of hypersensi
tivity. This raises the possibility that patients with AD may be unable to develop
a similar "tolerance" to Fel d 1, suggesting that their T cells respond differently
to high-dose antigen.



Aeroallergens 367

1000.00

[-------------------- p<O,0001-····-···--·-----1

[--·_-p<O,OOO1------)

0 [----------n.s.-----_·_--)

100.00 co

E S
0....... 0

W::J 0 S
Cll 0;

cR:>..... cfD 0Cll
E: 0
Q) 0

~=rg 10.00
---1'P-

~
~<:t: 0 0

.8 rg 0 0

..0 0(Q 8
w 8 0

0
Ol

0
ObE 0

~
0

:J

i
'- 1.00Q)
(/) 0

1
qp
<0
0>

111111!!11l1!!

AD Asthma Controls
(n::::65) (n=70) (n=70)

0.10

Figure 3 IgE antibodies to altemaria in patients with atopic dermatitis, asthma and
controls. Odds ratio for AD among patients with IgE antibody ~ 4.9 compared to controls
(el 2.8-8.6). (From Ref. 7.)

Exposure to allergens starts before birth since it is quite clear that food allergens
can be absorbed and can be transferred across the placenta. After birth, food
antigen exposure occurs through eating or through breast milk. Given the quanti
ties inhaled per day, i.e., ~5-50 ng of the mite allergen Der p 1, it seems very
unlikely that the fetus is exposed to sufficient mite allergen to produce an immune

IV. THE DEVELOPMENT OF ATOPIC DERMATITIS
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response to the antigen before birth. The T-cell proliferative responses that have
been reported in cord blood have not convincingly been shown to relate to expo
sure or to a subsequent allergic response (46). Exposure to dust mite and other
indoor allergens is generally low in the first few months. Furthermore, very few
children develop IgG antibodies to mite allergens before 2 years of age. Obvi
ously, the great majority of children do not go on to develop allergic disease,
and only a small minority, i.e., < 1%, have persistent trouble with atopic derma
titis. For food antigens it is clear that the infant, and subsequently the child, is
exposed to sufficient allergen to produce an immune response. Thus, the nonaller
gic state to foods must indeed be some form of tolerance. By contrast, for inhalant
allergens, including dust mites, exposure is low or very low. In addition, studies
to find a correlation between dust mite exposure and eczema have been unsuc
cessful. Henderson et al. were unable to find a relationship between Der pI expo
sure (as measured in mattress dust) and either eczema severity or immediate
hypersensitivity to Der pI (47). Gutgesell et al. (48) went one step further to say
that an antigen load greater than 25 ~g/g of dust was usually associated with a
negative patch test. They suggested that high antigen exposure may cause induc
tion of anergy. Specific T cells are present in allergic children, but in vitro prolif
erative responses do not distinguish between groups of children with different
types of allergic disease (49). At present it is not clear whether severe atopic
dermatitis develops because of excessive environmental exposure, failure to de
velop tolerance, infection of the skin, or some other event that leads to an exagger
ated immune response and the associated excessive inflammatory response in the
skin.

V. SUMMARY AND CONCLUSIONS

A. Mechanisms
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If we consider dust mite allergens as the primary example of an "inhaled" for
eign antigen related to AD, there are many questions about how these proteins
contribute to the disease. Our data about the quantity of IgE antibody to mite
allergens (Fig. 1) raise the possibility that these antigens playa significant role
in the increase in total serum IgE. Given the remarkable contrast in the levels
of total IgE found in AD compared to other allergic disease, it seems likely that
inununopathological events occurring in the skin or its draining lymph nodes are
central to the development of the serum IgE. In turn, this could be explained if
chronic topical exposure of the inflamed skin to a foreign antigen was the stimulus
for IgE production. Whether bacteria in the skin or the enzymatic activity of mite
allergens is necessary as adjuvant in this process is not clear. However, priming
of CLA+ T cells in the skin may be central to the continuation of the inflamma-
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tion. In addition, inflammatory events in the skin will lead to upregulation of
receptors on the endothelial lining of the small blood vessels in the skin. These
changes in the blood vessels must be important in the localization of T cells or
circulating allergens. Some of the evidence also suggests that allergen inhaled
and absorbed through the respiratory tract can exacerbate the disease and may
be particularly important in pruritus. Thus it seems likely that the allergens of
dust mite play two distinct roles: (l) contributing to the inflammation, priming
of T cells, and production of IgE by direct contact with the skin; and (2) as a
trigger for acute exacerbations and itching either from inhalation or direct con
tact.

B. Relevance to Treatment

Many different specific and nonspecific treatments have been proposed for AD.
The primary specific treatment is aJlergen avoidance, which is very effective in
some cases and should be considered as an essential part of treatment in all severe
cases. There are some very interesting treatments being developed, including
humanized monoclonal antibodies to TgR and 11 .-5. Tn addition, there are at least
two approaches to blocking the actions of IL-4: (l) soluble IL-4 receptor that
has been used successfully as an inhaled drug in the treatment of moderately
severe asthma and (2) the inactive mutants of IL-4, which can block both IL-4
and lL-13. These treatments focus on IgE, eosinophils, or T cells, i.e., different
parts of the immune response. However, these proposed treatments are not anti
gen specific. Traditionally, it has been considered that immunotherapy was con
traindicated in AD. Indeed, immunotherapy can cause severe exacerbations of
the skin disease. However,logically changing or modifying the immune response
to allergens should be the correct approach to treatment. The question is whether
this would best be achieved safely by using peptides (50,51), modified recombi
nant proteins (52), antigens combined with the epG motif of bacterial DNA (53),
or a different route of exposure, e.g., oral.

C. Evidence for a Causal Role of Inhalant Allergens
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In 1949, Louis Tuft concluded that sensitization to foods was the major factor
in AD in young children but that by age 7 years most patients were sensitive to
inhalants (5). Since the discovery of IgE many of his observations have been
confirmed and explained, in particular, the high prevalence of IgE antibodies to
inhalants and clinical efficacy of reducing exposure to house dust (8,43). The case
that inhalants contribute to AD is best considered in relation to several different
observations (Table 2):
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Table 2 Evidence Favoring a Causal Relationship Between Atopic Dermatitis and
Dust Mite Allergy

I. Prevalence of sensitization and the quantity of IgE Ab to D. pteronyssinus is higher
in AD than in any other condition (odds ratio> 20).

2. Patch tests with purified mite allergens can induce the histological and cellular
infiltrate typical of the disease.

3. Experimental studies:
In anecdotal cases, hospital studies, and controlled trials of avoidance, reduced
exposure can decrease disease.
Nasal challenge leads to an exacerbation of AD.

1. Patients with AD have very high titer IgE antibodies to dust mites and
other inhalants. In keeping with this they have specific T cells of the
Th2 type and specific IgG4 antibodies.

2. Application of dust mite allergens to the skin (the atopy patch test) can
produce a macroscopic, eczematous response and a marked infiltrate
including eosinophils, basophils, and T cells. In uncontrolled experi
ments, inhaling allergens can also exacerbate the skin rash.

3. Reducing exposure to dust mite allergens produces improvement in
the rash. This has been demonstrated both with hospital admission and
in controlled trials of avoidance measures in the patients' houses.
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Atopic dermatitis, like all allergic diseases, ranges from mild (or very mild)
to severe and sometimes debilitating. In mild cases a change in the environment
or modest doses of topical steroids may provide adequate treatment. Among cases
with moderate disease careful avoidance of dust mite allergens has been proven
to be effective treatment (34), and it is safe to assume that avoidance measures
can help with other inhalants. However, as cases become more severe, they also
become more complex with multiple factors contributing to the disease. It is well
recognized that skin infection with Staphylococcus aureus can exacerbate the
skin rash. However, it is less well recognized that colonization of the skin with
so-called nonpathogenic bacteria or a wide range of fungi can contribute. Thus
managing the most severe cases may require attention to dietary factors, control
of environmental exposure, antibiotics, and even antifungal treatment (32). Estab
lishing the specific sensitization of patients with AD to inhalants using skin test
ing or in vitro assays is essential in order to define appropriate avoidance mea
sures and should be a routine part of treatment.
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Atopic dermatitis (AD) is a chronically relapsing skin disorder that is associated
with severe pruritis and a "classic" distribution. There are international standards
for diagnosis based upon the criteria recommended by Hanifin and Rajka (I) and
a standardized method for gauging severity based on the SCORAD Index (2)
adapted by the European Task Force on Atopic Dermatitis. Symptoms present
in the first year of life in about 50% of patients, and in 80% by 5 years. Depending
upon a patient's age, the distribution of lesions will vary. The cheeks and extensor
surfaces of the arms and legs are typically affected in infants, the flexor surfaces
of the arms and legs in the young child, and the flexor surfaces, hands, and feet
in the teenage patient and young adult (3). Lesions are erythematous, papulovesi
cular eruptions, which are sometimes associated with weeping and crusting in
early life, and progress to a scaly lichenified eruption with age (4). Most patients
have a significant elevation in total serum IgE as well as environmental- and
food-specific IgE antibody concentrations (5). A large number of cell types are
involved in the pathogenesis of AD, including B cells, T cells, monocytes, macro
phages, dendritic cells, eosinophils, platelets, and Langerhans cells (6-8). Early
(9) studies showed that the intense pruritus and resultant scratching that develops
in patients following exposure to irritants and relevant allergens is an important
cause of the physical signs and typical distribution of this disorder.

The importance of 19E-mediated mechanisms in atopic dermatitis has been
debated since the first comprehensive description of this disorder made by Bes
nier in 1892 (10). He observed the hereditary nature, chronically relapsing course,
and association of eczematous rash with asthma and hay fever. Since that time,
certain observations have supported the idea that IgE-mediated mechanisms play
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a significant role in AD: other atopic disorders such as at lergic rhinitis and asthma
develop in 50-80% of children with AD 01,12); a positive family history 0

atopy is present in 65-85% of patients with AD (3), serum IgE levels are ele
vated in 80-90% of AD children (14), and positive immediate skin tests and
RASTS to various dietary and environmental allergens are present in approxi
mately 80% of children with AD 05,16). Identification and strict avoidance 0

relevant allergens has been of significant therapeutic benefit.
Food hypersensitivity has been shown to cause worsening of skin symp

toms in 33-40% of children with moderate to severe disease (17,18). In 1988,
Burks et al. studied 46 patients with mild to severe atopic dermatitis who were
evaluated in a pediatric allergy or dermatology clinic (7). Thirty-three percent
of patients had positive double-blind, placebo-controlled food challenges
(DBPCFC) to at least one food, with the onset of symptoms occurring within 2
hours in all patients. Skin symptoms were present in 96% of positive challenges
and were the sole symptom in 30%. In 1998, Eigenmann et al. (8) found a
similar prevalence of 35-40% among children with moderate to severe atopic
dermatitis referred to a pediatric dermatologist. Most recently, Eigenmann et a1.
(19) reported that out of 74 Swiss children referred to a pediatric allergist or
dermatologist for atopic dennatitis, 34% had food hypersensitivity.

Over the past two decades, a large number of studies have been conducted
that would fulfill Koch's postulates and therefore support a causal role for food
hypersensitivity in children with atopic dermatitis. In other words, studies have
shown that elimination of the causal factor leads to clearing of the disorder, intro
duction of the causal factor brings on the disorder, and avoidance of the causal
factor prevents the development of the disorder. Children with AD and food
hypersensitivity who follow diets strictly eliminating suspected food allergens
have shown significant improvement in their skin symptoms (20-22). Con
versely, children with AD and food allergy who have been eliminating certain
food allergens have been shown to develop worsening of their chronic dermatitis
when given the food in blinded oral food challenges (23,24). Because many of
the studies in this area have been performed by physicians in the field of allergy
and immunology, it has been somewhat difficult to convince physicians in other
specialties of the importance of the immunopathogenic association between food
hypersensitivity and atopic dermatitis. However, in recent years the increasing
number of clinical and laboratory studies supporting this association has led to
more widespread acceptance (25,26). In addition, we recently developed a murine
model of a food-induced atopic dermatitis-like syndrome (27). In this chapter
we will review the abundance of laboratory and clinical investigations that have
provided convincing evidence that food allergy plays a significant causative role
in a subgroup of children with atopic dermatitis. The studies done in adults are
very limited and less conclusive, but these data will be discussed as well.
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I. EVIDENCE FOR IGE-MEDIATED CUTANEOUS
RESPONSE IN ATOPIC DERMATITIS
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Through the examination of skin biopsy specimens, the typical histological fea
tures of both acute and chronic AD have been described. The clinical and histo
logical phenotype of AD depends on the acuity of the skin lesions (28-31). How
ever, even clinically normal-appearing skin of AD patients is histologically
abnormal with mild hyperkeratosis and a slight perivascular cellular infiltrate
consisting primarily of T cells. Acute AD lesions are marked by spongiosis of
the epidermis and a marked perivenular infiltrate consisting predominantly of
lymphocytes with occasional monocytes in the dermis. Lymphocytes are primar
ily CD4+, CD45RO+, CLA + lymphocytes, suggesting that cells have had a
previous encounter with an inciting antigen. Mast cell numbers are normal or
slightly increased and rare eosinophils may be seen, although immunohistochemi
cal staining with anti-MBP antibodies has revealed diffuse deposition of eosino
phil major basic protein (MBP), an activated eosinophil product (32). In chronic
lesions, the epidermis is hyperplastic with elongation of the rete pegs and hyper
keratosis, increased numbers of IgE-bearing Langerhans cells (professional anti
gen-presenting cells) in the epidermis and dermis, increased numbers of mast
cells, especially of the T type (33), and increased numbers of eosinophils. Eosino
phil major basic protein, eosinophil cationic protein, and eosinophil-derived neu
rotoxin are elevated in the sera of AD patients and correlate with disease severity
(34).

In situ hybridization studies suggest that the acute lesion of AD is the result
of a Th2-induced (allergic) inflammatory response, whereas the chronic lesion
is the result of a Th 1/ThO ("mixed") response. Although various disease states
may have a combination of cytokine profiles, IL-4, IL-5, and IL-13 classically
are considered Th2 cytokines, whereas IL-2, IL-12, and IFN-yare Thl cytokines.
Compared to the skin of healthy controls, normal-appearing skin of AD patients
has increased numbers of cells expressing IL-4 and IL-13 mRNA, but not IL-5,
IL-12, or IFN-y (27,28). In acute AD lesions, there are increased numbers of
cells expressing mRNA for IL-4, IL-5, and IL-13 compared to healthy-appearing
skin, but not IL-12 or IFN-y. Eosinophils as well as MBP (35) have been isolated
from biopsy specimens of acute AD lesions, and the cytokine mileu as described
above is likely to playa role in their recruitment to this area. This is in contrast
to classic Type IV cellular responses, such as PPD (purified protein derivative)
or rhus dermatitis (poison ivy), where cells express primarily mRNA for IFN-y
and IL-2, but not IL-4 and IL-5 (36). Chronic AD skin lesions have fewer IL-4
and IL-13 mRNA-expressing cells but increased numbers of IL-5-, IL-12-, GM
CSF-, and IFN-y-expressing cells than in the acute skin lesions. It is felt that
the expression of IL-12 by eosinophils or macrophages plays a key role in the
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switch to Th 1 cells, which are prominent in chronic AD (28). Many of the histo
logical features of chronic AD described are consistent with the terminal stages
of allergen-induced IgE-mediated hypersensitivity reactions (37). The elevated
numbers of IgE-bearing mast cells and Langerhans cells (38,39) within these
lesions further suggest atopic mechanisms.

A recent study utilizing a murine model of AD induced by cutaneous sensi
tization with ovalbumin examined the consequences of IL-4, IL-5, or IFN-y
knockout (40). These investigators showed that IL-5 knockout mice had no de
tectable eosinophils in the skin and exhibited decreased epidermal and dermal
thickening, IL-4 knockouts displayed normal thickening of the skin but had dras
tically reduced numbers of eosinophils, and IFN-y knockouts had reduced dermal
thickening. The systemic Th2-skewing in patients with AD is supported by the
propensity of patients' PBMCs to produce increased levels of IL-4, IL-5, and
IL-13 and decreased levels of IFN-y in response to various allergens and mitogens
in vitro (41-43).

II. MURINE MODEL OF ATOPIC DERMATITIS INDUCED BY
ORAL SENSITIZATION
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Recently several investigators have reported murine models that may prove useful
in the elucidation of underlying immunopathogenic mechanisms of atopic derma
titis (44,45). Recently we have been evaluating the development of an eczematous
rash that occurs in a subset of mice orally sensitized to food proteins (27). Oral
sensitization with milk protein and cholera toxin led to IgE-mediated anaphylaxis
(46). Interestingly, a number of the mice developed a dry, apparently pruritic
rash resulting in scratching and hair loss. A review of potential causes revealed
that the new mouse chow was contaminated with low levels of milk protein.
Subsequent attempts to reproduce the dermatitis resulted in approximately one
third of mice similarly sensitized with milk or peanut proteins developing a dry,
erythematous, scaly, pruritic rash involving 15-100% of their body surface
within 9-14 weeks of initiating the sensitization protocol (27). As with human
AD, treatment of the skin lesions with topical corticosteroids led to decreased
pruritus and erythema, with return of hair growth. In addition, episodic dermatitis
was noted in untreated mice, with recurrences and remissions occurring over an
8-month observation period. Histological examination of the skin lesions in the
sensitized mice revealed findings similar to those reported in humans with atopic
dermatitis (29,30). We believe that this is the first murine model of an AD-like
disorder induced by oral sensitization with a food protein.
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III. FOOD HYPERSENSITIVITY AND ATOPIC DERMATITIS

A. Clinical Studies in Children
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Many studies done in the early part of the twentieth century clearly showed that
ingested food allergens were readily accessible to cutaneous mast cells and the
"skin-associated lymphoid tissue." After studying the absorption of food anti
gens from various locations in the gastrointestinal tract and other sites, Walzer
and colleagues concluded that' 'the absorption of unaltered protein into the circu
lation is a normal, physiologic process occurring in nonatopic as well as atopic
individuals at all ages with many allergens" (47). Some of the same investigators
(48,49) also demonstrated unequivocally that these ingested food antigens readily
penetrate the gastrointestinal barrier and are transported in the circulation to mast
cells in the skin. To demonstrate this process, 65 normal adults were passively
sensitized by intracutaneous injection of serum (i.e., P-K test) from a patient with
severe fish aJlergy and a normal control (48). The following day the volunteers
were fed fish, and 61 of 65 subjects developed a wheal-and-f1are reaction within
90 minutes at the sensitized site but not at the control site. Similar results were
found in a series of experiments conducted in 66 normal children with serum
from an egg-allergic subject (49). In addition, intravenous injection of the protein
nitrogen equivalent of 1/44,000 of one peanut kernel was sufficient to induce
wheal and flare at a passively sensitized skin site.

Other early studies showed that food allergens could produce intense pruri
tus and subsequent scratching and rubbing that lead to typical eczematous lesions
in the sensitized host. In 1936, Engman et al. (9) performed a provocation study
in a child with atopic dermatitis and wheat allergy. Within 2 hours of being
challenged with two wheat crackers, the child complained of itching and began
scratching. The following morning he had typical eczematous lesions, except
under the areas where bandages had been placed on his left arm and leg in order
to prevent scratching. Patients with similar findings have been described in sev
eral other case reports.

A number of large studies included children who either underwent un
blinded food challenges or were placed on food-exclusion diets. Although most
of these studies failed to control for other "trigger" (or inciting) factors of AD,
placebo effect or observer bias, many of them supported a role for food intoler
ance in the exacerbation of atopic dermatitis (50-52). In the late 1970s Hammar
reported the induction of eczematous skin lesions in 15 of 81 hospitalized children
less than 5 years of age after 2-3 days of ingesting 100 mL of milk daily (51).
These challenges were done openly. When challenges were repeated 18 months
later, symptoms recurred in about 25% of patients (4 of 15) reflecting the high
rate of "outgrowing" milk allergy in this age group. Juto et al. (52) reported
that out of 20 infants with eczema who followed a highly restricted elimination
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diet, 7 had complete resolution and 12 had at least some improvement. Unblinded
challenges to cow's milk reportedly resulted in increased pruritus and rash in 12
of 20 infants. Atherton et al. (53) reported that two thirds of children with atopic
dermatitis between 2 and 8 years of age showed marked improvement of skin
during a double-blind crossover trial of egg and milk exclusion that was con
ducted over a 12-week period in the patients' homes. The results of this study
could only be taken in the context of several confounders (high dropout/exclusion
rate, failure to control for other trigger factors for AD).

Neild et al. (54) demonstrated improvement in an older group of patients
during a milk and egg exclusion phase, but overall no statistically significant
difference was seen in 40 patients completing a crossover trial. Businco et al.
(55) found that dietary exclusion of milk and/or egg from the diets of 59 children
with severe AD resulted in clinical improvement in 80% of cases. Younger chil
dren were more likely to have a good response to the diet. Other factors, such
as the severity of eczema, family history of atopy, and total and/or specific IgE
levels, were not predictive of clinical response. Hill and Lynch (56) treated 8
children with severe atopic dermatitis with Vivonex followed by the addition of
two vegetables and two fruits for 3 months. All patients experienced marked
improvement in their eczematous rash while maintaining the diet, but relapsed
within weeks of discontinuing it.

In a more recent prospective, randomized controlled dietary trial, Lever et
al. (57) initiated a trial of egg exclusion in children with suspected egg hypersen
sitivity (based upon clinical history and or RAST test results) who presented to
a pediatric dermatology clinic for evaluation of atopic dermatitis. After undergo
ing a "washout" period of optimized skin care, 55 children were randomized to
one of two groups: a dietary group, which was instructed on the maintenance of
strict egg exclusion from the diet and general skin care, or a control group, where
only general skin care recommendations were made. The group that received
dietary advice had a significantly greater mean reduction in body surface area
affected by eczematous rash (19.6 to 10.9%) in comparison to the control group
(21.9 to 18.9%) and also had a significant improvement in severity score (33.9
to 24 SCORAD units) compared with only a slight decrease in the control group
(36.7 to 33.5 units). At the end of the dietary phase, egg hypersensitivity was
confirmed by positive DBPCFC in 42 of 49 patients who completed the study
(22/26 patients who underwent food challenges in the egg exclusion group and
20/23 patients who undelwent food challenges in the control group).

In 1978, May and Bock performed double-blind, placebo-controlled oral
food challenges on 68 children whose parents and/or physicians suspected an
adverse food reaction (24). The population studied included ambulatory patients,
as well as patients who were hospitalized for poorly controlled asthma. Of the
29 patients who had positive challenges, 10 developed a pruritic, erythematous
rash within 2 hours of the challenge. For 5 of these patients, this was the only
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manifestation of their clinical reactivity. Using similar challenge protocols, Burks
et a1. (17) performed similar studies as previously described.

In the past 20 years, many of our studies have addressed the etiological
role of IgE-mediated food hypersensitivity in atopic dermatitis 05,58-60), and
we have several ongoing studies as well. The current approach to diagnosing
food hypersensitivity in a child with atopic dermatitis has been developed through
these protocols. Using predominantly double-blind placebo-controlled food chal
lenges (at times single blind and open challenges have been performed as well),
578 patients with atopic dermatitis have been evaluated for food hypersensitivity.
Subjects ranged in age from 3 months to 25 years, with a median age of 3.4
years. For a subset of these patients (470), more detailed analysis revealed that
family history was positive for atopic disease in 91 %. One hundred and fifty
seven patients (~40%) had allergic rhinitis and asthma at the time of initial evalu
ation, and only 94 (20%) had neither allergic rhinitis nor asthma. In 376 (~80%)

of patients, serum total IgE concentration was elevated with a median of 3410
IU/mL and a range of 1.5-45,000 IU/mL.

Any patient with chronic moderate to severe eczema fulfilling the criteria
of Hanifin and Rajka (1) for the diagnosis of atopic dermatitis was eligible for the
study, regardless of whether clinical history or previous allergy tests suggested a
diagnosis of food hypersensitivity. All patients were admitted to the Clinical Re
search Center to provide a stable, low-allergen environment. Foods administered
during DBPCFC were selected on the basis of skin test (and RAST) results or
a strongly suggestive history offood hypersensitivity. Foods selected for the chal
lenge protocol were excluded from the patient's diet for 7-10 days prior to admis
sion. In addition, the following medications were withheld: oral corticosteroids
for at least one month prior to admission, antihistamines for at least 7-10 days,
and inhaled and oral ~-adrenergic drugs for 8 hours prior to the challenge. Sub
jects were allowed to continue on inhaled cromolyn sodium and oral theophyl
line.

To determine which foods each individual patient would ingest during his
or her food challenge, prick skin testing with a battery of 20 food antigens was
performed. In order to achieve control of erythema and pruritus prior to the chal
lenges, patients were treated with an aggressive skin care regimen for 3 days
preceding challenges, which included two to three soaking baths (or wet wraps)
per day, followed by the application of a lubricating cream to the entire body
and topical corticosteroid (l % hydrocOitisone cream for the face and 0.025% or
0.1 % triamcinolone ointment for the trunk and extremities) to active eczematous
areas. Antistaphylococcal antibiotics were generally administered if infection was
suspected. Chloral hydrate was used for sedation. Once a stable baseline was
established, a venous line was placed prior to initiating challenges to provide an
"open line" in case of a major anaphylactic reaction and to provide access for
atraumatic serial blood sampling.

MARCEL DEKKER, INC.~
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Over 20 years, a total of 2907 diagnostic food challenges were conducted
in 578 children. In instances where clinical history indicated a convincing account
of a major anaphylactic reaction, (mostly to peanuts and nuts) challenges were
not performed. Of the 2907 challenges performed, 1348 had positive results and
1559 were interpreted as negative. Intense pruritus and scratching frequently re
sulted in superficial excoriations and occasionally bleeding. Gastrointestinal and/
or respiratory symptoms were present in close to 50% of the reactors in a subset
of these patients.

Virtually all symptoms developing during the blinded food challenges oc
curred between 5 minutes and 2 hours of initiating the food challenge. Symptoms
associated with the immediate response were generally abrupt in onset, beginning
with marked pruritus, followed by the development of an erythematous, macular
eruption that lasted 1-2 hours. Several patients experienced a recurrence of symp
toms that consisted of increased cutaneous pruritus and a transient morbilliform
eruption 6-10 hours after the initial positive challenge. Symptoms associated
with the later response were less pronounced than the immediate symptoms and
tended to last for several hours. Less than I% of the placebo challenges were
interpreted as positive, i.e., false positive. To confirm negative food challenges,
all patients were fed the food openly in a meal form under observation prior to'
discharge. Less than 3% of food challenges concluded to be negative were founJ
to be false-negative studies.

Although many reports have suggested that children with atopic dermatitis
are sensitive to a large number of foods, analysis of data from a subset of thes~

patients revealed that most patients (80%) developed symptoms to only one to!
three foods by DBPCFC. Most children in this subset of patients had positive
prick skin tests to several foods (mean: 3.5; range: 0-10), although only about
one third of positive skin tests correlated with positive food challenges. Five
foods (egg, peanut, milk, wheat, and soy) accounted for approximately 60% of
the positive clinical responses. In a previous analysis of a subset of these patients,
these foods accounted for 80% of positive food challenges in this patient popula
tion. This decrease is due to the fact that fewer patients have been challenged to
these foods in the past several years, since use of the 95% predictive "decision
points" for major food allergens have eliminated the need for food challenges
in patients whose food-specific IgE levels exceed these values (i.e., -40-50%
of patients) (61). A summary of the challenge data from these patients is depicted
in Tables 1 and 2.

In a second study we compared patterns offood hypersensitivity in children
with atopic dermatitis in two different decades (unpublished data). We found that
the major food allergens (milk, egg, wheat, soy peanut, tree nut, and seafood)
accounted for 87% of positive food challenges in the one year between 1988 and
1989 and 91 % of positive food challenges in the period between 1998 and 1999.
In an earlier study by Burks (17), all positive challenges were accounted for by
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Table 1 21 Years of Oral Food Challenges in 578 Patients
with Atopic Dermatitis

Challenges Positive Negative Total

All foods 1348 1559 2907
Major food allergens 777 766 1543

Egg 351 160 511
Milk 202 185 387
Peanut 40 56 96
Wheat 79 164 243
Soy 105 201 306

383

seven foods-peanut, egg, milk, wheat, fish, soy, and chicken. Eigenmann et al.

(18) recently found that egg, milk, and peanuts were most frequently responsible

for positive food challenges in 74 Swiss children with atopic dermatitis.

B. Laboratory Investigations in Children

Since many atopic dermatitis patients develop pruritic, morbilliform rashes in

stead of classic urticarial lesions, the senior author and colleagues have sought

markers of mast cell activation in patients undergoing DBPCFC in order to dem

onstrate that the ingestion of food antigens led to 19E-mediated reactions (62).

Table 2 Hypersensitivity Rates to Major Food Allergens in Children with Atopic
Dermatitis'

, All data obtained from 578 children with atopic dermatitis who had at least one oral food challenge
between 1979 and 2000.

b IgE data analyzed for milk, egg, and peanut in children NOT challenged to any of these three foods
(due to IgE level above 95% predictive value) but challenged to at least one other food between
1998 and 2000.

Food

Milk
Egg
Peanut
Wheat
Soy

Percent positive food challenges
(positive challenges

total challenges per food)

52 (202/387)
69 (351/511)
42 (40/96)
33 (79/243)
34 (105/306)

Percent of patients with
IgE ~ 95% predictive rangeb

(# pts with positive values/
# patients tested)

60 (52/87)
66 (57/87)
82 (71/87)

MARCEL DEKKER, INC.~
270 Madison Avenue. New York. New York 10016 IU?
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Positive challenges Negative challenges Control (Negative

challenge to placebo
food allergens)

Figure 1 Mean plasma histamine levels in atopic dermatitis patients. Mean histamine
levels in patients with positive food challenges were significantly higher after DBPCFC
compared to levels prior to challenges. Patients with negative challenges had no significant
change in levels before and after challenge. (Data adapted from Ref. 62.)

Thirty-three patients undergoing DBPCFC were monitored for changes in circu
lating plasma histamine. Histamine concentration was measured prior to initiating
the challenge and following the ingestion of the test antigen. Following the
blinded challenge, patients experiencing clinical symptoms developed a rise in
their plasma histamine (mean: 296 :::'::: 80 pg/mL to 1055 :::'::: 356 pg/mL; p <
0.001). Subjects ingesting placebo or a food that did not provoke clinical symp
toms (i.e., had a negative DBPCFC) had no demonstrable rise in their plasma
histamine concentration. Figure I illustrates these results. In order to determine
whether this phenomenon could be accounted for by circulating basophils, blood
samples were obtained prior to, immediately following, and 30 minutes after the
challenge. No difference was observed in circulating basophil number or total
histamine content of the circulating basophils at any time point.
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Children with AD and newly diagnosed food hypersensitivity have been
found to have high "spontaneous" basophil histamine release (SBHR) from pe
ripheral blood basophils in vitro compared to patients with atopic dermatitis and
no food allergy or normal control subjects (mean: 35.1 % ± 3.9% vs. 2.3% ±
0.2%; p < 0.001) (63). When food-allergic patients were placed on appropriate
elimination diets for at least one year, they experienced good clearing of their
atopic dermatitis and normalization of SBHR. Unstimulated peripheral blood mo
nonuclear cells from food-allergic subjects with high SBHR were found to pro
duce a histamine-releasing factor (HRF) in vitro that could activate basophils
from other food-sensitive individuals, but not basophils from non-food-sensitive
subjects. The specificity of the HRF was found to lie with food-allergic patient
IgE molecules, possibly specific isoforms ofIgE. Food-allergic patient's IgE anti
bodies placed on "stripped" basophils from food-nonallergic individuals could
be activated by HRF, whereas food-allergic patient "stripped" basophils coated
with food-nonallergic patient IgE were unresponsive to HRF. It was postulated
that ingestion of food allergens leads to the production of HRF in vivo, which
can then activate, or lower the threshold of activation, of basophils and possibly
mast cells. The loss of spontaneously generated HRF appeared to correlate with
the loss of cutaneous hyperreactivity and inversely with improvement in the pa
tient's skin.

T cells from children with milk-induced eczema have been found to express
homing receptors, cutaneous lymphocyte antigens (CLA), which are thought to
be responsible for the skin-seeking behavior of these T cells (64). Blood samples
from three patient populations were studied: a group of children with atopic der
matitis and milk-induced eczema (milk hypersensitivity defined by the presence
of milk-specific IgE as well as a positive DBPCFC to milk), patients with milk
induced allergic eosinophilic gastroenteritis (AEG) or enterocolitis syndrome,
and a group of normal adult subjects. More recently a group of patients with milk
induced wheezing was also studied. When exposed to the milk protein casein in
vitro, PBMCs from all four study groups proliferated equally well. After 6 days
of incubation with casein, children with AD and milk-induced eczema had a
significantly greater numbers of CLA+ T cells in culture than the other three
groups (see Fig. 2). There was no significant difference in CLA expression on
T cells in the different patient populations after incubation with Candida albicans.
Previous investigations (65,66) have demonstrated that the vascular counter re
ceptor for CLA (E-selectin) has increased expression on cutaneous venules in
patients with chronic AD and provides a mechanism for the selective homing of
CLA+ T cells to the skin. Similar studies evaluating the expression of the lymph
node homing receptor, L-selectin, in these patient populations found no signifi
cant differences in the four patient populations, thereby supporting the theory
that the chronic skin symptoms in patients with AD and food hypersensitivity



386

40

en

Q)

U
~

+
~
.....J
U....

15;::
Q)

u
:.. 10Q)

~

5

Ellman-Grunther and Sampson

o Day 0
.Dav6

Ec-.tenn AE.G Nornnl

Figure 2 Casein stimulation of CLA expression on T cells. T cells from milk-allergic
patients with atopic dermatitis had a significant increase in expression of cutaneous lym
phocyte antigen (CLA), as kin homing receptor, after 6 days of incubation with casein.
T cells from patients with milk-induced gastrointestinal disease (AEG) and normal con
trols did not have similar expression. (Data adapted from Ref. 64.)

may be a result of an organ-specific immunological response. In a similar study,
PBMCs from AD patients with and without dust mite allergy were separated into
CLA+ and CLA - cells and then stimulated with dust mite antigen in vitro.
Activated CLA+ cells were found to be Th2 +, whereas activated CLA - were
found to be Thl+ (67).

Table 3 summarizes the findings from many of the studies discussed thus
far.

C. Diagnosis and Management in Children

1. Diagnosis
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Food hypersensitivity should be considered in any child with moderate to severe
atopic dermatitis whose symptoms persist despite standard therapy, or who re
quires high-potency topical steroids in order to be controlled. The more severe
the atopic dermatitis, the more likely that food allergy is involved in the pathogen
esis (25). In addition, a personal and/or family history of atopy should raise the
suspicion that food allergy is contributing to the patient's overall skin symptoms.
Although many patients report a history of specific foods exacerbating their skin
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Table 3 Studies Supporting the Role of Food Hypersensitivity in Children with
Atopic Dermatitis

387

Clinical studies
1. Dietary elimination of food allergens results in resolution of eczema

a. Children on restricted diets
b. Breastfeeding mothers on restricted diets

2. Food challenges result in worsening of eczema
3. Delayed introduction of food allergens in infants delays development of eczema
Laboratory studies
1. Elevated plasma histamine levels in AD patients following positive food challenges
2. Elevated spontaneous histamine release in patients with atopic dermatitis ingesting

food allergens
3. Casein stimulated elevated expression of cutaneous lymphocyte antigen on T cells

from AD patients with milk allergy
4. Elevated total and food-specific IgE levels in AD patients
5. Elevated levels of activated eosinophils and eosinophil products in AD patients with

positive food challenges
6. Murine model of food-induced atopic dermatitis

symptoms, less than 40% of foods implicated by the patient can be shown to
provoke skin symptoms by blinded food challenge. Regular ingestion of food
allergens leads to "downregulation" of immediate responses, thereby making it
difficult to determine by history alone if a particular food antigen is causing wors
ening of eczema. Therefore, the standard approach in diagnosing food allergy in
these patients begins with obtaining a detailed dietary history in order to determine
which of the most common food antigens are in the child's diet. After that has
been done, prick skin and/or in vitro (RAST) testing is performed in order to
detect any food-specific IgE antibody that may be present. If prick skin tests are
positive, the quantitative level of IgE present to each individual food antigen
should be tested. For some of the most common food antigens, 90 and 95% posi
tive predictive values have been determined, as listed in Table 4 (61). Any patient
with a food-specific IgE level greater than these values (decision points) to a
specific food should be considered clinically reactive and is instructed to follow
a diet that strictly eliminates that food antigen. If the food-specific IgE level is
below the known predictive value and there is no recent history of a severe, life
threatening reaction, DBPCFC are perfonned in order to confirm or rule out clini
cal reactivity to the food. This is done with any food antigen that is suspected to
be contributing to eczema symptoms, and therefore one child may need to undergo
a number of challenges. See Table 5 for a review of this diagnostic approach.

When food challenges are performed, symptoms that develop are usually
abrupt in onset and generally resolve within 1-2 hours. Children with mild AD

MARCEL DEKKER, INC.~
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Table 4 Positive Predictive Values for Common Food
Antigens

Food

Egg
Milk
Peanut
Fish
Wheat

Soy

>95%

6
32
15
20

Best PPV = 75%
at 100 kUlL

Best PPV = 50%
at 65 kUlL

>90%

2
23

9
9.5

IgE values determined by the Pharmacia CAP-RAST system FEIA.
Source: Adapted from Ref. 61.

symptoms at the time of challenge may develop urticarial lesions as their cutane

ous manifestation at the time of challenge, whereas those with more extensive,
poorly controlled disease usually develop a markedly pruritic, erythematous mor

billiform eruption. For children who are admitted to our clinical research center

for multiple food challenges on consecutive days, their skin condition at the time

of discharge often has deteriorated compared to baseline if more than one of their

challenges are positive.

There has been increasing interest in the use of the atopy patch test (APT)
to detect the late-onset skin symptoms following the ingestion of food allergens

(68-70). Kekki et al. found that 54 of 113 children with AD and suspected milk

Table 5 Diagnosing Food Hypersensitivity in Children with Atopic Dermatitis

History-factors that increase suspicion for food hypersensitivity
Moderate to severe disease
Requirement for medium- to high-potency topical corticosteroids for symptom

control
Atopic history
Knuwn histury uf fUUlI hypersensitivity
Detailed dietary history which identifies common food allergens in diet

Diagnostic tools
Skin prick tests-highly sensitive
RAST testing-quantitative values may identify 95% predictive values for certain

food antigens
Double-blind, placebo-controlled food challenges

MARCEL DEKKER, INC.~
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allergy had positive milk challenges (68). Reactions were reportedly immediate
in 36 of 54 and delayed in 18 of 54 children. The immediate reactions were
associated with positive prick skin tests and the delayed reactions with positive
APTs. In 26% of the cases, only the atopy patch test was positive. More recently,
Niggemann et al. reported that prick skin tests were a highly sensitive, but moder
ately specific indicator of immediate food reactions while the APT was a moder
ately sensitive but highly specific indicator of late reactions (70). Studies examin
ing the immunohistology of skin lesions induced by atopy patch tests have been
confined to IgE-associated allergens. The immunohistology of APT-generated
lesions is very similar to AD lesions, but the cellular composition of non-IgE
mediated patch test-induced lesions has not been studied and remains to be eluci
dated.
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2. Management

a. Allergen Avoidance Diets. When positive food challenges confirm the
diagnosis of food hypersensitivity, allergen-avoidance diets are recommended.
The importance of educating patients' farilllies about hidden sources of food anti
gens is critical. It is imperative that the patient and/or family members realize
that food labels may use a variety of terms to connote the presence of a specific
food antigen. Once the proper food-elirillnation diet is instituted, patients typi
cally experience significant improvement in their symptoms compared to patients
without food allergy or those who fail to comply with the allergen-elirillnation
diet (71). If no significant clinical improvement is seen with the restricted diet
within 2-3 weeks (in addition to the child following the hydrating skin care
regimen discussed earlier), food challenges with less common food allergens may
be indicated in order to deterrillne if other foods still in the patient's diet may
be provoking the persistent symptoms.

b. Immunological Changes Associated with Allergen-Elimination Diets.
Several investigators have identified changes in a number of immunological pa
rameters after allergen avoidance diets have been instituted. In a previously de
scribed study by Sampson et al., (63) 38 patients with AD and food hypersensitiv
ity who followed an allergen-elirillnation diet for at least one year had
significantly lower SBHR levels (mean 3.7 :::'::: 0.5%) compared to that of 25 pa
tients with AD who had not yet begun an allergen elimination diet (mean 35.1
:::'::: 3.9%). However, this SBHR level was still significantly higher than that in
AD patients without food hypersensitivity. In 10 patients with food hypersensitiv
ity and AD who followed an allergen elimination diet, levels of SBHR were
measured prior to and one year after starting the elirillnation diet (63). All patients
had a significant decrease in the rate of spontaneous histarillne release (38 :::':::
9.6% before vs. 4.3 :::'::: 2.1% after). In addition, allergen avoidance resulted in
the loss of spontaneous production of the histamine-releasing factor, which was
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D. Natural History of Food Hypersensitivity in Children
with Atopic Dermatitis

A number of investigators have followed patients for many years in order to
determine the natural history of food hypersensitivity in children. In 1982 Bock

found to be produced by the mononuclear cells of patients with newly diagnosed
food hypersensitivity who had not followed an allergen elimination diet.

We found that an allergen-elimination diet resulted in a change in the acti
vation profile of peripheral eosinophils (72). After 2 weeks of a specific elimina
tion diet in 23 children with AD and food hypersensitivity, eosinophil density
shifted from an activated/hypodense profile (before allergen elimination) to an
unactivated/normodense profile. In addition, positive DBPCFCs in 4 of these
patients resulted in a shift in eosinophil density back toward the activated profile,
a finding that had been demonstrated previously (73). Patients with more severe
AD demonstrated a transient fall in serum ECP levels within 4 hours of a positive
DBPCFC compared to baseline levels, with a return to baseline within 24 hours.
The proposed mechanism for this decrease was the migration of eosinophils from
the periphery into target organs with the onset of acute symptoms. Several other
investigators, however, have reported a rise in serum ECP levels in children with
positive DBPCFC, particularly those with cutaneous reactions (74,75). In one of
these studies (75), the challenges were performed after a period of dietary restric
tion, illustrating the fact that reintroduction of the inciting food allergen will
cause immunological abnormalities similar to those that were likely to be present
prior to allergen avoidance.

In another study, James and Sampson (76) found that out of29 cow's milk
allergic children who had returned for three annual milk challenges, II became
clinically tolerant (median age 7 years; median time to clinical tolerance 3 years).
Initial (at the time of diagnosis) and final (at the time of DBPCFC) milk-, casein-,
and ~-lactoglobulin-specific IgE and IgG antibody concentrations of the patients
who became clinically tolerant were compared to those of 18 children who re
tained their clinical reactivity. For the patients who had developed clinical toler
ance, casein- and ~-lactoglobulin-specific IgE concentrations were significantly
lower, and decreased significantly from the initial to the final evaluation. There
were slight but significant decreases from the initial to final IgG I and IgG4 ca
sein-specific antibody concentrations. IgE/IgG ratios for casein and ~-lactoglobu

lin were lower in comparison to that of the patients who remained clinically
reactive at both points in time. These levels decreased significantly from the
initial evaluation to the time they had developed clinical tolerance. IgE/IgGI
ratios for ~-Iactoglobulin and IgE/IgG4 ratios for casein and ~-Iactoglobulin were
significantly lower for the clinically tolerant patients at initial evaluation and final
evaluation compared to those who had persistent cow's milk allergy.
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(77) perfonned an interview follow-up study o£19 children with food hypersensi
tivity diagnosed 1-7 years earlier. For 30 children diagnosed with food allergy
under 3 years of age, 44% of the foods that had previously caused clinical reactiv
ity were well tolerated, whereas only 19% of foods previously associated with
reactivity in 49 children older than 3 years of age at diagnosis were tolerated.
After 3-9 years of follow-up of nine children diagnosed with severe food allergic
reactions within the first 2 years of life, Bock (78) found that three could tolerate
nonnal quantities of the food, four could tolerate small amounts, and two patients
remained highly reactive. In 25 egg-allergic patients, 24 of whom had AD, Ford
and Taylor (79) found that after 2-2.5 years, 44% of the children had lost their
clinical reactivity.

In some of the senior author's studies that have addressed the natural history
of food hypersensitivity in children with atopic dermatitis, three factors have
appeared to have the greatest importance in deterrrnning the probability of pa
tients losing their clinical reactivity: the food to which the patient was allergic
(71) (i.e., patients allergic to peanuts, nuts, fish, and shellfish were unlikely to
lose their clinical reactivity, whereas those allergic to soy, wheat, milk, and egg
were much more likely to develop clinical tolerance), the level of specific IgE
antibody to a particular food (i.e., the higher the level of food antigen-specific
IgE, the less likely that clinical tolerance would develop in the subsequent few
years) (76), and the degree to willch the patient adhered to the elimination diet
(i.e., patients ingesting small amounts of allergen or having frequent accidental
ingestions were less likely to develop clinical tolerance). Prick skin tests did not
correlate with the loss of clinical reactivity and remained positive for 5 or more
years after the food had been reintroduced into the diet. Therefore, it is recom
mended that patients be rechallenged intennittently (e.g., egg: every 2-3 years;
rrulk, soy, wheat: every 1-2 years; foods other than peanut, nuts, fish, and shell
fish: every 1-2 years) to detenmne whether their food allergies persist. Deterrru
nation of food-specific IgE antibody concentration may be useful in detennining
when to rechallenge patients allergic to egg or rrulk. Specific IgE antibody levels
< 1.5 kUA/L to egg or 7.5 kUA/L to milk appear to be associated with < 50%
chance of climcal reactivity in a patient known to be reactive to the food (20).
Once patients are able to tolerate a food, i.e., "outgrown" food allergy, no patient
has had a recurrence of allergic symptoms or worsening of eczema.

E. Prevention of Atopic Dermatitis in Children with Food
Hypersensitivity

Many investigators have attempted to deterrrune the effect of prophylactic food
allergen avoidance in newborns and infants predisposed to atopic dermatitis, as
well as other atopic diseases. The role of breast-feeding in the prevention of food
allergy and atopic dennatitis has been evaluated as well. In the 1930s, Grulee
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and Sanford (80) reported a decreased incidence of atopic dennatitis in breast
fed infants. Since children are exposed to maternal dietary food antigens passed
in breast milk (81), maternal dietary restriction of common food allergens may
be necessary in order to guarantee that any protective effect of breast-feeding is
not counteracted by the infant's exposure to dietary antigens in the maternal milk.
In evaluating six breast-fed infants (age 2.5-6 months), all of whom had classic
infantile AD as well as positive prick skin tests to egg. we found that all of these
infants had complete clearing of eczematous lesions when their mothers totally
eliminated egg-containing foods from their diets. Four of the six infants were
challenged in a research unit by first feeding eggs to their mothers and then having
their mothers breast-feed their babies. Each child developed an erythematous
morbilliform rash within 4-36 hours after feeding. Based upon these findings it
is apparent that if the maternal diet is not evaluated and limited as necessary,
breast-feeding may result in an atopic infant's early exposure to dietary food
antigens and possibly a worse outcome.

A number of investigators have evaluated the effect of breast-feeding on
the incidence of AD in high-risk infants when the maternal diet is restricted of
major food allergens. In two series, mothers eliminated milk, egg, and fish from
their diets during the first 3 months of breast-feeding and delayed introduction
of cow's milk until 6 months and egg and fish until 9 months. Their children
had a lower incidence of atopic dermatitis during the first 6 months of life, com
pared to controls whose mothers followed no dietary restrictions while breast
feeding (82,83). There was no significant difference in the incidence of atopic
dennatitis in the children at 9, 12, or 18 months of age, but there was a trend
toward lower AD rates in the prophylaxis group until 18 months of age. At 4
years of age, the prophylaxis group had less atopic dennatitis, but no differences
were detected in food or respiratory allergies (83).

Zeiger and colleagues (84,85) designed a double-blind, randomized, pro
spective controlled study of infants from atopic families whose mothers were
assigned to one of two dietary regimens: (group 1) a prophylactic dietary group.
which restricted all cow's milk, egg, and peanut during the last trimester of preg
nancy and while breast-feeding (12 months), and delayed introduction of solid
foods as follows: nonlegume vegetables, rice cereal, meats, and noncitrus fruits
between 6 and 12 months; cow's milk, wheat, soy, com, and citrus fruits between
12 and 18 months; eggs at 24 months; and peanut and fish at 36 months. When
supplemented, a casein hydrolysate formula (Nutramigen) was used. In the con
trol group (group 2), mothers and infants followed the dietary recommendations
of the Academy of Obstetrics and Gynecology during pregnancy and the Acad
emy of Pediatrics during the duration of breast-feeding. When supplemented, a
cow's milk-based formula was used (Enfamil). The prevalence of food allergy,
cow's milk sensitization, and atopic dermatitis in the prophylaxis group were
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reduced significantly during the first 2 years of life. There was no significant
difference in the period prevalence of atopic dermatitis after that time. When
followed up at 4 and 7 years, the cumulative prevalence offood allergy remained
lower in the prophylaxis group.

Consistent with the above findings, delayed introduction of solid foods has
also been found to playa role in the prevention of atopic dermatitis. A prospec
tive, nonrandomized study of 1265 unselected neonates evaluated the effect of
the introduction of solid foods over a lO-year period (86,87). A significant linear
relationship was found between the number of solid foods introduced into the
diet by 4 months of age and the subsequent development of atopic dermatitis.
There was a threefold increase in recurrent eczema noted at 10 years of age in
infants receiving four or more solid foods in the first 4 months compared to
infants receiving no solid foods in that time. No relationship was found between
asthma and the introduction of solid foods. A similar study compared breast-fed
infants who had received solid foods at 3-6 months of age (88). A reduction in
AD at 1 year of age was seen in the patients with later introduction of solid foods,
but this difference was no longer present at 5 years of age (89).
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F. Clinical and Laboratory Investigation in Adults

Although there has been a wealth of information supporting the role of food
hypersensitivity in children with atopic dermatitis, there are fewer data supporting
the role of food allergy in adult patients. Many adult patients do, however, ob
serve food-related worsening of their disease. There has been evidence that birch
pollen-related fruits can cause worsening of eczema symptoms in a subpopula
tion of adults with atopic dermatitis who have no obvious clinical reactivity to
these foods (90). In a recent study, adult patients with atopic dermatitis and evi
dence of sensitization to birch pollen were instructed to avoid birch pollen-asso
ciated foods (carrot, celery, hazelnut, apple etc.) for a 4-week time period. When
patients underwent DBPCFC with these foods after this elimination period, 17
of 37 patients had worsening of eczema symptoms (with a median increase of
21 SCORAD points) within 48 hours of the challenge. In addition, when sera
from the patients who had responded to challenges were compared to sera of those
who did not, a significantly higher proportion of their lymphocytes expressed
cutaneous lymphocyte antigen (CLA +) after incubation with birch pollen anti
gens than those of nonresponders. Skin-derived T-cell lines also showed signifi
cantly greater degrees of stimulation after exposure to birch pollen antigen. Addi
tional studies are being done by these investigators in order to confirm and expand
upon these findings.

Some of the same investigators (91) also demonstrated that 22 out of 88
adolescent and adult atopic dermatitis patients who reported worsening of skin
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symptoms after ingestion of mi Ik products showed confirmation of these findings
by double-blind, placebo-controlled food challenges. The lymphocytes of these
patients showed significantly higher proliferative responses to casein compared
to those of atopic dermatitis patients whose milk sensitivity was not confirmed
by food challenge and normal controls. Casein-specific IgE was elevated in only
41 % of these patients, suggesting that the mechanism for food hypersensitivity
in these patients may be IgE independent.

Worm et a1. (92) evaluated the effect offood additives on clinical symptoms
in adult patients with atopic dermatitis. They proposed that these substances may
act as "pseudoallergens," resulting in direct mast cell release. Out of 41 adult
patients with atopic dermatitis recruited from a dermatology clinic (mean age 28
years), 63% had improvement in their eczema symptoms after 6 weeks on a low
pseudoallergen diet. These patients also had a significant reduction in their serum
ECP levels (previously shown to correlate with clinical skin assessment (74,93
95) compared to patients who had no clinical improvement (p < 0.05). Although
the majority of adult patients on the avoidance diet in this study had clinical
improvement, the broad dietary restrictions make it difficult to identify the mech
anism by which any of the foods avoided would cause worsening of AD symp

toms if ingested. I
It has been our clinical experience that many adult patients with atopic

dermatitis describe worsening of skin symptoms after ingestion of spicy foods
and/or alcohol. The vasodilatation that can occur secondary to the chemical prop-I
erties of these substances is most likely to be responsible for this effect. Thes~
patients may therefore benefit from a trial of dietary elimination of these sub-I
stances if clinical history is suggestive.

G. Conclusions
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There are clear and convincing data that food hypersensitivity plays a significant
role in the symptomatology of atopic dermatitis in a subgroup of children with
moderate to severe disease. Evaluations of skin biopsy and serological specimens
from children with atopic dermatitis, as well as skin biopsy specimens from a
murine model of food-induced atopic dermatitis, have demonstrated the impor
tance of IgE-mediated mechanisms. The clinical trials using double-blind, pla
cebo-controlled food challenges and of food-elimination diets in these patients
have proven that clinical symptomatology is directly affected by tlle ingestion
or avoidance of certain food antigens in this subpopulation of patients. As the
number of referrals for food hypersensitivity evaluation in children with atopic
dermatitis appears to have increased in recent years, it seems that this association
is becoming better recognized among physicians. For adult patients with atopic
dermatitis, more studies need to be performed in order to further determine the
role of food allergens as triggers.
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Role of Staphylococcus aureus
in Atopic Dermatitis

Donald Y. M. Leung
National Jewish Medical and Research Center, Denver, Colorado

I. INTRODUCTION
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Atopic dermatitis (AD) is a chronic relapsing, pruritic skin disease frequently
seen in patients with a history of respiratory allergy (1). 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 com
bination of immediate and cellular immune responses (see Chapters 8-16 for
further discussion). Population studies indicate that the prevalence of AD in chil
dren has been steadily increasing since World War II and that it now affects more
than] 0% of children in most parts of the world (2). The rapid rise in prevalence
of AD is thought to be primarily related to changes in our environment. A number
of factors can trigger AD, including irritants, foods, aeroallergens, and infection.
The relative contribution of allergens to the course of this illness is reviewed in
Chapters 17, 18, and 20.

The current review examines the evidence that Staphylococcus aureus
plays an important role in the pathogenesis of AD, acting not only as a trigger
but having disease-sustaining effects as well. These effects appear to be related to
the potent toxins they produce. An understanding of the mechanisms underlying
enhanced S. aureus colonization in AD and identification of the molecules in
volved in triggering atopic skin inflammation has important implications in our
approach to the management of AD and the development of new therapies for
patients with this common illness.
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II. PREVALENCE OF S. AUREUS IN ATOPIC DERMATITIS

S. aureus is found on the skin of over 90% of patients with AD (3). Using electron
microscopy, Morishita et al. (4) found S. aureus distributed on the surface of
the epidermis as well as growing between layers of keratinocytes. Interestingly,
staphylococcal toxins (superantigens, see below) could be identified by immuno
fluorescence as deeply into the skin as on the inflammatory cells infiltrating into
the dermis. In contrast, only 5% of normal subjects harbor this bacterium on their
skin, and its localization is mainly in the nose and intertriginous areas. The den
sity of S. aureus on acutely inflamed AD lesions is frequently more than 1000
times higher than on nonlesional atopic skin. Clinical superinfection with S.
aureus can reach 107 organisms per cm2 on acute lesional skin. Honey-colored
crusting, extensive serous weeping, folliculitis, and pyoderma indicate bacterial
infection usually secondary to S. aureus in patients with AD. These patients can
have a sudden exacerbation of skin disease and respond rapidly to antibiotic ther
apy. However, even AD patients without overt S. aureus infection show greater
clinical improvement to combined treatment with antistaphylococcal 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).

III. MECHANISM(S) FOR ENHANCED S. AUREUS
COLONIZATION IN AD
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The mechanism(s) leading to increased S. aureus colonization in AD are poorly
understood. It is likely to result from a combination of processes, including dis
ruption of skin baITier function from scratching, loss of cel1mn innate antibacterial
activities from changes in ~-defensin levels or reduced immune responses neces
sary for eradication and defense against bacteria, as well as changes in skin sur
face 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 an altered lipid content in the skin may lead to increased transepider
mal water loss contributing to the dryness and cracked, brittle skin that predis
poses to S. aureus colonization (8,9). None of these factors are mutually exclu
sive. Indeed, all are likely to playa role in S. aureus colonization of AD skin,
varying according to the patient's genetic predisposition and environmental expo
sure.

The initial event in colonization requires' 'adherence" of S. aureus to the
skin, and if it results in firm attachment of S. aureus to skin surfaces, there is an
increased risk for subsequent infection or immunoreaction. Studies have demon
strated increased adherence of S. aureus to keratinocytes from atopic skin (l0).
The reason for increased binding of S. aureus to AD skin is not completely under-
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stood but is likely to be driven by atopic inAammation. This concept is supported
by several observations.

First, it has been found that treatment with topical corticosteroids or tacroli
mus significantly reduces the numbers of S. aureus found on atopic skin (11,12).
In vitro studies from our lab indicate that corticosteroids have no direct antibiotic
effects on the growth of cultured S. aureus. Thus, it is very likely that atopic
skin inAammation leads to the expression of attachment sites, which promote
colonization of S. aureus.

Second, acute inAammatory skin lesions have more S. aureus than chronic
skin lesions or unaffected atopic skin (3). Scratching likely enhances S. aureus
binding by disturbing the skin barrier, releasing proinAammatory cytokines,
which upregulate extracellular matrix molecules known to act as adhesins for S.
aureus (13). Alternatively breaks in the epidermal layer from scratching or skin
dryness can expose underlying extracellular matrix molecules, which can serve
as an anchor for adherence of S. aureus to the skin.

Third, we have directly examined S. aureus binding to skin lesions in mice
undergoing allergen-driven Thl vs. Th2 inflammatory responses using a novel
in vitro bacterial binding assay (14). Bacterial binding to frozen skin sections
was found to be significantly greater at skin sites with Th2-mediated inAamma
tion than skin sites with Th I-mediated inAammation. Importantly, this increased
bacterial binding did not occur in IL-4 gene knockout mice. Conversely when
normal mouse skin was incubated in vitro with IL-4, as compared to interferon
y, increased S. aureus binding occurred in skin explants treated with IL-4. These
data indicate that IL-4 plays a crucial role in the enhancement of S. aureus binding
to skin.

The microbial components responsible for adherence are termed' 'adhes
ins." During the past few years, a number of important staphylococcal adhesins
(aside from protein A) have been identified, which are responsible for the initial
interactions between S. aureus and matrix proteins in different tissues. These
include fibronectin-binding proteins A and B; clumping factor A and B, which
are fibrinogen-binding proteins; and collagen adhesins (13). Importantly, it is
well established that the tissue ligands for some of these staphylococcal adhesins,
e.g., fibronectin, are modulated by proinAammatory cytokines. Of interest, IL-4,
but not interferon-y, is known to induce fibronectin production by skin fibro
blasts (15).

Recently, we demonstrated tl1at fibronectin and fibrinogen, but not collagen,
are the key proteins used in the binding of S. aureus to Th2-induced skin inAam
matory reactions. This is supported by the following observations: first, isogenic
mutants of S. aureus that were selectively deficient in fibronectin- or fibrinogen
binding proteins, as compared to their corresponding wild-type parent strains,
demonstrated reduced binding to allergen-sensitized/challenged Th2, but not
Th 1, skin reactions in mice (14). Consistent with these studies, S. aureus mutants
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deficient in fibronectin- or fibrinogen-binding proteins demonstrated reduced
binding to human AD skin but not psoriatic skin or normal skin (16). In contrast,
a collagen adhesin-negative mutant did not show decreased binding to Th2-medi
ated inflamed skin. Second, when S. aureus were preincubated with either saline,
human serum albumin, fibronectin, collagen, or fibrinogen in an attempt to block
the S. aureus-binding proteins, only fibronectin and fibrinogen, but not saline,
collagen, or human serum albumin, significantly reduced the level of S. aureus
binding to Th2-induced skin inflammation sites. Of note, the bacterial binding
sites were mainly confined to the stratum corneum. This was shown in both mouse
models of Th 1 vs. Th2 skin inflammation as well as a comparison of human AD
vs. psoriasis skin (14-16).

While fibronectin and fibrinogen are plasma proteins that can exudate from
the blood at sites of skin inflammation, it is unlikely that this represents the exclu
sive process by which S. aureus binding is increased to atopic skin. As discussed
above, in vitro incubation of skin explants with recombinant IL-4 increases S.
aureus binding to a level significantly greater than incubation of skin from the
same skin sites with either media control or interferon-yo Furthermore, we have
found that IL-4 but not interferon-y also increases supra-basal epidermal fibro
nectin deposition (14). This suggests a selective mechanism by which Th2, as
compared to Thl, responses can enhance S. aureus binding to the skin. Thus,
IL-4-induced fibronectin synthesis, in combination with plasma exudation of
fibrinogen, could provide a mechanism by which the atopic/inflammatory envi
ronment mediates enhanced S. aureus attachment to the skin. Interestingly, a
recent study by Wann et at. (17) demonstrated that the S. aureus fibronectin
binding MSCRAMM FnbpA is a bifunctional protein that also binds to fibrino~

gen. This observation is consistent with our observations suggesting that blockin
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.

IV. STAPHYLOCOCCAL VIRULENCE FACTORS

A. Superantigens
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Recent studies suggest that one strategy by which S. aureus exacerbates or main
tains skin inflammation in AD is by secreting a group of toxins known to act as
superantigens (Fig. 1). These potent toxins bind directly without antigen pro
cessing to constitutively expressed HLA-DR molecules on professional antigen
presenting cells such as macrophages or dendritic cells and to cytokine-induced
HLA-DR molecules on nonprofessional APC such as keratinocytes (18). This
can have profound biological consequences due to the local or massive systemic
release of cytokines and mediators of inflammation by these HLA-DR+ cells or
via the subsequent activation of T cells. The stimulation of T cells by superanti-
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Figure 1 Immune mechanisms of staphylococcal superantigen action. (From Ref. I.)

gens results in the activation and expansion of lymphocytes expressing specific
T-cell receptor V~ regions. Such T cells may include autoreactive T cells that
migrate to the target tissue containing the autoantigen recognized by that T cell
and mediate damage via cytotoxic mechanisms or the secretion of proinflamma
tory cytokines. While all bacterial superantigens can 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~ expansions can be useful
in supporting the concept that tissue inflammation is mediated by superanti
gens (19).

A variety of observations support a role for superantigens in the pathogene
sis of AD (Table I). First, over half of AD patients have S. aureus cultured from
their skin that secrete superantigens such as enterotoxins A, B, and toxic shock
syndrome toxin-l (TSST-I) (20-22). An analysis of the peripheral blood skin
homing CLA + T cells from these patients as well as their skin lesions reveals
that they have undergone a T-cell receptor V~ expansion within both their CD4+
T cells and their CD8+ T cells consistent with superantigenic stimulation (Fig.
2) (23,24). TCR V~ skewing was not present within the CLA + T-cell subsets
of patients with plaque psoriasis or normal controls. TCR BV genes from the
presumptively superantigen-expanded populations of skin-homing T cells were
cloned and sequenced from three AD subjects and, consistent with a superanti-
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Table 1 Evidence for Role of Staphylococcal Superantigens in Atopic Dermatitis

AD severity correlates with presence of IgE antibodies 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.

gen-driven effect, were found to be polydonal. These data suggest that superanti
gens can contribute to AD pathogenesis by increasing the frequency of memory
T cells able to migrate to and be activated within AD lesions.

Second, most AD patients make specific 19E antibodies directed against
the staphylococcal superantigens found on their skin (Fig. 3) (20-22). Basophils
from patients with 19E to superantigens release histamine on exposure to the
relevant superantigen, but not in response to superantigens to which they make no
specific 19E (20). These findings raise the intriguing possibility that superantigens
induce specific 19E in AD patients and chronic mast cell degranulation in vivo
when the superantigens penetrate their disrupted epidermal barrier. This promotes
the itch-scratch cycle contributing to the evolution of skin rashes in AD.

Third, a correlation has been found between the presence ofIgE to superan
tigens and severity of AD (21,22). Furthermore, colonization with superantigen
producing S. aureus is at greatest density in patients with 19E to staphylococcal
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superantigens. Of note, in one study there was no difference in skin severity
between patients with or without superantigen-producing S. aureus unless pa
tients made an IgE response to the superantigen present on their skin (22). Patients
with superantigens on their skin generally 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 (25).
Utilizing a humanized murine model of skin inflammation, S. aureus superantigen
plus allergen was found to have an additive effect in inducing cutaneous inflam
mation (26). Skin-homing CLA + T cells have also been shown to respond to
superantigen and contribute to eosinophilia and IgE production in AD (27,28).

Fourth, epicutaneous application of SEB to normal skin or unaffected AD
skin has also been found to induce skin erythema and induration (29). In one
study, three of the six AD subjects studied experienced a flare of their skin disease
in the elbow flexure ipsilaterally to where the SEB was applied. These obser-
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vations provide direct evidence that superantigens can exacerbate and sustain
skin inflammation with AD. More recently, it was found that the infiltrating T
cells into SEB patch test sites are selectively expanded with a T-cell repertoire
(T-cell receptor V~ 3, 12, and 17) reflecting SEB stimulation (30). Furthermore,
in a prospective study of patients recovering from toxic shock syndrome, 14 of 68
patients developed chronic eczematoid dermatitis, whereas no patients recovering
from gram-negative sepsis developed eczema (31). These investigators concluded
that superantigens may induce an atopic eczematoid process in the skin. Kawasaki
syndrome, a multisystem vasculitis of childhood thought to be caused by superan
tigens, has also been associated with a lO-fold higher prevalence of atopic derma
titis than disease controls (32).

A number of factors likely contribute to the induction of skin inflamma
tion by superantigens. In this regard, superantigens can cause marked activation
of Th2 cells. Mouse Th2 cells expanded in vitro by superantigen induce IL-4
dependent skin inflammation when injected into the skin of mice (33). Saloga et
al. (34,35). also found that epicutaneous application and intracutaneous injection
of SEB elicits a strong inflammatory skin response in wild-type BALB/c mice,
but not T-cell-deficient scm mice. These results suggest that superantigen
induced skin inflammation is T-cell-dependent.

Importantly superantigens have been demonstrated to induce T-cell expres
sion of the skin homing receptor, cutaneous lymphoid antigen (CLA) via stimula
tion of IL-12 production (36). As shown in Figure 1, staphylococcal superanti
gens secreted at the skin surface can penetrate the skin to stimulate epidermal
macrophages or Langerhans cells to produce IL-l, tumor necrosis factor-a (TNF
a) and IL-12. Local production of IL-l and TNF induces the expression of
E-selectin on vascular endothelium (37), allowing an initial influx of CLA+ Th2
memory/effector cells. IL-12 secreted by superantigen-stimulated Langerhans
cells which migrate to skin-associated lymph nodes can upregulate the expression
of CLA on T cells and influence the functional profile of virgin T cells activated
by the superantigens. These actions result in the formation of additional skin
homing memory T cells, which can contribute to ongoing skin inflammation.

The environmental triggers that contribute to chronicity of AD are un
known. However, chronic AD is frequently associated with colonization by su
perantigen-producing S. aureus and increased infiltration of monocyte/macro
phages (l). To examine a potential role for microbial superantigens in the
prolongation of monocyte-macrophage sUlvival, Bratton et al. (38) incubated pe
ripheral blood monocytes from AD subjects with various concentrations of TSST
1, a prototypic superantigen, and examined their effects on monocyte apoptosis.
TSST-1, in a concentration-dependent manner, significantly inhibited monocyte
apoptosis and stimulated production of the prosurvival cytokines GM-CSF, IL
1, and TNF-a. Their data also showed GM-CSF was the primary cytokine respon-
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sible for inhibition of apoptosis, creating conditions favoring persistent tissue
inflammation and skin colonization with S. aureus.

B. Nonsuperantigenic Toxins

Aside from superantigens, staphylococci can express other molecules that con
tribute to skin inflammation. Ezepchuk et al. (39) found that AD S. aureus isolates
that failed to secrete superantigenic toxins produced a-toxin. All of these staphy
lococcal strains also expressed staphylococcal protein A. There were significant
differences in the action of these molecules on keratinocytes. The superantigens
TSST-l, SEA, SEB, and exfoliative toxin as well as protein A did not induce
significant cytotoxic damage on keratinocytes. In contrast, a-toxin induced pro
found keratinocyte cytotoxicity that was time and dose dependent. The morpho
logical and functional characteristics of cell death induced by a-toxin was consis
tent with cell necrosis, but not apoptosis. Additionally, a-toxin induced the
release of TNF-a release from keratinocytes within 30 minutes of addition to
cultures. In contrast, protein A and staphylococcal superantigens stimulated TNF
a secretion from keratinocytes over a 6- to l2-hour period. Lipoteichoic acid
found in all S. aureus strains are also potent inducers of proinflammatory cytokine
production by mononuclear cells (40). Thus, a wide variety of staphylococcal
products can have proinflammatory effects on the skin.

v. THERAPEUTIC IMPLICATIONS

A. Antibiotic/Steroid Combinations

The growing evidence that infection with S. aureus can exacerbate acute AD and
colonization promotes the chronic inflammatory process of AD provides a ratio
nale for use of anti staphylococcal therapy in patients with poorly controlled AD
(Table 2). Systemic antistaphylococcal antibiotics are particularly helpful in the

Table 2 Therapeutic Approach to Reducing
S. aureus

Restore skin barrier
Topical antibiotic/corticosteroid combinations
Topical corticosteroids
Topical macrolide immunomodulators
Anti-infectives
Phototherapy
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treatment of acute exacerbations of AD due to diffuse S. aureus infection (41
43). Erythromycin and the newer macrolide antibiotics (azithromycin and
clarithromycin) are usually beneficial for patients who are not colonized with a
macrolide-resistant S. aureus strain. However, for macrolide-resistant S. aureus,
a penicillinase-resistant penicillin (e.g., dicloxacillin) may be needed. First
generation cephalosporins and oral fusidic acid (Fucidin) also offer effective cov
erage for staphylococci. Topical fusidic acid or mupirocin is useful in the treat
ment of localized impetiginized skin lesions (44). However, in patients with
extensive superinfection, topical antibiotics can be very expensive. In this situa
tion, a course of systemic antibiotics is most practical.

Due to the increased risk of bacterial resistance accompanying frequent use
of antibiotics, it is important to combine antimicrobial therapy with effective skin
care since it is well established that the excoriated inflamed skin of AD predis
poses to S. aureus colonization. Therefore use of antibiotic therapy must be car
ried out with good skin hydration to restore skin barrier function and effective
anti-inflammatory therapy to reduce overall skin inflammation and S. aureus col
onization (11,12). Exacerbating factors such as food allergens, inhalant allergens,
irritants, and emotional triggers should be identified and eliminated because 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 (45).

Several studies have now demonstrated that the combination of topical cor
ticosteroids with an antibiotic is significantly more effective at reducing skin in
flammation due to AD than using the topical corticosteroid or topical antibiotic alone
(46-48). Topical fusidic acid (Fucidin) combined with corticosteroid has been
particularly effective because fusidic acid inhibits growth of even methicillin
resistant S. aureus (49). In contrast, topical neomycin can be a problem since it fre
quently leads to the development of allergic contact dermatitis (50).

The observation that combined treatment of AD with antibiotics and cortico
steroids is more effective than corticosteroids alone suggests that S. aureus secretes
products that can induce GC insensitivity. This may contribute to the spectrum
of corticosteroid responsiveness that exists in clinical treatment of AD (51). Thus,
an understanding of the mechanism of corticosteroid insensitivity in this clinical
setting is important and may lead to improved therapy for patients with AD. Re
cently, we made the interesting observation that when T cells are stimulated with
superantigens, as compared to otl1er stimuli, they become insensitive to tl1e immu
nosuppressive effects of corticosteroids (Fig. 4) (52). This may be clinically impor
tant because use of antibiotics, even at concentrations that do not suppress their
growth, are known to reduce superantigen production by S. aureus (53).

At a cellular level, GCs exert their biological effects by binding to a specific
intracellular receptor, i.e., the GC receptor (GR). Cloning of the human GR gene
has revealed that alternative splicing of the GR pre-mRNA generates two homolo-
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gous isoforms: GRa and GR~ (54). GRa is the steroid-activated transcription fac
tor that, in the hormone-bound state, modulates the expression of steroid-sensitive
genes. GR~ differs from GRa only in its COOH terminus with replacement of
the last 50 amino acids of the latter with a unique IS-amino-acid sequence. This
difference renders GR~ unable to bind GC hormones and antagonizes the activity
of GRa. Interestingly, superantigens are a potent inducer of GR~ expression in T
cells and may account for their ability to induce GC insensitivity (55).

By eliminating superantigens and augmenting corticosteroid sensitivity,
combination antibiotic-topical cOlticosteroid therapy can potentially allow clini
cians to use low- to medium-potency topical corticosteroids to achieve the same
clinical effects as high-potency corticosteroids when used alone. Since prolonged
use of high-potency corticosteroids can lead to marked side effects, this concept
is worth pursuing further. Taken together, these data indicate the importance of
combining anti-inflammatory therapy with the eradication of bacteria secreting
superantigens to effectively treat inflammatory skin diseases such as AD.
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B. Nonantibiotic Approaches for Control of S. aureus

1. Anti-infectives

In patients who cannot wean off antibiotic therapy, alternative topical approaches
should be considered for control of S. aureus (see Chapter 22). This would in
clude antibacterial cleansers, which have been shown to be effective in reducing
bacterial skin flora (55). The antiseptic gentian violet has been shown to signifi
cantly decrease S. aureus on AD skin accompanied by a reduction in the clinical
severity of skin disease (56,57). Use of 10% povidone iodine solution has been
reported to result in a lO-to 100-fold decrease in the density of S. aureus in AD
patients (58). Finally, daily bathing with an antibacterial soap, as compared to
placebo soap, has been found to significantly reduce the number of S. aureus on
the skin and result in clinical improvement of AD (59). Of note, all these anti
infective strategies may be limiting as they can be too irritating for the inflamed
skin of some patients with AD.

2. Phototherapy

It is generally accepted that phototherapy or photochemotherapy is effective in
the treatment of atopic dermatitis (see Chapter 25). Although its mechanisms
of action are not completely understood, it is thought that this may be due to
immunosuppressive and anti-inflammatory effects of phototherapy. Interestingly,
it has also been shown that UV-B irradiation or psoralen plus UVA (PUVA)
inhibits growth of S. aureus via a direct bactericidal effect (60). In addition, in
vitro treatment of S. aureus with UV-B irradiation or PUVA has been found to
inhibit superantigen production in an ultraviolent dose-dependent manner (61).
These bacteriostatic effects of UV radiation along with its suppressive effects on
superantigen production may contribute to the therapeutic efficacy of photother
apy in AD.
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3. Topical Tacrolimus

Several multicenter controlled studies have demonstrated that FK506 in ointment
form (tacrolimus) can effectively reduce the clinical symptoms of AD (see Chap
ter 27) with markedly diminished pruritus within 3-5 days of initiating therapy
(62,63). Tacrolimus does not act on glucocorticoid receptors but instead inter
acts with a cyclophilin-like cytoplasmic protein, FK506-binding protein, and this
complex in turn inhibits calcineurin, interfering with gene transcription of mul
tiple Th1- and Th2-like cytokines including IL-2, IL-4, and IL-5 (64). In a 1
year study, Remitz et al. (12) found that application of 0.1 % tacrolimus ointment
markedly decreased the number of S. aureus on the skin of AD patients within
the first week of treatment. Tacrolimus has no direct inhibitory effect on bacterial
growth. Since the reduction in number of S. aureus followed the clinical improve-
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Figure 5 Effect of dexamethasone (DEX) and FK506 on PHA (A) vs. SEB (B) stimu
lated T-cell proliferation response to superantigens ys. PHA. (From Ref. 65.)
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ment of AD following tacrolimus treatment, it is likely that the healing of skin
lesions due to the anti-inflammatory actions of tacrolimus is the mechanism for
the observed reduction in S. aureus counts on AD skin. As shown in Figure 5,
superantigen-induced T-cell activation is resistant to the anti proliferation effects
of dexamethasone, a prototypic corticosteroid. However, FK506 was highly ef
fective at inhibiting superantigen-induced T-cell activation (65). Thus, tacrolimus
ointment may be an effective new treatment option for steroid-insensitive dis
eases such as AD colonized with S. aureus-secreting superantigens. However,
it should be noted that there is currently no data supporting the use of topical
tacrolimus as first line therapy in the treatment of AD flares that result from S.
aureus infections. In those situations, oral antibiotics or topical antibiotic/steroid
combinations such as fusidic acid/hydrocortisone (Fucidin H) with fusidic acid/
betamethasone (Fucicort) would be most useful.

VI. CONCLUSIONS

Colonization and infection with S. aureus contributes to the severity of atopic
dermatitis. Recent studies demonstrating that bacterial toxins produced by S.
aureus act as superantigens provide mechanism(s) by which S. aureus could me
diate an inflammatory skin lesion. The inflamed skin of atopic patients avidly
bind S. aureus. Once attached to the skin, staphylococcal superantigens can aug
ment allergic skin inflammation and reduce corticosteroid sensitivity. Reduction
in S. aureus colonization requires effective skin care to control skin inflammation,
which predisposes to S. aureus colonization/infection. These observations sug
gest a role for antibiotic/corticosteroid combinations or topical macrolide immu
nosuppressive ointments in the treatment of atopic dermatitis.
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Fungal Allergens

Hachiro Tagami, Hiroaki Aoyama, Mikiko Okada,* and Tadashi Terui
Tohoku University School of Medicine, Sendai, Japan

The skin protects our body not only physicochemically by covering its surface
with the stratum corneum (SC) but also immunologically with the unique skin
immune system (1). However, immunological reactivity against environmental
substances may induce so-called allergic skin reactions. Individuals with atopic
histories tend to develop IgE-mediated immediate hypersensitivity reactions
against various aeroallergens, which are mostly derived from other living organ
isms such as animals, plants, and microorganisms including fungi. Patients with
atopic dermatitis (AD) display not only delayed contact sensitivity but also imme
diate reactions to allergens (2). Unlike smalJ molecular haptens that can penetrat5
even normal SC to induce allergic skin reactions, large molecular aeroallergens;
cannot penetrate through the intact SC of nonnal skin. For their percutaneou~

penetration, barrier function of the SC must be compromised. I

I. STRATUM CORNEUM AS A PHYSICOCHEMICAL
BARRIER

The primary defense mechanism of the skin depends on the production of a physi
cochemical barrier, the SC, by the epidermis. The SC is a thin biological mem
hrane less than 20 fim in thickness hut is nevertheless efficient as a harrier. The
SC is composed of about IS tightly stacked layers of corneocytes, except for at
certain bodily locations such as the genitals or the palmoplantar skin, where it
is extremely thin or thick (3).

The SC prevents invasion from the environment of injurious agents with

* Current affiliation: Sendai Shakaihoken Hospital, Sendai, Japan.
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a molecular mass larger than 500 daltons. It is basically comprised of a two
compartment system of corneocytes, flattened dead cell bodies of keratinocyte~1

covered by a tough, highly cross-linked proteinaceous cornified envelope, ani
extracellular lipid lamellae (4). The latter, which playa crucial role in the barrie~

function of the SC, fill the continuous extracellular matrix consisting of roughl
equimolar concentrations of ceramides, long-chain free fatty acids and cholesterol
released from lamellar granules of differentiated granular cells. It is so efficien
as a barrier that it hardly allows easy passage of a small molecule like water.
Thus, the SC protects our body from desiccation even in a dry environment.
Accordingly, large molecular components of fungi cannot penetrate the skin
through intact SC but only through injured sites caused by scratching or through
fissures observed in dry skin or the lesional skin of dermatitis.

Epidermal appendages such as hair follicles and sweat ducts are not well
equipped with an intact SC barrier (4). In fact, they provide an alternative perme
ation pathway even for large molecules like protein aJlergens, although in a re
stricted fashion. Thus, in AD patients with sensitivity to environmental protein
antigens, we can induce positive reactions with atopy patch test even when con
ducted on the unabraded skin of the back that is dotted with large hair follicular
orifices (5). In such patch testing, antigenic substances are applied under occlu
sion for 48 hours, which produces an extremely wet condition that is not experi
enced in daily life. In contrast, it is not easy to produce similar positive reactions
on the flexor surface of the forearms, where the orifices of hair follicles are much
smaJler than those on the back. On the flexor surface of the forearms, partial
stripping of the SC with adhesive tape or scarification using a needle is required
to obtain definite positive reactions (6,7).

The SC also plays another important role at the skin surface by binding
water to keep the skin smooth and flexible even in an extremely dry environment
(1,4). Water renders these dry stacked layers of corneocytes supple enough to
allow free movement of the body without producing cracks or fissures in the skin
surface. There is always a water supply from the underlying hydrated living tissue
at the deeper portion of the Sc. Therefore, it is the water content at the upper
portion of the SC that determines the skin surface properties, keeping the skin
smooth and soft, as long as the water-holding capacity is intact. The presence of
intercellular lipids in the SC between each corneocyte, together with skin surface
lipids derived from sebum and water-soluble amino acids (natural moisturizing
factor) produced by the enzymatic degradation of filaggrin, gives the SC a water
holding capacity as well as a barrier function. However, the SC produced in
pathological skin conditions is deficient in water-holding capacity, being firm
and brittle and producing fissures and scales even under normal ambient condi
tions. These changes in the SC, which are always observed in the lesional skin of
dermatitis, enable permeation of even large molecules such as protein allergens.
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Clinically observable erythema reflects one facet of inflammation occurring in
the skin. Invisible but microscopically observable inflammatory changes persist
far longer than the clinically observable erythematous changes. For example,
mildly functionally deficient SC is always observed in the clinically noninflamed,
dry nonlesional skin of patients with atopic xerosis (8), much like the scaly skin
lesions caused by the physical insult of tape-stripping (9). In such skin, mild
residual inflammation is accompanied by hyperproliferation of the epidermis with
rapid turnover of the SC, which leads to the production of functionally defective
Sc. Thus, atopic xerosis skin shows higher transepidermal water loss (TEWL)
and lower skin surface hydration levels than does normal control skin.

The contents of ceramides and water-soluble amino acids in the SC of
atopic xerosis are reduced, which is responsible for its compromised barrier func
tion as well as the deficient water-holding capacity (8,10). The corneocytes in
atopic xerosis tend to desquamate in clumps of cell aggregates instead of as indi
vidual cells. Although the number of stratum corneum cell layers in atopic xerosis
(21 ::'::: 4) was substantially larger than that in controls (15 ::'::: 1), its turnover time
(7 ::'::: 2 days) was appreciably shorter than that for controls (14 ::'::: 2 days) when
studied on the volar forearms. As noted in the skin with increased epidermall
proliferation, the size of superficial corneocytes in patients with atopic xerosis
is substantially smaller than in controls. In fact, histopathological examination
reveals acanthotic epidermis, mild perivascular mononuclear cell infiltrate, and
pigment incontinence. All these changes seem to reflect the increased epidermal
proliferation due to the low-level ongoing dermatitis. This SC dysfunction as
well as the reduced ceramide and amino acid contents are no longer observable
when the xerotic changes eventually disappear from the skin surface (11,12).

Patch testing with detergents such as 1% sodium lauryl sulfate (SLS) in
petrolatum for 24 hours on atopic xerosis induces much more severe damage in
the SC barrier function (> 1 week) than in normal individuals (13). It also makes
a sharp contrast with the finding that in atopic xerosis the barrier recovery is not
impaired after infliction of a physical insult such as scratching (12,14). The effects
on the skin of chemical insults such as those caused by detergents that induce
inflammation may be more prominent than those resulting from physical traumas.

The mild barrier dysfunction of the SC as noted in atopic xerosis does not
seem to be a prerequisite for the development of dermatitis. Even the skin of
the face and genitals of normal individuals shows high TEWL values, almost
comparable to those noted in scaly dermatitis skin, which far exceed those of
atopic xerosis (3). In the case of skin tests for various environmental allergens,
scarification or pricking with a needle is required to produce a compromised state
in the SC barrier. Likewise, fissuring or cracking that develops even in the intact
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SC due to the decreased water content of the SC opens a new penetration pathway
for aeroallergens through the Sc. Thus, nummular eczema can occur even in
elderly individuals with senile xerosis who show immediate skin hypersensitivity
as well as contact hypersensitivity reactions to aeroallergens as in young patients
with AD (15). These patients tend to show more severe xerotic changes than
similarly aged normal people.

III. SKIN TESTS WITH FUNGAL ANTIGENS
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All the subjects are prohibited from taking antihistamines and systemic steroids
and from applying topical steroids on the volar aspects of the forearms for one
week before the skin testing.

Various test agents containing fungal allergens are commercially available.
However, a modem allergen tray should integrate relevant aeroaJlergens prepared
from adequate aerial as well as cutaneous fungal flora.

Because these agents are too large to penetrate normal skin, we must pre
pare the test skin area by compromising the barrier function of the SC to assure
definite penneation of the antigen. For prick testing to check immediate hypersen
sitivity, after placing a droplet of each test extract reagent, a commercially avail
able disposable prick test needle that is equipped with a guard to prevent deeper
piercing is passed though the drop and inserted I mm deep into the skin. Alterna
tively, a disposable hypodermic needle (27 gauge) is passed through the droplet
and inserted into the epidermal surface at a low angle, with the bevel of the
needle facing away from the skin surface. Then the needle tip is gently lifted
upward to raise a small portion of the skin without causing bleeding. A whealing
reaction is evaluated after 15 minutes. A wheal with a diameter of more than 5
mm is regarded as positive. When the subject shows a reaction to the solvent
(control solution), the reaction to allergen is recorded as positive if the diameter
of the reaction is two times larger than the reaction to the solvent. A high correla
tion is observed between the prick test in the skin and RAST with the serum (2).

The site should be examined 6-8 hours later to check for the late phase
reaction, which is characterized by tissue infiltration with Th2 lymphocytes and
eosinophils. When the tests are done in outpatient clinics, we ask the patient to
trace the outline of the erythematous reaction at 8 hours at home with a ball point
pen. The size of the reaction area can be kept as a record on transparent adhesive
tape, which is later applied to the site to strip the skin surface with the tracing
line. From our experience, the late phase reaction tends to develop in those who
have high levels of IL-5.

Aeroallergens can induce positive reactions with atopy patch tests con
ducted even on the unabraded skin of the back, which has large hair follicular
orifices (5). However, for patch testing on the flexor aspect of the forearm, the
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skin should be pretreated to assure penetration of large molecular substances
through the Sc. To avoid missing a positive response, the skin is lightly abraded
four times with a 27-gauge needle in a crisscross fashion (1,7). Another way to
compromise the barrier function of the SC is partial tape stripping. Ten strippings
with adhesive cellophane tape is sufficient to obtain a response positive in reactive
subjects without causing any skin damage that lasts more than 48 hours (6).
Furthermore, to assure sufficient penetration of antigenic substances into the skin,
the test solutions should be concentrated. Concentrations of at least 100 times
those used for intradermal skin tests are desirable as long as the agent is not an
irritant. To prevent bacterial proliferation, phenol can be added at a final concen
tration of 0.1 %.

Twenty ~L of the test solution in a Finn chamber is applied to the site for
48 hours. A control vehicle solution is applied in the same way. The patch test
reaction is read at 48 and 72 hours and I week after the application of the patches
and evaluated according to the International Contact Dermatitis Research Group
criteria for patch tests (16).

IV. CUTANEOUS IMMUNE REACTIVITY INDUCED BY
ARTIFICIAL EXPOSURE TO FUNGAL ALLERGENS
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It is difficult to induce a skin immune response by simply applying fungal aller
gens on normal skin. However, from the observations in artificial exposure to
fungal components by inducing experimental cutaneous infections with patho
genic fungi such as dermatophytes and Candida albicans, which can invade the
SC, we can study the development of immune responses that lead to regression
of the lesions (7,17,18). When spores of Trichophytin mentagrophytes are inocu
lated on the normal skin of guinea pigs under occlusion for 24 hours, the inocu
lated sites first become erythematous at 1-2 days after infection (17). This is
simply a sign of irritant dermatitis induced by substances released from the prolif
erating fungus in the Sc. The intensity of erythema increases gradually. After 7
days, almost concurrently with the demonstrability of delayed contact sensititivity
reactions to the dermatophyte allergen trichophytin, the lesions become infiltrated
and covered by silvery scales. Climax inflammatory changes are observed be
tween 9 and 14 days. Thereafter the crusty scales are sloughed off and healing
begins to take place. By week 4 the lesions are replaced by smooth alopecic scars.
By reinfecting such recovered animals in the same way with T. mentagrophytes, a
much more rapid onset of inflammatory change is produced, reaching a peak
within 2 days. Because a similar reaction can be induced even with heat-killed
spore suspensions, the inflammation is thought to depend on contact sensitivity to
dermatophyte. Subsequently, the inflammation begins to subside and completely
regresses within 10 days. Thus, contact sensitivity to fungal antigen is crucial to



424 Tagami at al.

oj

..:l

M
!
Q>

~
.~

8
MARCEL DEKKER, INC.~

270 Madison Avenue. New York. New York 10016 IU?

eliminate the fungus from the skin surface by inducing prominent inflammation
that enhances epidermal proliferation associated with rapid desquamation of the
SC infected by the fungus (18).

The development of delayed contact hypersensitivity to fungal allergens is
also observable 4-5 days after application of the spore suspensions in guinea pig
skin experimentally infected with C. albicans (7).

We cannot study the development of immune reactivity induced by experi
mental innoculation of Candida in human subjects because most individuals have
been exposed since birth (7). C. albicans is a common commensal of human oral
and vaginal mucosae and the intestinal tract, existing as part of the normal flora
(19). Thus, whenever possible it readily colonizes or infects the moist skin area
under diapers or intertriginous areas such as the interdigital spaces, inframam
mary folds, and perianal skin. Therefore, in humans we can utilize only experi
mental dermatophytosis for the study of the development of skin immune reacti v
ity after exposure to fungal allergens.

There is a difference between the uniform experimental dermatophyte in
fections of guinea pigs and dermatophytosis in humans, the infection patterns of
which are rich in variety. Jones et al. (20) found that, as noted in guinea pigs,
healthy human volunteers also develop delayed hypersensitivity at first, which
enhances the inflammatory changes of the skin lesions to induce spontaneous
regression. However, they found that in certain subjects the infected lesions be
came chronic and widespread. This phenomenon occurred in those having an
atopic history. Their group also found that patients who were extensively and
chronically infected with dermtophytes were atopic by demonstrating multiple
immediate skin test sensitivity and elevated levels of serum IgE (21). They ob
tained evidence that type 1 hypersensitivity in atopic subjects antagonizes the
effect of cellular immunity locally that induces prominent inflammation to elimi
nate the invading fungus from the skin. In parallel with these in vivo observations,
in vitro assays ofT-lymphocyte functions also demonstrated a deficiency of cellu
lar immunity as well as a high incidence of atopy in individuals with chronic
dermatophytosis (22,23). Thus, it is reasonable to presume that the exposure to
fungal allergens induces at first Th I-lymphocyte-dependent, delayed-type hyper
sensitivity in every individual and that those with an atopic background tend to
develop Th2-cell-dependent IgE antibody production later.

In fact, the incidence of positive patch testing with trichophytin, the der
matophyte allergen, on the skin partially stripped with tape was demonstrated to

be statistically marginally low (p < 0.1) in dermatophytosis patients with evi
dence of atopy compared with nonatopic patients (6). In various types of dermato
phytosis, a high frequency of this response is observed in patients with the vesicu
lobullous type of tinea pedis, whereas a very low incidence is observed in tinea
corporis and the squamous hyperkeratotic type of tinea pedis. Recently, we have
found that IgE antibodies against dermatophyte allergen are significantly higher
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in adult AD patients than in nonatopic patients with dermatophytosis or than
normal individuals, when measured with RAST (CAP system, Pharmacia, Upp
sala, Sweden) (Fig. 1). Most of them had no past history of dermatophytosis.
These patients have a compromised barrier function in the SC, allowing a expo
sure to various environmental fungi including dermatophytes for a long period
of time. Also, we cannot rule out the possibility of a cross-reaction to allergens
of other fungi.

Recent experimental evidence indicates that the shift from Th I to Th2 im
mune reactivity seems to occur with any antigen under a situation where persis
tent skin contact to it is maintained. Kitagaki et al. (24) found that repeated epicu
taneous application of hapten, a smaJJ molecular contact-sensitizing agent, on the
original sensitized site for 24-48 days could induce a shift from a delayed-type
hypersensitivity to an immediate-type response followed by a late reaction when
skin reactions were repeatedly elicited. There were epidermal hyperplasia, the
accumulation of large numbers of mast cells and CD4+ T cells beneath the epi
dermis, and elevated serum levels of antigen-specific IgE. We have observed that
murine Th2 lymphocytes that release IL-4, IL-5 and IL-13 upon exposure to
allergens produce an inflammatory skin response with a peak at 24 hours. In
contrast, Th1 lymphocytes that release IL-l, IL-2 and IFN-y produce skin in
flammation that has a peak at 48 hours after stimulation with allergen (25). Partic-
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Figure 1 IgE antibody level against dermatophyte antigen in patients with atopic derma
titis (AD), those with tinea, and normal controls measured with RAST. Far higher IgE
levels were noted in AD patients.
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ularly, such circumstances can easily occur in AD patients, because their skin
shows extensive xerotic changes with cracks and fissures in addition to many
scratch marks. Moreover, they have a propensity to develop Th2-dependent im
mune reactions to various substances more readily than normal individuals.

IV. SKIN REACTIVITY TO CANDIDA ALBICANS ANTIGEN

Delayed contact sensitivity to dermatophyte occurs only after the inflammatory
changes of dermatophytosis. By contrast, although neonates do not show any
skin reactions to C. albicans allergen, most healthy adults show positive, delayed
type patch test reactions to C. albicans allergen without any history of cutaneous
candidiasis (l,7 ,26,27). These findings indicate that everybody has been infected
at least once by C. albicans early in life, with a skin change being overlooked
as a mild diaper dermatitis or nonspecific intertrigo. Because it is such a potent
contact sensitizer, the patch test with C. albicans allergen can be used as a pro
spective measure to evaluate patients' immune function. Its contact sensitivity
is reduced in patients with autoimmune diseases or elderly patients with skin
malignancies who have a deficiency in cellular immunity (7). Moreover, it is
remarkable that adult AD patients tend to show decreased contact sensitivity to
C. albicans together with enhanced immediate hypersensitivity to this antigen,
showing also high RAST scores (Fig. 2). Namely, many of them show a shift
from Thl to Th2 reactivity. This shift is observed against no other aeroallergens
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Figure 2 Cumulative frequency distribution of the radioallergosorbent test (RAST).
Fifty percent corresponds to the median ofRAST scores. They are much higher in patients
with AD than in healthy controls. AD, Atopic dermatitis; ARD, atopic respiratory disease;
HC, healthy age-matched control subjects. (Modified from Ref. 2.)
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to such a degree (2). AD patients who have contact sensitivity to a certain allergen
such as dust mite or cedar pollen usually show higher levels of specific IgE
antibodies against the same allergen than healthy controls (2,26). Thus, a definite
shift from Th 1 to Th2 reactivity is observable only for C. albicans allergen in
AD patients. Moreover, when we studied the immune reactivity of adult patients
with atopic respiratory diseases (allergic rhinitis and atopic asthma), their reactiv
ity profile was unchanged from that of normal adult~. Namely, they showed a
high incidence of contact sensitivity with a low RAST score against C. albicans
antigen (26). Thus, the altered reactivity against C. albicans antigen is quite
unique to AD patients. It is further demonstrable with their peripheral blood lym
phocytes (PBL). PBL from AD patients showed a significantly lower response
to C. albicans antigen, although their responses to staphylococcal superantigens
did not differ from those of healthy controls (28). All of these findings suggest
that the specific shift from Th 1- to Th2-type immune reactivity against C. albi
cans allergen takes place only in the presence of the chronic dermatititis of AD
(Fig. 3).

As mentioned above, because neonates do not show skin reactions to C.
albicans allergen, delayed-type contact sensitivity to this allergen is acquired
later in life (7). According to Munoz and Limbert (29), who examined immune
reactivity with an intradermal test against C. albicans allergen, after the first 3
months of life when the skin reactivity is quite low there is a progressive increase
in the frequency of positive delayed skin reactions. About one third of infants
under 1 year of age and four fifths of 1- to 5-year-old children showed positive
test reactions.

Our own data indicate that infantile AD patients begin to show delayed
contact sensitivity to C. albicans allergen like normal infants (Table 1). With the
persistence of the AD skin lesions, however, they tend to show a shift from
Thl- to Th2-type immunoreactivity later in life. Kimura et al. (30) found higher
Candida-specific proliferation of peripheral blood lymphocytes in children with
AD, which was not related to the levels of Candida-specific IgE antibodies. They

Table 1 Incidence of Reactors to Candida Prick Test and Scarification Patch Test

14/46 (30%)

Scarification patch test

8/9 (89%)
27/32 (84%)
7/8 (83%)

Healthy infants (1-2 years)
Healthy adults (19-38 years)
Patients with infantile atopic dermatitis (1

12 years)
Adult patients with atopic dermatitis (17-36

years)

Prick test

0/7 (0%)
1/36 (3%)
1/8 (13%)

18/43 (42%)
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further demonstrated that IL-5 production by PBL was significantly lower in
children with AD than in those with bronchial asthma (31). Thus, immune reacti v
ity against a commensal like C. albicans can be used as a parameter for the
chronicity of the skin disease; infants with a short history of AD show Th1
dependent immune reactivity to it, whereas adults with a long history of AD tend
to display Th2-dependent immune reactivity. In many adult AD patients, how
ever, there still seems to be coexistence of Thl and Th2 immunoreactivity. Our
recent analysis in adult AD patients with increased levels of IgE antibodies
against C. albicans, based on the difference in the dependency on CD80 or CD86
costimulation between T-helper type 1 and T-helper type 2 immune responses,
indicates that they are not completely shifted to a Th2 subset (32).

There is no agreement in the reported data about mucosal colonization of
C. albicans in AD patients. Although there is one report showing no difference
(33), others indicate a higher incidence of C. albicans colonization in AD patients
(34), particularly in recalcitrant cases (35,36). Thus, there is not only a possibility
of mucosal absorption but also a possibility of continuous exposure of the skin
to C. albicans allergen in severe AD patients.

There are many antigenic components including proteins and polysaccha
rides in C. albicans allergen. Akiyama et al. (37) demonstrated that acid proteases
secreted by C. albicans constitute the major antigenic materials in crude C. albi
cans extract. In contrast, antibodies to the cell-wall polysaccharide mannan of
C. albicans show cross-reaction with that of other fungi (38), especially the lipo
philic yeast Malassezia in the IgE response (39). However, despite their presence,
IgE antibodies directed to such cross-reactive carbohydrate determinants of fun
gal glycoprotein may have only poor biological activity to induce the skin im
mune response (40). By contrast, C. albicans mannan has the ability to induce
the production of Thl cytokines such as IL-2 and IFN-y in AD patients (38,
41).

V. SKIN REACTIVITY TO MALASSEZIA
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The genus Malassezia (Pityrosporum) consists of lipophilic dimorphic yeasts ex
isting as a commensal on seborrheic skin regions, i.e., the head, neck, and face.
It is etiologically implicated in tinea versicolor, pityrosporum folliculitis, and
seborrheic dermatitis in humans. Formerly denoted as P. ovale and P. orbiculare,
which are differentiated by their morphology, there are now seven species identi
fied by means of their phenotypic and biochemical characteristics as well as their
ability to assimilate polyethylene (20)-sorbitan esters: M. fuifur, M. sympodialis,
M. slooffiae, M. globosa, M. obtsusa, M. restricta, and M. pachydennatis. Mixed
strains are usually isolated from normal skin and lesional skin of seborrheic der-
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matitis or AD. M. pachydermatis can usually be isolated from warm-blooded
animal skin but only rarely from human skin.

Unlike dermatophytes or C. albicans, however, it is difficult to produce an
experimental infection with the spores of Malassezia in either humans or guinea
pigs. Because its cellular components can be shown to have a proinflammatory
property that activates the complement system (42), skin inflammation can be
easily produced by repeated applications of even heat-killed spore suspensions
on the skin of experimental animals (43). The induced inflammation is similar
to that of seborrheic dermatitis. We found that contact sensitivity to Malassezia
allergen becomes demonstrable in 5 days in hairless guinea pigs in which experi
mental inflammation was induced by the repeated applications of heat-killed
spore suspensions (unpublished data). However, it does not seems to be a potent
contact sensitizer as compared with C. albicans allergen, because the incidence
of its positive patch test reactions is much lower than that observed with the latter
in both AD patients and normal controls.

Findings that the incidence of contact sensitivity to Malassezia tends to be
higher in AD patients suggest again that they have more chances to be exposed to
the fungus allergen (44-46). As compared with C. albcians allergen, Malassezia
allergen seems to stimulate Thl-type and Th2-type lymphocytes equally, and [ow
levels of IgE antibodies are demonstrable even in normal individuals (2). How
ever, adult patients with AD (Fig. 2), particularly those with head and neck
involvement, show a rugher incidence of IgE antibodies and positive prick tests
against Malassezia allergen (2,45). Moreover, patch test-positive AD patients
are reported to show significantly higher serum levels of Malassezia-specific IgE
(46).

Malassezia is also a skin commensal of infants (19,47). Both contact sensi
tivity and IgE-mediated immediate hypersensitivity are also demonstrable in chil
dren with AD. IgE antibodies against Malassezia are reported to occur more
frequently in cruldren with AD than in those with other types of atopic diseases
(47). The sensitization to Malassezia appears to be of little importance in early
childhood AD. However, it is likely to carry a poor prognosis because severe
itch that disturbs sleep is a characteristic clinical feature of anti-Malassezia
positive cases (48).

Malassezia allergen consists of proteins and polysaccharides (39,49). At
least four protein antigens that are reactive with IgE antibodies of AD patients
have been cloned and sequenced (SO). Mannan antigen is the main cross-reacting
component. There is a highly significant correlation between the levels of anti
Malassezia IgE and IgE reacting with C. albicans (51). The higher avidity of the
former suggests that these anti-yeast IgE antibodies in AD result from sensitiza
tion to Malassezia and cross-react with C. albicans. Taken together, the presence
of inflammatory skin lesions that allow a continuous exposure to these allergens
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Figure 3 Immune responses to fungal allergens. (A) A normal healthy individual whose
skin is covered with intact stratum corneum has little chance of being exposed to fungal
allergen. Thus, he or she develops a weak Thl and/or Th2 response according to the
property of the antigenic components. (B) The skin of a patient with atopic dermatitis is
covered by compromised stratum corneum, which allows easy penetration of fungal aller
gen. With such repeated exposure, the patient begins to show a more prominent Th2
dependent immune response than Thl-dependent reaction.

through the skin is important for the development of these types of immune reac
tivity.

VI. MOLD HYPERSENSITIVITY

Molds are the main components of aeroallergens. However, they seem to playa
much less important role as a triggering factor in AD than C. albicans and Malas
sezia. In the outdoor air, Cladosporium and Alternaria are the most common in
Japan. However, unlike skin microflora, their number greatly changes in the in
door air according to the environment; e.g., Cladosporium, Trichoderma, Al-
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ternaria, and Rhizopus proliferate only in a humid air, whereas Aspergillus re
strictus, Penicillium, and Eruroticum can tolerate a dry environment and thus
exist as components of house dust. Moreover, they show a conspicuous seasonal
change in number, being rather high in hot and humid summers and remarkably
low in cold and dry winters. The pattern of seasonal change is just the opposite
of AD, which, in most cases, shows exacerbation in winter rather than in summer.
Moreover, their density in the air seems to greatly vary according to the distance
from the floor i.e., the lower the relative humidity, the smaller, the number of
organisms. This means that their number is very low in the air surrounding the
face and neck, where AD is most severe.

Airborne molds such as Alternaria, Aspergillus, and Penicillium, to which
adult patients with bronchial asthma show relatively high immediate hypersensi
tivity, can be a cause in some of nonatopic adult individuals of eczematous derma
titis with recurrence or aggravation every summer (52). However, aeroallergen
patch testing is of little use in the evaluation of patients with suspected nonaeroal
lergen allergic contact dermatitis, because the prevalence of positive patch test
reactions (2%) is significantly lower in them than in AD and respiratory alJergy
(19%) (53). Even in AD patients, the incidence of positive patch tests is much
lower than that against C. albicans or Malassezia (2).

IgE antibodies are detectable with a higher incidence in AD patients than
in asthmatic or nonasthmatic control subjects. However, the difference in the
prevalence as compared with that in respiratory allergy patients is not as great
as demonstrated with IgE against Malassezia (54), probably reflecting a smaller
chance of skin exposure to them than to Malassezia, which is part of the normal
skin microflora.

Children with AD also show a higher frequency of positive patch tests to
mold mix than those with mucosal allergy, but in such cases no difference is
noted in immediate hypersensitivity (55).

VII. TREATMENT OF AD PATIENTS
WITH FUNGUS ALLERGY
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The ultimate proof of whether certain allergens contribute to the lesions of AD
must be by demonstrating that their removal from the skin surface improves the
skin condition. So far there is no definite evidence indicating that fungus avoid
ance and appropriate intervention for fungus allergy improve all AD lesions.
There is controversy about the effectiveness of topical antimycotic treatment (56).
However, some patients with chronic head and neck lesions definitely show im
provement with systemic therapy targeting Malassezia or C. albicans (57-59).
It is reasonable to try antifungal therapy, either systemic or topical, in those who
have recalcitrant chronic lesions, particularly on the face and neck. In a similar
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fashion, fungal allergen avoidance may afford some patients greater comfort than
they have achieved previously.

VIII. CONCLUDING REMARKS

Fungi, both those constituting microflora of a human body like C. albicans and
Malassezia and airborne molds, contain various antigenic components such as
polysaccharides (mannan) and proteins. They induce Thl- and/or Th2-dependent
immune responses if they penetrate the skin. The highest incidence of cutaneous
immune responses is observed against C. albicans, being followed by Malassezia.
C. albicans allergen is a potent contact sensitizer to which most normal healthy
individuals react only with delayed contact sensitivity. Such exposure through
the skin easily occurs in patients with AD, whose persistently xerotic skin has
cracks and many scratch wounds that provide openings even to large molecular
fungal allergens. Individuals with atopic histories tend to develop IgE-mediated
immune reactions against various aeroallergens, which are mostly derived from
other living organisms, including fungi. However, when tested with C. albicans
antigen, most children with AD demonstrate only delayed hypersensitivity in a
fashion similar to normal individuals or those with allergic respiratory diseases.
In contrast, adult patients with AD show a markedly high incidence of immediate
hypersensitivity with reduced contact sensitivity. Therefore, after continual expo
sure to fungal allergens for a prolonged period, AD patients seem to show a shift
from a Thl to Th2 dominance of the immune response even to an allergen that
will normally stimulate Thl lymphocytes to induce contact sensitivity in most
individuals (Fig. 3). Although fungal allergy in AD patients may not be the pri
mary cause for their skin disease, it can be an aggravating factor. Thus, it is
worthwhile to try antifungal therapy, either systemic or topical, in patients who
have recalcitrant chronic lesions, particularly on the face and neck.
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Atopic eczema (AE), or atopic dermatitis, is an inflammatory, chronically relaps
ing skin disease with a high prevalence of 2-5% (in children and young adults
about 10%) 0-3). The discussion on the pathophysiology of AE is mirrored by
the different names it has been given, such as prurigo Besnier, neurodermatitis,
endogenous eczema, and neurodermitis constitutionalis siva atopica. Atopy is a
very common finding in patients with this disease and their families (3-5). Atopy
is defined as a familial tendency towards the development of certain diseases
(extrinsic bronchial asthma, allergic rhinoconjunctivitis, and/or atopic eczema)
based on a hypersensitivity of skin and mucous membranes against environmental
substances. This is associated with elevated IgE production and/or altered unspe
cific reactivity (6,7). AE is also clinically defined by a typically age-related distri
bution and morphology (1,4,8,9).

The increased production of IgE is a result of an impaired balance of the
CD4-positive T-helper-cell populations Thl and Th2 with a predominance of
interleukin (IL)-4 and IL-13 producing Th2 cells 00-14). IL-4 induces IgE syn
thesis 03,15) and inhibits the production of interferon (lFN)-y on the level of
transcription (15). The inflammatory infiltrate of AE lesions consists to a large
proportion of T-helper cells. This concept is described elsewhere in this volume
in more detail. AE is a multifactorial disease with a large number of individually
different trigger factors (16-19). With regard to the Th2-driven immunopatho
physiology in AE and other atopic diseases and the known epidermal barrier
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function disturbance in AE (20), a clinical fact seems to be of special interest:
some patients with AE report exacerbations of their skin lesions after contact with
certain aeroallergens like house dust mite, pollen, or animal dander. Appropriate
avoidance strategies, on the other hand, often improve the course of AE (21
25). Aeroallergens, among other environmental influences, can play an important
role as a trigger factor of AE (26,27). Thus, the identification of an allergic flare
caused by aeroallergen contact is not only of theoretical, but also of essential
practical significance for the patient. In such a case, a full remission of AE can
only be expected when the relevant allergen is avoided. As in classical contact
eczema diagnosis, in which the patch test is established to evaluate the specific
cellular reaction of a contact allergy (28-30), it should be possible to obtain such
a diagnostic tool for aeroallergen-triggered AE.

II. PROBLEMS OF DIAGNOSIS OF ALLERGIES
IN ATOPIC ECZEMA
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IgE-mediated sensitizations are usually diagnosed by detennination of specific
serum IgE and skin tests, which are read after 20 minutes: skin prick test or
intracutaneous injections of allergen solutions (6,29). However, the mostly multi
ple sensitizations in AE remain often unclear with regard to their clinical rele
vance. Also, wheal-and-flare skin test reactions are neither intended to simulate
the clinical picture of eczema, nor do they depict the appropriate dimension of
skin immune system. In 1937 Rostenberg und Sulzberger (31) described a total
of 12,000 patch tests with a wide variety of allergens, including aeroallergens in
different patient groups. A patch test with aeroallergens especially for AE patients
was first published 1982 by Mitchell et a1. (32). Some groups tried to reproduce
their results with different methodological approaches (27,33-41). Stratum cor
neum abrasion (32,42,43), tape stripping of the uppermost skin layer (44-46), and
addition of sodiurnlaurylsulfate (47) were used to enhance allergen penetration.
Studies of aeroallergen patch testing on untreated, nonabraded skin were an ex
ception (48). Accordingly, the number of positive reactions in these experimental
systems varied (15-100%). This was also due to differences in allergen content
of the used allergen preparations. Moreover, the physical measures to enhance
allergen penetration may have irritative effects and hamper the reading of the
test reactions. An atopy patch test (APT) study from our group with aqueous
skin prick test preparations showed 30% positive reactions but no clear correla
tion with history or the classical tests of IgE-mediated hypersensitivity (skin prick
test and specific IgE in the CAP-RAST) (48). Thus, controversy remained about
the clinical utility of the APT.

Due to the position of the epicutaneous patch testing of immediate-type
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allergens between the classical reaction type I and type IV (Coombs and Gell),
the term "atopy patch test" was proposed with the following definition: an epicu
taneous patch test with allergens known to elicit IgE-mediated reactions, and the
evaluation of eczematous skin lesions (49,50).

The aim of the atopy patch test is the identification of the patient group
suffering from aeroallergen-induced AE flares. Due to the high molecular struc
ture of used allergens. clear test results require an optimized galenic preparation.
Irritation of the atopic skin should be avoided. If an allergen can elicit eczema
exacerbations locally by direct skin penetration, the penetration enhancers for
merly used should theoretically be not necessary. The allergen panel has to be
fitted to the most common sensitizations in AE patients. Finally, for practical
purposes the APT methods should resemble those of the patch test for classical
(type IV) contact allergy. We investigated methodological aspects and clinica
covariates of the APT in order to obtain a test for clinical use.

III. APT MATERIALS AND METHODS
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We performed APT studies with allergen Iyophilisates from house dust mite
(Dermatophagoides pteronyssinus), cat dander, and grass pollen. Later, birch
and mugwort pollen were also included. Lyophilisates were provided by Allergo
pharma (Reinbek, Germany) and preparations for testing according to our study
plans were made by Hermal (Reinbek, Germany). Petrolatum and hydrogel
(methylcellulose) vehicles were compared. Allergen dose varied between 500
and 10,000 protein nitrogen units (PNU) per gram in different trials. The studies
with PNU-based preparations were sustained by a trial using biologically stan
dardized (200 IR/g) extracts by Stallergenes (Antony, France), (Fig. 1).

The test substances were applied in large Finn chambers (12 mm diameter)
on clinically uninvolved, nonabraded, and untreated back skin. In control areas,
vehicles without allergens were tested. A 0.5% solution of sodium lauryl sulfate
was simultaneously tested as an irritative model. Results were evaluated after 48
and 72 hours. Grading of positive APT reactions resembled the criteria used in
conventional contact allergy patch testing (ICDRG rules, 28-30). All APT stud
ies were performed after discontinuation of antihistamines and systemic and topi
cal (test area) steroids for at least 7 days.

APT with 1,000 and 10,000 PNU/g of the most conunon allergens in petro
latum and hydrogel were compared in 36 patients with atopic eczema in a pilot
method trial (51). After 48 hours the reactions of 17 patients were graded as
clear-cut positive. Allergens in petrolatum elicited twice as many APT reactions
as allergens in hydrogel vehicle. Also, the higher allergen concentration increased
the reactivity to APT significantly, as previously shown by others (46). Thirty-
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Figure 1 APT with grass pollen in a patient with atopic eczema: eczematous reaction
after 48 hours.

six percent of patients reacted to house dust mite (D. pter.), 22% to cat dander,
and 16% to grass pollen. Ten nonatopic controls and 4 patients suffering from
allergic rhinoconjunctivitis only were also tested and showed no positive APT
reactions. Irritant sodium lauryl sulfate reactions (33% of patients), clinically
distinguishable from APT by their clear-cut limitation to the Finn chambers, were
not correlated with APT reactivity. Thus, al1ergen penetration without previous
alteration of the skin barrier was shown to occur in patients with AE, but not in
controls. The use of lipophilic petrolatum vehicles, initially not expected to give
better results, is now widely accepted for APT systems and has since been stan
dard in our further investigations.

Suitable allergen concentrations for the APT were obtained in a dose-re
sponse double-blind multicenter study involving 253 adult patients and 30 chil
dren with atopic eczema (52,53) (Table 1). This study investigated the important
allergen concentration range from 5,000 to 10,000 PNU/g. The allergen dose
with the most clear-cut results (positive or negative) could be determined for the
most frequent aeroallergens-house dust mite, cat dander, and grass pollen-by
means of a two-step McNemar-statistics. For D. pter. and cat dander, 5000-7000
PNU/g gave the best results. Grass pollen may be tested with 5000 PNU/g. For
children, lower allergen doses seem possible (53). The allergen doses of 7000,'
PNU/g and 200 IR/g (biological unit) showed comparable concordance with th
patients clinical history as a substitute for clinical relevance (Table 2).
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Skin prick slgE APT

C A C A C A

D. pter. 67% 59% 40% 56% 41% 34%
Cat dander 43% 54% 43% 49% 17% 12%
Grass pollen 57% 65% 57% 75% 15% 18%
Birch pollen (n = 88) n.d. 65% n.d. 65% n.d. 11%

Table 1 Clinical Covariates of the APT in a Randomized, Double-Blind Multicenter Trial

C

30%
23%
20%
n.d.

History

A

52%
23%
33%
13%
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A: Adults 15-63 y; n = 253, 3,000-10,000 PNU/g.
C: Children 5-14 y; n = 30,300-5,000 PNU/g.
slgE, Specific IgE; APT, atopy patch test; history, aeroallergen-specific history of eczema flares after allergen conta~;Q,yter., Derf!latophagoides pteronyssi
nus (house dust mite); PNU. protein nitrogen units.
Source: Data from Refs. 52, 53.
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Table 2 Comparison of Biological and PNU-Based Standardization of
APT Preparations

Standardization: 7000 PNU/g 200lR/g

Corresponding history: yes no yes no

D. pter., n 25 25 31 19
Cat dander, n 36 14 37 13
Grass pollen, n 39 11 39 11
Birch pollen, n 41 9 38 12

Total, % 71 29 73 27

400 APT in n = 50 patients with atopic eczema.
PNU, Protein nitrogen units; IR, reactivity index (biological unit: skin prick test with
100 lR elicits mean 7 mm wheal diameter in sensitized patients). Both standardizations
show comparable concordance of APT with clinical allergen-specific history.

IV. PATIENTS WITH HIGHER APT REACTIVITY
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A clinical picture resembling airborne contact dermatitis may also be predictive
in patients with AE. According to their eczema pattern, 57 patients were divided
into two subgroups (54). Group I (n = 26) patients had eczematous skin lesions
predominantly on air-exposed areas: hands, lower arms, head and neck area, and
ankles. In group II, 31 patients were compared as a control group without a
conspicuous distribution of skin lesions. APT were applied in four concentrations
from 500 to 10,000 PNU/g. In 53% of patients, at least one APT reaction was
graded as clear-cut positive. The percentage of patients with clear-cut positive
reactions was significantly higher in group I patients with eczematous skin lesions
predominantly in air-exposed areas (69%) compared with group II (39%; p =

0.02). A clear dose-response relationship between allergen concentration and
number of patients with a positive APT result was obtained in both groups. Also,
in the same patient exposed to an allergen, the strength of reaction typically
increased with the allergen concentration in a dose-dependent manner. However,
the mode of this dose-dependent increase in positive results in group I differed
significantly from group II (p = 0.03). Both groups were best differentiated with
5000 PNU/g. In group I, the last concentration step doubling allergen concentra
tion to 10,000 PNU/g increased APT reactivity only in 11 %. The effect was
independent from reaction intensity or kind of allergen. It was corroborated for
grass pollen and cat dander in other studies (52,55). The results of this study
confirmed that aeroallergens are able to elicit eczematous skin lesions in a dose
dependent way in different groups of patients with atopic eczema when applied
epicutaneously. Patients with a predictive history of eczema flares after contact
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with a specific allergen also show significantly more often positive APT reactions
to this allergen (see below).

v. APT AND CLASSICAL TESTS OF IgE-MEDIATED
SENSITIZATION

In all studies, the frequency of positive APT was lower than the numbers of
positive skin prick tests or radioallergosorbent tests in the investigated patient
group, but the individually positive APT allergen pattern of the patients varied
with their skin prick test and specific IgE results. Of patients with D. pler.

positive APT, 62% showed a corresponding positive skin prick test and 77% a
corresponding elevated specific IgE. This results in allergen-specific concordance
of 0.53 (skin prick) and 0.69 (specific IgE). For APT with cat allergen the concor
dance is 0.5 for skin prick and 0.67 for specific IgE; in grass pollen APT concor
dances of 0.39 (skin prick) and 0.42 (specific IgE) were observed (51).

The results of the larger German multicenter study are shown in Table 1
(percentages calculated with regard to n, including patients with questionable
results and 10 dropouts). Patients were tested with D. pIer., cat dander, grass
pollen, and in two study centers (n = 88) with birch pollen and mugwort pollen
(data not shown) in petrolatum. APT reading was done 48 and 72 hours after
application and after obtaining skin prick tests and specific serum IgE determina
tion and a detailed history on aeroallergen-induced eczema flares. Cross-table
analysis and logistic regression revealed significant concordances of APT results
with history, skin prick test, and specific corresponding IgE for D. pIer., cat
dander, and grass pollen (p < 0.001). However, the results also showed that high
allergen-specific IgE in serum is not mandatory for a positive atopy patch test,

Table 3 Cross-Tabulation of Atopy Patch Test
and Specific IgE (CAP) Results in a Multicenter Study

Fisher's exact test, p < 0.00001.
APT 48 h results in adult patients: house dust mite D. pter.
APT and specific IgE are significantly associated. In 18% of patients
with clear-cut positive APT, no specific IgE to the conesponding
aeroallergen was detected.
Source: Data from Ref. 52.

APT neg.
APT pos.
Total

CAPO

49
13
62

CAP pos.

29
60
89

Total

78
73
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and the same holds true for the correlation with skin prick tests. An example is
given in Table 3. One may conclude that the APT may give further diagnostic
infonnation in addition to a patient's history and classical tests of IgE-mediated
hypersensitivity. On the other hand, a role for IgE in the reaction mechanism of
APT is suggested, since in most APT-positive patients elevated specific IgE was
found compared to those with negative APT.

VI. CLINICAL RELEVANCE AND ALLERGEN-SPECIFICITY
OF APT
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A prospectively obtained history of allergen-induced eczema exacerbation can
be used as proof of clinical relevance of an allergy test result. The phenomenon
of "summer eruption" of AE is well known. About one third of AE patients
report eczema flares during spring and summer, the pollen seasons of birch and
grass (5). Also, according to our results, one third of patients with specific IgE
to grass pollen develop a positive APT result to this allergen (52). We tested 79
patients with an APT with 10,000 PNU/g grass pollen allergen mixture (Holcus
lanatus, LJactylis glomerata, Lolium perenne, Phleum pratense, Poa pratensis,
and Festuca pratensis) in petrolatum and simultaneously with 10 mg dry unpro
cessed pollen of Dactylis glomerata grass (55). Again, the APT results were
compared with history, skin prick tests, specific corresponding IgE, and the ec
zema pattern. In this study, significantly higher frequencies of positive APT with
both methods were seen in patients with corresponding history of exacerbation
of their eczema in the summer months of the previous year and/or in direct con
tact with grass (12 of 79 patients; 75% had positive APT) compared to patients
without this history (67 of 79; 16% had positive APT; p < 0.001). There was
also a significant concordance of standardized and unprocessed grass pollen APT.
The standardized allergen mixture also correlated with eczema pattern, skin prick,
and specific IgE (p < 0.01). The fact that unprocessed pollen elicited eczematous
skin reactions on nonpretreated skin of atopic eczema patients (in healthy and
rhinoconjunctivitis controls, no positive reactions were observed) with good cor
relation to history suggests that pollen are involved in eczema flares in some
patients. When comparing such calculations for seasonal pollen allergens with
the most frequent allergen eliciting APT reactions, house dust mite, one has to
keep in mind that a history on "house dust-elicited eczema flares" is by far
more difficult to obtain.

In the Gennan multicenter study, 13-52% of the 253 adult patients reported
previous eczema flares after contact with specific allergen (Table I). APT results
of D. pter., cat dander, and grass pollen were statistically significantly associated
with clinical history in chi2

- and logistic regression analysis (p < 0.001; birch
pollen, p = 0.1). The association of clinical history and APT was a starting point
to calculate comparative sensitivity and specificity of the classical and new tests.
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Table 4 Sensitivity and Specificity of Different Diagnostic
Methods with Regard to Patient History in Two Studies with
AE Patients
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Test Sensitivity" (%) Specificity' (%)

Multicenter study n = 253, 3 allergens
Skin prick 69-82
RAST 65-94
APT 42-56

Single center study n = 79; allergen: grass pollen
Skin prick 100
RAST 92
APT 75

44-53
42-64
69-92

33
33
84

APT shows a higher specificity but lower sensitivity compared to skin prick
test and measurement of specific IgE. For the APT, better results are ob
tained with a seasonal allergen.
, Referring to predicti ve history of eczema exacerbations in pollen season

or in direct contact with allergen, excluding questionable cases, depending
on allergen.

Source: Data from Refs. 52, 55.

The APT showed a higher specificity (depending on allergen) with regard to
clinical relevance of an allergen as compared to skin prick test and specific IgE,
but also under certain conditions lower sensitivity (sensitivity and specificity from
both studies are given in Table 4).

Evidence for the allergen-specificity of APT reactions also comes from the
association with specific IgE and the patients individual skin prick test results.
As shown above, this association is significant, but far from 100% (Table 3). In
a subgroup of our patients in the multicenter trial, specific activation of T cells
in peripheral blood was compared with the patient's APT result. Also, specific
lymphocyte proliferation was investigated in these patients (56). Positive APT
reactions were significantly more frequent in patients with elevated CD 54+ or
CD 30+ T cells after in vitro stimulation with the corresponding allergen. In
addition, positive APT were associated with an allergen-specific lymphocyte pro
liferation (p < 0.001). These findings argue against the interpretation of APT
results as irritative or nonspecific. There was no correlation of APT reactivity
and eczema severity (SCORAD) (57) in these AE patients (56).

Langerhans cells bind and present allergens, which penetrate the impaired epider
mal barrier in atopic eczema patients. The role of IgE in antigen presentation

VII. IgE AND LANGERHANS CELLS IN AE AND APT u
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was shown by the group of Stingl (58). This concept, described elsewhere in this
volume in more detail, is derived from studies showing IgE and 19B-binding
structures on the surface of epidermal Langerhans cells (59-62) together with
mite allergen (63). From APT biopsies, allergen-specific T cells have been
cloned. These T cells showed a characteristic Th2 secretion pattern initially,
whereas after 48 hours a Thl pattern as seen in chronic AE lesions was predomi
nant (64-66). Within the APT lesions, the inflammatory infiltrate is dominated
by T lymphocytes with a T4: T8 ratio of 2-6: I and, to a lesser degree, of Langer
hans and indeterminate T6+ cells, when irnmunostaining is performed (37). A
similar situation is found in natural lesions of atopic eczema characterized also
by a predominance of CD4+ T cells (11). Other cell populations may also be
involved in the initiation and perpetuation of APT reactions. Among these are
basophi[s, present in the infiltrate after 48 hours (32), and activated eosinophils
(44).

VIII. ROLE OF APT IN DIAGNOSIS IN AE PATIENTS
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The described APT methodology was evaluated in a large group of patients with
AE. For patients with aeroallergen-triggered disease, this test may provide
an important diagnostic tool. At least in a subgroup of patients with AE, IgE
dependent allergic reactions elicited by the transdermal route playa pathophysio
logical role. This underscores the importance of appropriate allergy diagnosis in
AE. As for bronchial asthma and rhinoconjunctivitis, the results of our studies
sustain Wiithrich's concept of extrinsic/allergic versus intrinsic/cryptogenic
atopic eczema with a heterogeneity of disease subgroups. From this point of view,
the APT is a provocation test of the skin in analogy to the specific provocation
methods in respiratory atopy. Some evidence for the practical relevance of posi
tive APT reactions may be drawn from an early report on 18 patients by Clark and
Adinoff (27,33). These authors described a positive experimental APT reaction in
combination with a detection of specific IgE antibodies in skin prick tests associ
ated with aeroallergens they identified in the patients' environment.

Questions remain concerning the clinical relevance of positive APT re
sults in patients with a negative history and negative skin prick tests or RAST,
since no gold standard exists for the provocation of eczematous skin lesions in
aeroallergen-triggered atopic eczema. These questions may only be answered by
controlled studies using specific provocation and elimination procedures in pa
tients with positive and negative APT results. The final scientific proof for the
relevance of aeroallergens identified by positive APT reactions for the manage
ment of the atopic eczema in the identified patients is still missing, but appropriate
allergen specific avoidance strategies (21,22,24,67,68) are recommended in pa
tients showing positive APT reactions. The diagnostic validity of APT in routine
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diagnosis of aeroallergen-triggered atopic eczema is investigated in ongoing con
trolled studies. We are currently coordinating a European multicenter study with
biologically standardized APT extracts of the European Task Force on Atopic
Dermatitis (ETFAD). Standardization of major allergen content is an important
goal for the future. Meetings of most groups performing APT for clinical use in
Europe were held on April 11, 1997, and June 30, 1998, in Munich. One result
of these meetings is a consensus APT reading key for describing the intensity
of APT reactions, which will be further evaluated. The European multicenter trial
also deals with the investigation of food allergen patch testing. Further aeroaller
gens of regional significance are to be standardized. With the ongoing studies,
a test for the clinical relevance of an aeroallergen sensitization that can be applied
in the allergist's practice may evolve. The identified subgroup of patients may
profit extraordinarily from allergen avoidance. More controversially, the APT
may also prove valuable in selecting patients for specific immunotherapy.

IX. SUMMARY AND CONCLUSIONS

Aeroallergens are relevant eliciting factors of atopic eczema. The atopy patch
test is an epicutaneous patch test with allergens known to elicit IgE-mediated
reactions used to evaluate eczematous skin lesions. It can be used for the diagno
sis in atopic eczema patients with suspected allergy to aeroallergens like house
dust mite, cat dander, or pollen. The atopy patch test gave the most specific
results with regard to clinical history as compared to the classical skin prick and
radioallergosorbent tests.
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Conventional Topical Treatmen I

of Atopic Dermatitis

Mark Boguniewicz
National Jewish Medical and Research Center, and University of
Colorado School of Medicine, Denver, Colorado

I. GENERAL MEASURES

Education of patients and their families is a critical component of successful
management of atopic dermatitis (AD) (1). Learning about the course of AD
along with exacerbating factors is important in dealing with a chronic illness.
Adequate time and teaching materials are necessary to provide effective educa
tion. Most patients or parents will forget or confuse the skin care recommenda
tions given them without written instructions. For many patients, a written step
care treatment plan will lead to improved outcomes. Patients or parents should
demonstrate an appropriate level of understanding of the recommendations, and
these should be adjusted and reviewed on follow-up visits. Educational brochures
and videos can be obtained from the Eczema Association for Science and Educa
tion (800-818-7546 or www.eczema-assn.org) or the Lung Line (800 222-LUNG
or www.njc.org). Patient-oriented support groups and updates on progress in AD
research may also benefit patients.

II. IDENTIFICATION AND ELIMINATION
OF EXACERBATING FACTORS

A. Irritants

Patients with AD have a lowered threshold of irritant responsiveness (2). Tabata
et al. (3) showed that an abnormal stratum corneum is present even in nonin-
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volved AD skin and is associated with increased diffusional water loss 7 days
after application of a topical irritant, confirming a functional abnormality. Fur
thermore, the irritant was shown to induce inflammatory changes including
spongiosis, perivenular mononuclear infiltrate, along with activated eosinophils.
Thus, in AD, similarly to the other atopic diseases, both specific and nonspecific
triggers may contribute to chronic inflammation. These studies also support the
important concept that normal-appearing skin in AD is in fact abnormal. Identi
fying and avoiding irritants is integral to the successful management of this dis
ease. Soaps should be used sparingly and have minimal defatting activity and a
neutral pH. In one comparative study, 18 soaps and cleansers were rated for
irritancy using a chamber test (4). The study rated erythema, scaling, and fissuring
and found Dove® to be the mildest. Other mild cleansers available in sensitive
skin formulation include Oil of Olay®. Of note, a recent double-blind study
looked at whether daily bathing with an antibacterial soap would reduce the num
ber of Staphylococcus aureus on the skin and result in clinical improvement of
AD (5). Over a period of 9 weeks, 50 patients with moderately severe AD bathed
daily with either an antimicrobial soap containing 1.5% triclocarban or a placebo
soap. The antimicrobial soap regimen caused significantly greater improvement
in the severity and extent of skin lesions than the placebo soap regimen, which
correlated with reductions both in S. aureus in patients with positive cultures at
baseline. Overall, daily bathing with an antibacterial soap was well tolerated,
provided clinical improvement, and reduced levels of skin microorganisms.
While antibacterial cleansers may reduce staphylococcal colonization, they may
be too irritating for some patients with AD. Alcohol and astringents found in
skin care products can be drying, and exposure to them should be minimized.
New clothing should be laundered prior to wearing to remove formaldehyde and
other chemicals. Residual laundry detergent in clothing may be irritating, and
using a liquid rather than powder detergent and adding a second rinse cycle to
facilitate removal of the detergent may be helpful. Occlusive clothing should be
avoided, and open-weave, loose-fitting cotton or cotton blend garments substi
tuted.

Temperature in the home and work environments should be temperate with
moderate humidity to minimize sweating. Patients generally do better in an air
conditioned environment. Swimming is usually well tolerated; however, since
pools typically are treated with chlorine or bromine, patients should shower and
use a cleanser to help remove these drying chemicals afterwards, then apply a
moisturizer. Sun exposure can lead to evaporation or overheating and sweating,
both of which can be irritating. While ultraviolet rays in sunlight may be benefi
cial to some patients, photodamage can occur. Sunscreens should be used to pro
tect the skin, and preparations made specifically for use on the face are often
best tolerated by patients with AD.
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B. Allergens
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Clinical studies support the role of contact with aeroallergens causing exacerba
tions of AD (discussed in Chapter 17). Epicutaneous application of aeroallergens
to uninvolved skin by patch test techniques results in eczematoid reactions in
approximately 50% of aeroallergen-sensitized patients with AD (6,7). Positive
reactions have been described with a number of allergens including house dust
mite, pollens, animal danders, and molds. Corroborating laboratory data include
the finding of specific IgE antibodies to inhalant allergens in most patients with
AD. Ninety-five percent of sera from AD patients had IgE to house dust mite
allergen compared with 42% of asthmatic subjects (8). The degree of sensitization
to aeroallergens is directly associated with the severity of AD (9). The isolation
from AD skin lesions and allergen patch test sites ofT cells that recognize Derma
tophagoides pteronyssimus (Der pI) and other aeroallergens provides further
evidence that the inflammatory response in AD can be elicited by inhalant aller
gens (l0).

Environmental control measures aimed at decreasing dust mite load have
also been shown in a double-blind controlled trial to improve AD in those patients
who demonstrate specific IgF. to dllst mite allergen (11). Recently, the lise of
polyurethane-coated cotton encasings was compared to cotton encasings in a 12
month study of adults with AD (12). Eczema severity decreased in both groups
but was more pronounced in patients using the treated covers. House dust mite
exposure and specific IgE both decreased significantly in the active treatment
group. Of note, patients not sensitized to house dust mite benefited from use of
the allergy-proof covers as much as the sensitized patients. The authors speculate
that impermeable covers may reduce exposure to other allergens (such as furred
animals or yeast), irritants, or possibly superantigens. Dust mite control measures
include use of dust mite-proof encasings on pillows, mattresses, and box springs;
washing bedding in hot water weekly; removal of bedroom carpeting; and de
creasing indoor humidity levels with air conditioning. HEPA filters are not partic
ularly effective in reducing dust mite allergen levels and in addition have not
been shown to improve clinical signs in pet-associated asthma and allergic rhinitis
(13).

Atopic dry skin shows an enhanced transepidermal water loss denoting an im
paired water permeability barrier function (14,15). The water permeability barrier
is formed by intercellular lipid lamellae located between the horny cells of stra
tum corneum (16). The stratum corneum has been shown to have reduced water-
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IV. MOISTURIZERS AND OCCLUSIVES

Use of an effective emollient, especially when combined with hydration therapy,
will help restore and preserve the stratum corneum barrier (21). Emollients may
also decrease the need for topical corticosteroids (22). Moisturizers are available
in the form of lotions, oils, creams, and ointments. In general, ointments have
the fewest additives and are the most occlusive, although in a hot, humid environ-

binding capacity when measured with an in vitro microbalance technique (17).
In addition, transepidermal water loss measured with an evaporimeter is increased
from both involved and normal-appearing atopic skin, and water content is de
creased when measured with a corneometer. There have also been some reports
that patients have decreased ceramide levels in their skin, which may contribute to
reduced water-binding capacity, higher transepidermal water loss, and decreased
water content (18).

In addition, bathing may also remove allergens from the skin surface and
reduce colonization by S. aureus. Despite a drying or irritating effect, swimming
in chlorinated pools results in clinical improvement in some patients with AD.
Of interest, balneotherapy in acidic hot springs has been shown to help some
patients with refractory AD (19). More recently, manganese and iodide ions in
the latter have been shown to have a bactericidal effect on S. aureus (20).

Hydration, therefore, is an important component of successful therapy in
AD. This can be accomplished by bathing or soaking the affected area for 15
20 minutes in warm water. Hydration of the face or neck can be achieved by
applying a wet washcloth or towel to the involved area. A wet washcloth may
be better tolerated when eye and mouth holes are cut out, allowing the patient
to watch TV or engage in other activities. Isolated hand or foot dermatitis can
be treated with soaks in basins. Baths may need to be taken on a long-term daily
basis and may even need to be increased to two or three times daily during flares
of AD. On the other hand, showers may be appropriate for patients with mild
disease. Addition of substances such as oatmeal or baking soda to the bath water
may be soothing to certain patients but does not promote increased water absorp
tion. Bath oils, on the other hand, may give the patient a false sense of lubrication
and can make the bathtub slippery.

After hydrating the skin, patients should gently pat away excess water with
a soft towel and immediately apply an occlusive preparation. Since wet skin is
more penneable to water, it is essential that the skin be covered within the first
few minutes to prevent evaporation. Appropriate use of hydration and occlusives
will help to reestablish the skin's barrier function. It is critical for patients and
their families to understand the concept of proper hydration in order to achieve
optimal control of their disease.
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ment their use may lead to trapping of sweat with associated irritation of the skin.
Lotions and creams may be irritating due to added preservatives, solubilizers, and
fragrances. Lotions contain more water than creams and may be drying due to
an evaporative effect. Oils are also less effective moisturizers. Recently, the ef
fects of daily moisturizer therapy, while not inducing any change in the water
barrier function of the stratum corneum or in the size of desquamating corneo
cytes (a parameter for turnover rate of the stratum corneum), were shown to
substantially increase high-frequency conductance (a parameter for the hydration
state of the skin surface) (23). This approach allows for ranking the efficacy of
moisturizers according to either the duration of the lasting effects or the magni
tude of an increase in the hydration levels of the stratum corneum.

Moisturizers should be obtained in the largest size available since they
usually need to be applied several times each day on a long-term basis. Crisco®
shortening can be used as an inexpensive moisturizer. An occlusive such as petro
leum jelly (Vaseline®) can be used as a sealer after hydrating the skin; however,
it should be noted that petroleum jelly is not a moisturizer and is most effective
when used in conjunction with hydration. Urea-containing preparations have been
used in AD primarily to treat the associated xerosis, as application on open, exco
riated areas results in burning and discomfort. A recent study investigated the
influence of treatment with a urea-containing moisturizer on the barrier properties
of atopic skin with a twice-daily protocol (24). Skin capacitance and transepider
mal water loss (TEWL) were measured at the start of the study and after 10 and
20 days. On day 21 the skin was exposed to sodium lauryl sulfate (SLS), and
on day 22 the irritant reaction was measured noninvasively. Skin capacitance
was significantly increased by the treatment, indicating increased skin hydration.
The water barrier function, as reflected by TEWL values, tended to improve
(p = 0.07), and the skin susceptibility to SLS was significantly reduced, as mea
sured by TEWL and superficial skin blood flow (p < 0.05). This suggests that
certain moisturizers could improve skin barrier function in AD and reduce skin
susceptibility to irritants. In a recent double-blind, randomized study in AD, the
combination of urea and sodium chloride applied in a topical moisturizing cream
was found to be superior to the identical cream with urea alone with respect to
ability to reverse impedance indices of atopic skin towards normal, an effect
ascribed mainly to changes in hydration of the stratum corneum (25).

Alpha-hydroxy acids impact keratinization at the lowest levels of the stra
tum corneum, where tlley affect corneocyte cohesion and new 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 noninvasive methods including electrical ca
pacitance of stratum corneum, skin surface lipids, TEWL, skin surface topogra
phy, as well as the biomechanical properties of the skin (26). All patients tested
showed a significant increase in electrical capacitance, skin surface lipids, exten-
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sibility and firmness of the skin, and an improvement in the skin barrier function
and skin surface topography. Of potential clinical imortance in AD, Lavker et
al. (27) reported that 12% ammonium lactate mitigates epidermal and dermal
atrophy from a topically applied potent corticosteroid.

There has also been increased interest in the role of ceramides in atopic
skin (28,29). Recently, an abnormal expression of sphingomyelin (SM) deacy
lase-like enzyme in the epidermis of patients with AD has been described, which
results in decreased levels of ceramides in both involved and uninvolved stratum
corneum (30). In this study, direct enzymatic measurements demonstrated that
stratum corneum from lesional skin of AD patients has an extremely high SM
deacylase activity that is at least five times higher than in the stratum corneum
of normal controls. In stratum corneum from nonlesional AD skin, SM deacylase
activity was still at least three times higher than in normal controls. Of interest,
stratum corneum from contact dermatitis patients showed levels of SM deacylase
similar to normal controls. In extracts of whole epidermis biopsies from AD
patients, SM deacylase activities are significantly (threefold) increased over nor
mal controls in the particulate fraction, whereas there is no significant difference
in the activity of sphingomyelinase between AD and normal controls. In periph
eral blood lymphocytes of AD patients, there is no increase in activity compare
to normal controls, indicating a possibility that the high expression of SM deacy
lase is highly associated with the skin of AD patients. These findings sugges
that, in contrast to changes in sphingolipid metabolism due to aging, the hitherto
undiscovered enzyme SM deacylase is highly expressed in the epidermis of
patients and competes with sphingomyelinase or beta-glucocerebrosidase for the,
common substrate SM or glucosylceramide, which leads to the ceramide defi
ciency of the stratum corneum in AD. Of potential practical significance, whereas
an equimolar ratio of ceramides, cholesterol, and either the essential fatty acid
linoleic acid or the nonessential fatty acids palmitic and stearic acids allows nor
mal repair of damaged human skin, further acceleration of barrier repair occurs
as the ratio of any of these ingredients is increased up to threefold (31).

v. CORTICOSTEROIDS
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Topical corticosteroids have been the mainstay of treatment for AD. They reduce
inflammation and plUritus and are useful for both the acute and chronic phases
of the disease. Their mechanism of action is both broad and complex, impacting
on multiple resident and infiltrating cells primarily through suppression of in
flammatory genes (32). The complexity of the response is demonstrated in a
recent study in AD that showed that expression of IL-12 p40 mRNA, which
was significantly enhanced in lesional skin, was strongly downregulated after
treatment with topical corticosteroids for 9-10 days (33). However, IL-12 p35
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transcript levels were not affected by this treatment. Thus, the specific targets of
corticosteroids in AD remain to be fully elucidated.

A large number of topical corticosteroids are available, ranging from ex
tremely high- to low-potency preparations (Table 1). The vasoconstrictor assay,
which measures the ability of a steroid to produce blanching when applied to
normal human skin under controlled conditions, remains the gold standard for
determining the potency of a topical corticosteroids. Most authors rank topical
corticosteroids into seven potency groups (34). The vehicle the product is formu
lated in can alter the potency of the steroid and move it up or down in this
classification. Generic formulations of topical steroids are required to have the
same active ingredient and the same concentration as the original product. How
ever, many generics do not have the same formulation of the vehicle, and the
bioequivalence of the product can vary significantly (35). In general the same
steroid will be most potent in an ointment base, followed by emollient, gel, cream,
and lotion. An exception is Halog® cream, which because of added penetration
enhancers, is a class II potency corticosteroid, while Halog@ ointment is rated
class III.

Use of a particular drug should depend on the severity and distribution of
the skin lesions. Patients should be informed of the strength of topical corticoste
roid they are given and the potential side effects. Patients often make the mistake
of assuming that the potency of their prescribed corticosteroid is based solely on
the percent noted after the compound name (e.g., believing that hydrocortisone
2.5% is more potent than f1uticasone 0.005%) and may thus apply the preparations
incorrectly. As a general rule, the lowest-potency corticosteroid that is effective
should be used. However, using a topical corticosteroid that is too low in potency
may result in persistence or worsening of AD. In such cases, a step-care approach
with a mid- or high-potency preparation (although usually not to the face, axillae,
or groin) followed by low-potency preparations may be more successful. In addi
tion, patients are often given a high-potency corticosteroid and told to discontinue
it after a period of time without being given a lower-potency corticosteroid to
step down to, which can result in rebound flaring of the AD, similar to that often
seen with oral corticosteroid therapy. Occasionally, therapy-resistant lesions may
respond to a potent topical corticosteroid under occlusion, although this approach
should be used with caution and reserved primarily for eczema of the hands or
feet (36). Of note, the combination product Lotrisone® contains beclomethasone
dipropionate, a high-potency conicosteroid, and should rarely be used in AD and
never in the diaper area, face, or axillae.

Despite their widespread use, side effects are infrequent with appropriately
used low- to medium-potency topical corticosteroids, even when applied over
extended periods of time (37). With use of potent topical steroids, thinning of
the skin is the most common side effect. After many weeks of topical use, colla
gen and elastin synthesis are decreased, which can result in skin fragility, dermal
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Table 1 Representative Topical Corticosteroid Preparations

Group" Generic name Brand name Vehicle

'Group I (superpotent) through group vrr (least potent).
Source: Adapted from Ref. 34.

Cream/Lotion

Ointment/Cream/
Emollient

Solution
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Ointment
Cream
Lotion

Ointment
Cream
Ointment/Cream/Gel/

Solution
Ointment/Cream/Gel
Ointment
Cream/Lotion
Cream

Ointment/Solution
Foam
Cream/Lotion
Ointment/Cream

Ointment/Cream/
Lotion

Ointment/Cream

Ointment
Ointment
Ointment

Cream
Cream
Ointment

Cream/Solution
Oil/Shampoo
Ointment/Cream/

Lotion

Tape
Ointment/Cream
Ointment/Cream

DesOwen 0.05%

Halog 0.1%
Luxiq 0.12%
Elocon 0.1 %
Kenalog 0.1 %

EJocon 0.1%
Halog 0.1%
Lidex 0.05%

Kenalog 0.025%

Aclovate 0.05%

Synalar 0.025%
Valisone 0.1 %
Westcort 0.2%

Synalar 0.025%
Cutivate 0.05%
Kenalog 0.1 %

Psorcon 0.05%
Cyclocort 0.1 %
Diprosone 0.05%

Cormax Scalp Applica-
tion 0.05%

Cordan
Ultravate 0.05%
Diprolene 0.05%

Synalar 0.01 %
Derma-Smoothe/FS
Hytone 2.5%, 1.0%

Temovate 0.05%

Topicort 0.25%
Cutivate 0.005%
Cyclocort 0.1 %
Diprosone 0.05%

Hydrocortisone

Flurandrenolide
Halobetasol propionate
Betamethasone dipropi-

onate
Di florasone diacetate
Arncinonide
Betamethasone dipropi-

onate
Mometasone furoate
Halcinonide
Fluocinonide

Clobetasol propionate

Desoximetasone
Fluticasone propionate
Amcinonide
Betamethasone dipro-

prionate
Halcinonide
Betamethasone valerate
Mometasone furoate
Triamcinolone aceto-

nide
Fluocinolone acetonide
Fluticasone propionate
Triamcinolone aceto-

nide
Fluocinolone acetonide
Betamethasone valerate
Hydrocortisone val-

erate
Desonide

Alclometasone dipropi
onate

Triamcinolone aceto
nide

Fluocinolone acetonide

VII

VI

IV

V

III

II
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atrophy, striae, telangiectasia, purpura, and poor wound healing. In addition, hy
popigmentation, secondary infections, and acneiform eruptions may occur. Local
side effects are most likely to occur on the face and in the intertriginous areas,
and only a low-potency corticosteroid should be used in these areas on a routine
basis. Perioral dermatitis is often associated with use of topical steroids on the
face. It is characterized by erythema, scaling, and follicular papules and pustules
that occur around the mouth, alar creases, and sometimes on the upper lateral
eyelids. "Steroid addiction" describes an adverse effect primarily of the face of
adult women treated with topical steroids who complain of a burning sensation
(38). In a large retrospective review of eyelid dermatitis seen over an 18-year
period, a subgroup of 100 patients was identified who had, as the basis for their
ongoing problem, an "addiction" to the use of topical or systemic corticosteroids
(39). Their recalcitrant eyelid or facial dermatitis often resulted in the use of
increasing amounts of corticosteroids for longer periods of time, creating a vi
cious cycle leading to the steroid "addiction." These patients improved with
total discontinuation of the corticosteroid therapy. High- and super-high-potency
topical corticosteroids, especially if used under occlusion, may cause systemic
side effects along with local atrophic changes and should be used cautiously (40).

Topical steroids are available in a variety of bases including ointments,
creams, lotions, solutions, gels, sprays, foam, oil, and even tape (Table I). There
is, therefore, no need for the pharmacist or patient to compound these medica
tions. In addition, applying an emollient immediately prior to or over a topical
corticosteroid preparation may decrease the effectiveness of the latter. Ointments
are most occlusive, providing better delivery of the medication and decreasing
water loss from the skin with fewest additives. During periods of excessive heat
or humidity, creams may be better tolerated than ointments since the increase in
occlusion may result in itching or even folliculitis. In general, however, creams
and lotions, while easier to spread, may be less effective and can contribute to
xerosis. Solutions can be used on the scalp or other hirsute areas, although the
alcohol in them can be quite irritating when used on inflamed or excoriated le
sions. Ingredients used to formulate the different bases may be irritating to indi
vidual patients and may cause sensitization. In addition, it is worth remembering
that the corticosteroid molecule itself can induce allergic contact dermatitis (41).
The diagnosis is often difficult to make on clinical grounds since it can present
as a chronic or acute eczema, or even an id-like reaction with an erythema multi
forme-type rash occuring at sites distant from the contact (reviewed in Ref. 42).
Patch testing has been done primarily with tixocortol pivalate and budesonide.
However, this approach may miss allergic reactions to some corticosteroid com
pounds (43). Unfortunately, expanded testing is associated with both false
positive and false-negative reactions.

Inadequate prescription size often contributes to suboptimally controlled
AD, especially when patients have widespread, chronic disease. Patients may
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become frustrated with the need to refill prescriptions frequently, leading to de
creased adherence with the prescribed treatment regimen. In addition, dispensing
the prescribed medication in half pound or pound quantities can result in substan
tial financial savings for the patient. It is worth remembering that approximately
30 g of medication are needed to cover the entire body of an average adult.
The fingertip unit (FTU) has been proposed as a measure for applying topical
corticosteroids and has been studied in children with AD (44). This is the amount
of topical medication that extends from the tip to the first joint on the palmar
aspect of the index finger. It takes approximately one 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.

Patients should be instructed in the appropriate use of topical corticoste
roids. Application of topical corticosteroids more than twice daily increases the
chance of side effects, makes the therapy more costly, and usually does not in
crease efficacy. As the dermatitis improves, the frequency of use may be de
creased or a less potent topical corticosteroid can be substituted. Once-daily treat
ment has been shown to be effective for certain corticosteroid preparations,
including fluticasone propionate, a molecule with an increased binding affinity
for the corticosteroid receptor (45). Topical mometasone has also been studied
in children with AD and is approved for use once daily (46). Once-daily applica
tion may also help with adherence with the treatment regimen.

When the inflammatory process resolves, the topical corticosteroid can be
discontinued, but hydration and moisturizer therapy need to be continued. How
ever, since even normal-appearing skin in AD has immunological abnormalities,
the use of topical corticosteroids as "maintenance therapy" may be of benefit.
Unfortunately, there is a paucity of information on this approach. In a recent
study, Van Del' Meer et al. (47) showed that once control of AD with a once
daily regimen is achieved, long-term control can be maintained with twice
weekly therapy. In this study, the topical therapy was applied to areas that ap
peared to have healed during the maintenance phase of the study, which resulted
in delayed relapses of AD compared with placebo therapy.

In addition to their anti-inflammatory properties, topical corticosteroids
may have an effect on bacterial colonization in AD. Nilsson et al. showed that
the density of S. aureus on the skin could be reduced by topical corticosteroid
therapy (48). Furthermore, in a double-blind, randomized trial the bacteriological
and clinical effects of desonide were compared with its excipient in 40 children
with AD (49). Before treatment, no differences in clinical score or S. aureus
colonization were noted between the two groups. After 7 days of once-daily topi
cal treatment, the clinical score improved (p < 0.00 I) in the desonide group,
and S. aureus density decreased dramatically (p < O.OOI). In the excipient group,
no significant differences in clinical score or S. aureus density were noted. A
comparison of the two groups demonstrated statistically significant differences
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with regard to clinical score (p < 0.001) and S. aureus density (p < 0.05). These
results show the efficacy of topical corticosteroid treatment alone on S. aureus
colonization in atopic skin and suggest a role for inflammation in bacterial coloni
zation.

Finally, a number of patients with AD may not respond appropriately to
their topical corticosteroid. Reasons for this may include complication by superin
fection or inadequate potency of the preparation used, as discussed above. How
ever, as discussed in Chapter 8, allergen-induced immune activation can alter the
T-cell response to glucocOfticoids by inducing cytokine-dependent abnormalities
in glucocorticoid receptor binding affinity. Of note, PBMCs from patients with
chronic AD also have reduced glucocorticoid receptor-binding affinity, which
can be sustained with the combination of IL-2 and IL-4. In addition, corticosteroid
unresponsiveness may contribute to treatment failure in some patients (50). En
dogenous cortisol levels have been found to control the magnitude of cutaneous
allergic inflammatory responses, suggesting that impaired response to steroids
could contribute to chronic AD (51). Alternatively, Blotta et a1. (52) have sug
gested that chronic corticosteroid therapy can have deleterious albeit insidious
effects in allergic patients. The results, however, are based on in vitro data and
thus may not recreate the complex milieu in allergic inflammation. A much more'
practical reason for failure of corticosteroid therapy is nonadherence with the
treatment regimen. As with any chronic disease, patients or parents often expec
a quick and permanent resolution of the problem and become disillusioned by
the lack of cure with topical corticosteroids. In addition, a significant number 0

patients or caregivers admit to nonadherence with topical corticosteroids to fear
of using this class of medications (53). These findings point to the need for both
education and alternative therapies.

VI. TAR PREPARATIONS
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Prior to the advent of topical steroids, crude coal tar extracts were used to reduce
skin inflammation. The anti-inflammatory properties of tars are not as pronounced
as those of topical corticosteroids, but they are long-lasting and side effects are
fewer. Tar preparations may be useful in reducing the need for topical cortico
steroids in chronic maintenance therapy of AD. In a recent comparison with a
moderate-potency topical corticosteroid, tar therapy was found to be similar in
its ability to inhibit the influx of a number of pro-inflammatory cells as well as
in the expression of adhesion molecules in response to epicutaneous allergen
challenge (54).

Tars are currently used primarily in shampoo form for scalp inflammation
(T/Gel®, lonil T®) and as bath additives (Balnetar®). Newer coal tar products
have been developed which are better tolerated with respect to odor and staining
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of clothes. A moisturizer applied over the tar product will decrease the drying
effect on the skin. Some patients prefer a tar compounded in an ointment or
cream base such as 5% LCD (Liquor Carbonis detergents) in Aquaphor® ointment
to avoid need for multiple layers. Tar preparations may be used primarily at
bedtime to increase compliance. This regimen allows the patient to remove the
preparation by washing in the morning, thus eliminating the concern about odor
during the day and limiting staining to a few pairs of pajamas and bed sheets.
Tar preparations should not be used on acutely inflamed skin, since this may
result in skin irritation. Side effects associated with tars include inflammation of
hair follicles and occasionally photosensitivity.

VII. WET WRAPS

Wet-wrap dressing therapy acts as a barrier from trauma associated with
scratching, reduces pruritus and inflammation by cooling of the skin, and im
proves penetration of topical corticosteroids. One form of this treatment modality
involves using tubular bandages applied over diluted topical corticosteroids. In
a recent study, children with severe AD showed significant clinical improvement
after one week of treatment (55). Of note, there was no significant difference
noted using several dilutions of the mid-potency topical corticosteroid. This
would suggest that clinical benefit can be obtained with this treatment in more
severe patients even with the use of lower-potency corticosteroids. Long-term
studies with this therapy are lacking, although most of the improvement in the
latter study occurred in the first week. An alternative approach used for many
years with success at 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 (56).
Alternatively, the face, trunk, or extremities can be covered by wet, followed by
dry, gauze and secured in place with a variety of dressings like Spandage®, elastic
bandages, or by pieces of tube socks (Fig. 1). Wraps may be removed when they
dry out or may be rewet. However, it is often practical to apply them at bedtime,
and most patients are able to sleep with them on. Overuse of wet wraps may
result in chilling or maceration of the skin and may be complicated by secondary
infection. Given the cumbersome nature of this therapy, it is probably best re
served for acute exacerbations of atopic dermatitis, although it can also be used
selectively to limited areas of resistant dermatitis with minimal inconvenience.

Patients with AD have an increased tendency for the development of bacterial
and fungal skin infections (see Chapters 19 and 20). S. aureus is found in more

VIII. ANTI-INFECTIVE THERAPY
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Figure 1 Wet wrap therapy.
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than 90% of AD skin lesions. In contrast, only 5% of healthy subjects harbor
this organism (57). The density of S. aureus on inflamed AD lesions without
clinical superinfection can reach up to 107 colony-forming units (CFU) per
square centimeter on lesional skin. The importance of S. aureus is supported by
the observation that even AD patients without superinfection show a reduction
in severity of skin disease when treated with a combination of antistaphylococcal
antibiotics and topical corticosteroids (58,59). Fusidic acid in a topical com
bination with a corticosteroid has been shown to be effective in AD, and resis
tance has apparently not been a limiting factor (60). On the other hand, use of
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neomycin topically can result in development of allergic contact dermatitis as
neomycin is among the more common allergens causing contact dermatitis
(61).

Williams et a!. (62) showed that a higher rate of S. aureus colonization in
AD lesions compared to lesions from other skin disorders may be associated with
colonization of the nares. In addition, this study pointed to the importance of S.
aureus carriage on the hands, suggesting that this may be the vector for transmit
ting these bacteria from the nasal reservoir to lesional skin and in addition to
close contacts of patients. Of interest, treatment for nasal carriage with an intrana
sal antibiotic showed a trend for reduction in S. aureus carriage and hand carriage
was significantly reduced in the treated group compared with controls (63). In
addition, mupirocin (Bactroban®) applied three times daily to affected areas for
7-10 days may be effective for localized areas of acute infection with S. aureus
(64).

Although antibacterial cleansers have been shown to be effective in reduc
ing bacterial skin flora (65), they may be too irritating to use on inflamed skin
in AD. The antiseptic gentian violet has been shown to decrease S. aureus density
significantly in lesional (p < 0.001) and uninvolved skin (p < 0.001) (66). This
treatment also reduced the clinical severity of AD. Use of a 10% povidone-iodine!
solution also resulted in a 10- to 100-fold decrease in the density of S. aureu~
in patients with an initial density of > 1000 CFU/ 10 cm2 (67). Erythema an
exudation also decreased after povidone-iodine treatment in patients colonize
with high levels of S. aureus. Of interest, the authors found that S. aureus ma
produce biofilm-like structures in AD patients that may help the organisms colo-I
nizing these patients resist the disinfectant therapy. Ultimately, treatment may
need to be directed at eliminating or neutralizing the exotoxins secreted by S.
aureus that contribute to the chronic inflammation and severity of AD (as dis
cussed in Chapter 19). There has also been some interest in the role of fungi,
particularly Malasseziafurfur (Pityrosporum ovaleiPityrosporum orbiculare) as
pathogens in AD. M. furfur is a lipophilic yeast, and IgE antibodies against M.
furfur are commonly found in AD patients and most frequently in patients with
head and neck dermatitis (68). In contrast, IgE sensitization to M. furfur is rarely
observed in healthy control subjects or asthmatic patients. Positive allergen patch
test reactions to this yeast have also been demonstrated. The potential importance
of M. furfur as well as other dermatophyte infections is further supported by the
reduction in AD skin severity in patients treated with antifungal agents (69).
Other studies have not shown a clear association between AD and lipophilic
yeasts. In one study, approximately 50% of patients with antifungal IgE failed
to show specific functional activity as assessed by basophil histamine release or
skin testing (70). Most likely, this was due to nonspecific interaction of fungal
elements with IgE. Thus, the clinical significance of fungi in AD remains unre
solved. In fact, many patients with a head and neck type eczematous dermatitis,
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even with IgE antibodies to M. furfur, respond better to topical steroids than to
topical antifungal therapy.

IX. ANTIHISTAMINES AND ANTIPRURITICS
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Pruritus is the hallmark of AD, and an itch-scratch cycle often complicates the
course of AD. Despite this, the pathophysiology of itch in AD is still incompletely
understood (71). Treatment of AD with topical antihistamines and local anesthet
ics has generally been avoided because of potential sensitization. These drugs can
cause cutaneous hypersensitivity reactions, and contact allergy could preclude
systemic use of these drugs. However, in a multicenter, double-blind, vehicle
controlled study, treatment with topical 5% doxepin cream resulted in a signifi
cant reduction of pruritus (72). In this one-week study, sensitization was not
reported, although rechallenge with the drug after the original course of therapy
has not been evaluated. In a randomized, double-blind, controlled trial, pruritus
relief and lessening of pruritus severity were significantly greater with the use
of combination topical doxepin/topical corticosteroid than topical doxepin alone
(73). In more recent studies, however, patients with AD treated in a double
blind study with 5% doxepin cream or vehicle ointment had a similar antipruritic
response, possibly due to the antipruritic effects of using a moisturizer alone (74).
Finally, topical 5% doxepin cream has been associated with marked sedation in
patients with AD, which may limit its usefulness in certain patients (75).

It is important to remember that the role of histamine in the pruritus of AD
has been called into question. In a study with topically applied capsaicin 0.05%
as pretreatment, the pruritogenic and wheal-and-ftare reactions to histamine ion
tophoresis were evaluated in normals and patients with AD (76). In control sub
jects, but not in AD patients, capsaicin pretreatment significantly reduced the flare
area. Compared with control subjects, AD patients showed a lack of alloknesis or
significantly smaller areas of alloknesis in pretreated and nonpretreated skin. In
control subjects, capsaicin pretreatment significantly reduced itch sensations
compared with nonpretreated skin, whereas in AD patients no differences were
seen. Itch sensations in capsaicin-pretreated skin were significantly lower in con
trol subjects than in AD patients. The authors concluded that capsaicin does effec
tively suppress histamine-induced itching in healthy skin but has less effect in
AD. The diminished itch sensations and the absence of alloknesis in atopic indi
viduals suggest that histamine is not the key factor in the pruritus of AD. The
importance of other mediators was confirmed in a more recent study using a
dermal microdialysis technique (77). Of interest, cutaneous field stimulation is
a treatment modality that can mimic beneficial effects of scratching without in
ducing skin damage and has been shown to be of benefit in patients with AD
(78).
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X. TOPICAL TYPE 4 PHOSPHODIESTERASE INHIBITORS

Monocytes from AD patients have an abnormal increase in PDE (phosphodiester
ase) enzyme activity, and PDE inhibitors such as Ro 20-1724 have been shown
to decrease IgE synthesis (79) and basophil histamine release in vitro (80). Cul
ture of AD monocytes with Ro 20-1724 also results in significant reduction of
abnormal levels of IL-4, IL-lO, and PGE2 (81). In addition, Essayan et a1. (82)
reported that a PDE inhibitor could inhibit antigen-induced proliferation and cy
tokine production. In a recent study, the authors looked at the effects of the PDE4
inhibitor rolipram on toxin-mediated IL-12 production and CLA+ T-cell induc
tion (83). They showed that the PDE4 inhibitor, but not the PDE3 or PDE5 inhibi
tors, reduced staphylococcal enterotoxin B-mediated CLA + CD3 + induction.
In addition, they showed that this effect was due to inhibition of IL-12 production
and could be reverted by adding exogenous IL-12. Of practical relevance, Ad
patients treated with CP80,633, a potent inhibitor of PDE4 applied topically inl
a blinded, placebo-controlled paired-lesion study, showed significant clinical imJ

1

provement with the active drug (81).

XI. OTHER TOPICAL THERAPIES

A. Topical Immunomodulators
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Calcineurin inhibitors are discussed in depth in Chapter 27. These irnmunomodu
[ators including cyclosporin (Cs) A, tacrolimus, and ascomycin derivatives act
by binding to specific cytoplasmic proteins and interfering with gene transcription
(84). Topical administration of CsA in a 3-week, double-blind, vehicle-controlled
study with 10% CsA gel and 10% CsA ointment failed to show significant clini
cal improvement (85). On the other hand, randomized, multicentered, blinded,
vehicle-controlled trials with tacrolimus 0.03% and 0.1 % ointment in both chil
dren and adults with moderate-severe AD demonstrated both efficacy and safety
in 3-week trials (86,87). These results were confirmed in phase 3 trials, and long
term safety and efficacy have also been reported (88). Of note, tacrolimus oint
ment has recently been approved in the United States for use in patients with
AD 2 years of age and older. Ascomycin derivatives have also been studied in
topical formulations. Twice-daily application of 1% SDZ ASM 981 cream in a
randomized, double-blind, vehicle-controlled, right-and-left comparison trial in
adult patients with moderate AD has been shown to be significantly more effec
tive than vehicle over a 21-day period (89). No clinically relevant drug-related
adverse effects were noted. Pharmakokinetic studies have been done in children
with AD down to 3 months of age with this compound. In addition, multicenter
phase 3 pediatric trials have been completed, and 1% SDZ ASM 981 cream is
undergoing FDA review for approval in AD.
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Burek-Kozlowska et al. (90) applied intravenous gammaglobulin (IVGG)
topically to an affected area of AD on one extremity and a halogenated corticoste
roid to a corresponding control area on the opposite extremity in six patients.
Treated areas were covered by nonocclusive dressings. After once-daily treatment
for 9 days, the IVGG-treated areas showed significant improvement in five of
six patients and was superior to topical corticosteroids in two of these patients
and equivalent in three.

An 8-amino-acid peptide encoding a sequence of the transmembrane region
of the T-cell receptor alpha chain was recently shown to result in clinical im
provement when applied topically to AD skin in a controlled study (91). These
data suggest that T-cell receptor mimic peptides or cDNA might be effective in
T-cell-mediated dermatoses.

Two recent uncontrolled studies showed that repeated application of the
contact sensitizer dinitrochlorobenzene resulted in clinical improvement in refrac
tory AD (92,93). The authors of both studies concluded that the beneficial effect
observed was the result of immunomodulation by the dinitrochlorobenzene, pos
sibly by effecting the T helper I versus T helper 2 imbalance.
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Herbal Products and Dietary SupplementsB.
I

Herbal treatments are being used with increased frequency to treat dermatological
conditions, including AD (reviewed in Ref. 94). Unfortunately, among the mos~
prevalent adulterants in topical herbal preparations are corticosteroids, including
potent ones, especially in Chinese herbal creams (95,96). In a recent study from
London, chromatographic analysis showed that 8 of 11 samples of Chinese herbal
creams contained dexamethasone in significant concentrations (97).

Essential fatty acids are also used in AD in oral as well as topical forms.
An ointment containing docosahexaenoic and eicosapentaenoic acids was studied
in 64 patients with AD aged 2 months to 29 years who had a poor response to
conventional therapy (98). The authors found significant improvement with the
use of these essential fatty acids. In another study, topical oil of evening primrose
was studied in two different vehicles (99). The authors concluded that a beneficial
effect was seen only with a water-in-oil, not amphiphilic emulsion. Of note, con
trolled trials with an oral preparation of essential fatty acids have not shown
clinical benefit in AD (l00).

In a pattially double-blind, randomized study cmried out as a half-side com
parison, Kamillosan® cream containing chamomile extract was tested vs. 0.5%
hydrocortisone cream and the vehicle cream as placebo in patients with moderate
AD (10 I). After 2 weeks of treatment, the active chamomile-containing cream
showed a mild benefit over the low-potency corticosteroid and vehicle. Unfortu
nately, topical use of chamomile, as well as a number of other plant and herbal
products, has been associated with al1ergic contact dermatitis (94).
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Topical application of nicotinamide, a B vitamin, has been shown to in
crease ceramide and free fatty acid levels in the stratum corneum and decrease
transepidermal water loss in dry skin (102). Nicotinamide was shown in vitro to
improve the permeability barrier by stimulating de novo synthesis of ceramides
with upregulation of serine palmitoyltransferase, the rate-limiting enzyme in
sphingolipid synthesis. In addition, nicotinamide increased not only ceramide
synthesis but also free fatty acid and cholesterol synthesis.

C. Other Topical Therapy

Cromolyn in a water-soluble emollient cream in a final concentration of 0.21 %
was studied in moderate-to-severe AD in a double-blind, placebo-controlled
study (103). Treatment with topical cromolyn in the hydrophilic emollient re
sulted in significant clinical improvement compared to therapy with vehicle alone.

Massage therapy can be considered a topical adjunct treatment for AD. In
one study, young children with AD were treated with standard topical care and
massaged by their parents 20 minutes daily for a I-month period while a control
group received standard topical care only (104). The children's affect and activity
levels significantly improved, and their parents' anxiety decreased immediately
after the massage therapy sessions. Over the one-month period, parents of chil
dren in the massaged group reported [ower anxiety levels in their children and
the children improved significantly on all clinical measures including redness,
scaling, lichenification, excoriation, and pruritus. The control group showed sig
nificant improvement only in scaling. These data suggest that massage therapy
may be a cost-effective adjunct treatment for AD.

XII. CONCLUSIONS
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Conventional topical therapy is effective for most patients with AD. Key elements
include patient education, recognition and avoidance of irritants and proven aller
gens, appropriate use of hydration and emollients, and treatment of inflammation
with topical corticosteroids. Adjunctive therapy includes judicious use of antibi
otics, although in topical form these are used primarily to areas of limited involve
ment or for treatment of S. aureus colonization of the nares. Topical antihistamine
therapy is of limited value, and as a rule topical antipruritic agents should be
avoided due to the possibility of sensitization. New topical agents such as type
4 phosphodiesterase inhibitors may be steroid-sparing, although at the present
time there are none pending approval. The most promising new topical immuno
modulators are the caJcineurin inhibitors (discussed in Chapter 27).
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Special Aspects In Pediatric
Patients

Christine Bodemer and Yves de Prost
Hopital Necker Enfants Malades, Paris, France

An important aspect of the treatment of pediatric atopic dermatitis (AD) is to
develop a trusting relationship with the patient's parents, who must be well in
formed of the aim of the treatment. Indeed, it is particularly important to explain
that the aim of the treatment is to control pruritus and eczematous lesions, but
that cure is not possible. The chronic course of the disease is very worrying for
the family, and the psychological impact of the disease has to be well considered.
It is important to explain that the disease is not caused by stress, but that the
child may be stressed or manipulative because of the disease itself. The education
of the child and the family very often requires a lot of time because of precon
ceived ideas about AD, but this step of discussion and explanation is required
for the good management and efficacy of home treatment.

I. EDUCATION OF THE FAMILY
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Many parents will claim that stress or allergies trigger AD in their child. Physi
cians have to explain the multifactorial etiology of AD and put allergy and stress
in their rightful place. The disease itself is stressful because of itch, with-in
severe form-a lack of sleep. Moreover, a parent's anxiety and numerous ex
acerbating factors (e.g., sweat-producing activities, swimming, foods, pets) are
very disturbing for a child and are very often not justified. Parents must under
stand that each case of AD has to be considered individually, and they must be
careful not to interpret too quickly confusing disinformation. The physician
should listen and understand the family's expectations of the treatment. The abun-
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dance of preconceived ideas is classic for such chronic and stressful diseases.
Doctors have to keep in mind that the best treatment is the treatment agreed upon
with the family and the child, taking into account their own history, difficulties,
and expectations. The first consultation must be sufficiently thorough to establish
a trusting relationship with the family. No management can be effective without
this essential step.

II. GENERAL ADVICE

The life of a child with AD should be as normal as possible. Itch is probably the
most distressing symptom for the child, and it is important to reduce factors that
could increase the scratching process.

One should reduce the conditions that make the chjldren hot and sweaty
(e.g., no central heating in the bedroom; light and large night clothes; air condi
tioning in hot climates; lukewarm water for the bath). Sport activities should not
be arbitrarily prohibited, as is sometimes done. Parents should discuss with their
child what is important for his or her well-being.

One should reduce the conditions that enhance dryness and irritation of thel

l

·

skin (e.g., a humidifier in the child's bedroom, cotton clothes-synthetics andl
wool are irritating). Swimming in pools or the ocean should not be systematiCallyl1
forbidden. Swimming in chlorinated pools is wel1 tolerated by most chjldren with
AD. Emollients can be applied just before swimming. Afterwards the child should
rinse off completely and reapply emolients. I

Al1ergen avoidance must not dominate the lives of atopic patients and their
families. Potential allergens should be identified by taking a very careful patient
hjstory and carrying out selective prick tests. Avoidance of foods should not lead
to special diets without a strict medical analysis (see Sec. IV.A). In dust mite
allergic patients, avoidance measures include use of dust mite-proof casings on
pil10ws and mattresses, removal of bedroom carpeting, and decreasing indoor
humidity levels with air conditioning. Families should keep in mind that there
is no way to totally eradicate dust mites, and that avoidance measures are labori
ous and expensive. Household pets should be avoided if at all possible.

III. PARTICULARITIES OF CONVENTIONAL TREATMENT
OF AD IN PEDIATRIC PATIENTS

The same conventional topical treatment (emollients, topical corticosteroids)
and antibiotic treatment if necessary-is used in pediatric patients as with adults.
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However, some special aspects of disease management in pediatric patients
should be emphasized.

A. Topical Corticosteroids
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Local side effects in pediatric cases are the same as in adults. Children are at
higher risk for systemic side effects because they have a greater surface-to-body
ratio. These theoretical systemic side effects consist of adrenal suppression, fail
ure to thrive, Cushing's syndrome, glaucoma, and benign cephalic hypertension
(1-3). Topical corticosteroids are safe in AD pediatric cases when used correctly.
Factors that enhance the risk of systemic side effects include which anatomical
area is being treated (body fold areas as the napkin area provide a natural occlu
sive phenomenon), the size of the skin surface treated, the frequency of applica
tion, the length of the treatment, and the potency of the glucocorticoid (4-6).
When topical corticosteroids are correctly used well on children there are no
deleterious effects. Even when cOl1isollevels are depressed, they return to normal
as soon as the skin inflammation is under control. Growth delay in some children
with severe AD and long periods of topical corticosteroid treatment is a difficult
problem to understand and resolve. But the topical treatment-if judiciously
used-is rarely the cause of this delay (7,8). We completely agree with the con
clusions of David (9) that the combined use of inhaled and oral corticosteroids
for asthma, some particular regimes, and loss of sleep are contributing factors
to short stature. However, severe AD can lead to a chronic, inadequate daily use
of high-potency corticosteroids because of the lack of disease-free periods. In
these cases of inadequate response, alternative therapies should be discussed.

To be safe, topical corticosteroids should be used for brief periods on lim
ited areas without occlusion. We propose several general recommendations for
treatment.

It is important to choose a good potency level (low to medium)-not too
high but also not too low. The best way of limiting percutaneous absorption is
to quickly control the inflammation. The more potent the steroid, the shorter the
treatment and the better the compliance and safety. High-potency steroids need
not be prohibited, even in pediatric patients, if in some special cases they are
required. However, because of the chronic course of atopic dermatitis, it is better
in children to begin with weaker steroids. The location of the eczema is important
in choosing the potency of topical steroids. For instance, the face must be u'eated
carefully. No more than 1% hydrocortisone should be applied on the eyelids,
even if the risk of developing glaucoma remains theoretical.

A sufficient amount of medication should be prescribed. Very often too
little medicine is applied because the right number of tubes is not specified on
the prescription or because the family is afraid of steroids. Less frequently, exces-
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sive use of strong steroids is suspected. Clear explanations and clear prescriptions
are essential. The exact role of the topical steroid in the management of the AD
must be explained as often as necessary, and doctors should address at each visit
the family's fears of the treatment's side effects.

It is very difficult to define the appropriate quantity of steroid medicament.
Long et al. (4) developed a finger-type unit technique to determine the quantity
of cream necessary to cover each area (e.g., hand, arm, leg) (Table 1): two adult
fingertip units = I g of cream or ointment. The number of tubes necessary must
be clearly prescribed.

Treatment regimen is not standardized (10,11). In our experience, if a cor
rect potency of steroid is chosen (not too high or low), once-per-day application
is sufficient. We recommend this regimen for 7-10 days, progressively reducing
the regimen (1-0-1-0; I -0-0- I -0-0- I) during 7-10 days. For the diaper area
topical steroid should be chosen from a lower-potency group and not applied for
more than 10 days because percutaneous absorption is greatly enhanced due to
moisture from occlusion in this region. In adolescents the risk of striae at the
breasts and thighs requires careful use of steroids in these areas (i.e., low potency
and short periods). The patients and families should be clearly instructed in proper
steroid use, and the quantity of topical steroid (number of tubes) utilized by the
parents should be evaluated at each visit.

B. Infections
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Secondary infection, particularly bacterial infections (staphylococcal or strepto
coccal) are frequent in pediatric patients. Infections can delay response to topical
steroids. Herpes simplex virus (HSV) infections are special complications of
childhood atopic dermatitis.

Herpes simplex infections can lead to the acute disseminated viral infection,
eczema herpeticum (EH). EH is usually a primary HSV infection in atopic chil
dren. The reason some atopic children (a minority) are susceptible to developing
EH is not known. The highest incidence occurs in 2- to 3-year-olds. Rarely, the
response to steroids is delay with a sudden deterioration of the child's eczema.
Vesicles are the most common lesions, but the presenting lesions may also be
pustules, papules, and crusts. Clinical diagnosis is difficult when vesicles are
absent, and it is sometimes difficult to distinguish viral vesicles or pustules from
bacterial lesions. A Tzanck smear may be helpful.

Widespread dissemination of the virus may occur, leading to multisystem
involvement. The child should in such a case be quickly hospitalized, and most
such patients require intravenous aciclovir, 500 mg/m 2

, three times daily (12,13).
Children with poor extensive lesions usually respond well to oral aciclovir
(14,15). Some children with EH have recurrent localized cutaneous HSV infec
tions, occurring usually within a few months of EH. During the acute phase of
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Table 1 Guidelines to Management of Atopic Dermatitis

Location 6 months 1 year 5 years 10 years

Hand X 2 0.5 0.5 1 2
Arm X 2 0.5 1 2 3
Leg X 2 1 1.5 4 5
Foot X 2 0.5 0.5 2 2
Trunk (front) 1 1.5 3 4
Trunk (back) 1 1.5 3 4
Face and neck 0.25 0.5 0.5 1
Total FTU per treatment 4.75 7 15.5 21

Source: Ref. 4.

EH, treatment of secondary bacterial infections with antibiotics, and parenteral
fluids to correct dehydration and electrolyte disorders are often necessary, and
topical steroid treatment is stopped.

Parents should be informed of the risk of contact with cold sores for chil
dren with atopic dermatitis.

Smallpox vaccination is contraindicated in patients with atopic dermatitis
unless there is a real risk due to the possibility of a widespread viral infection
(eczema vaccina/um) that has a similar appearance to EH. In this regard, vaccina
tion of family members should also take into consideration the potential of ec
zema vaccina/um in household contacts.

c. Emollients

This conventional topical treatment is discussed in Chapter 22. Such treatment
is usually easy in small children and infants, but older children may tire of or
rebel against it. It is therefore important to involve children as soon as possible
in their own treatment and to let them apply the cream and choose the emollient
that is cosmetically most acceptable to them (even if it is less greasy).
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D. Antihistamines

Non-sedating antihistamines are usually of little benefit. Sedating antihistamines
are more useful for children who wake regularly during the night or who scratch
while asleep. Unfortunately some children hyperreact to antihistamines and are
more worked up with the treatment. The best treatment for itching is certainly
to cure quickly the relapse of the dermatitis with topical treatment and to reduce
the conditions that enhance dryness and irritation of the skin.



484 Bodemer and de Prost

E. Psychological Management

Physiological stress responses may influence inflammatory and immune mecha
nisms and exacerbate inflammatory dermatoses in genetically predisposed pa
tients. Although emotional stress does not cause AD, it often exacerbates the
illness. AD children often respond to stressful events with increased pruritus and
scratching, and excessive scratching may be a form of attention seeking.
Scratching is not, of course, always associated with significant secondary gain.
The question remains the same: Does the atopic dermatitis cause particularly
dependent, fragile, anxious and emotional personalities or vice versa? In fact it
appears that there is no atopic dermatitis-specific personality (16-18), but the
effect of itching, disturbed sleep, difficult chronic topical treatment, unattractive
appearance in the severe forms, anxiety of the mother, and parenting distress can
generate important psychological and relational problems for the child and the
family. Failure in affective modulation and dysfunctional familial behavior, en
hance anxiety and promote emotional stress through somatic pathways. There
fore, when conventional therapies fail in severe forms of atopic dermatitis, a
psychological approach may be considered for the quality of life of the whole
family, with sometimes beneficial effects on the dermatitis.

F. Hospitalization

It is remarkable to observe that some children fairing poorly at home become
quickly better when hospitalized, even with the same apparent treatment (e.g.,
steroid potency). Three reasons for this are possible: (1) the topical steroid treat
ment had not been applied as prescribed, in which case the education of the
family has to be reconsidered; (2) the treatment was well conducted, but the
hospital pediatric environment, the modalities of steroids and emollients applica
tions, and the psychological approach to the child are different; or (3) secondary
infections delayed response time to topical steroids. Thus it is very important to
observe the child hospitalized for untreated atopic dermatitis for several days
before changing the treatment and to consider second-line therapies.
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IV. SECOND-LINE THERAPIES IN REFRACTORY
PEDIATRIC ATOPIC DERMATITIS

A. Diet

The role of food hypersensitivity in the pathogenesis of AD has been debated
for years, and dietary management is still controversial. Most specialists agree
that certain food allergens can cause cutaneous manifestations in atopic derma
titis. The frequency of these manifestations varies from 5 to 30% in the different
series. The lesions consist mainly of contact urticaria, edema, and pruritus usuaJly
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situated around the mouth or on the fingers or nonspecific erythematous rash.
They occur very rapidly after ingestion of the incriminated foodstuff (19). Parents
are generally aware of such reactions when they first consult and often avoid
giving the suspect food to their children. Manifestations are not specific to atopic
dermatitis and resemble food intolerance reactions in nonatopic children. Do food
allergens aggravate atopic dermatitis? It is far more difficult to answer this ques
tion, as aggravations occur late after introduction of the allergen. In addition, the
gravity of atopic dermatitis is hard to measure, and most studies have not been
based on precise criteria. Mothers are often convinced that certain foods, such
as cow's milk, are responsible for a child's AD, but this may simply reflect the
fact that the disease begins at around 3 months of age, i.e., when solid foods are
introduced. Sampson reviewed the data on this subject (20) and found manifesta
tions of late hypersensitivity in one third of cases in a series of 300 patients aged
from 6 months to 25 years and monitored for 10 years. The diagnostic criteria
for atopic dermatitis were poorly defined. Tests were generaJly challenge tests
with food allergens in the form of dried powders. Skin lesions in 75% of cases
took the form of a morbiliform rash and pruritus, but not truly specific signs of
atopic dermatitis were described. Onset was rapid, from a few minutes to 2 hours
after ingestion. The most frequently accused foods were eggs, milk, peanuts, soy,
flour, and fish. Some patients had later reactions with pruritus and an erythema
tous rash. These results must be interpreted with the utmost care: the author
himself pointed out that the study population was not representative, as it com
prised children who already had suspected aggravations of cutaneous or gastroin
testinal manifestations by food allergens. Atherton et a!. (21,22) have published
several studies in the area. Their conclusions are less affirmative, but rechallenge
studies suggested the possibility that food allergens could aggravate atopic der
matitis in a very small number of cases. They stressed the difficulties inherent
in these studies given the enormous number of potential food allergens and the
difficulty of carrying out placebo-controJled studies.

Avoidance diets have generally been tested in the hospital setting, but this
introduces a bias, as hospitalization itself can improve atopic dermatitis. To avoid
such artifacts, Devlin et al. studied the effect of an avoidance diet in the home
environment in 63 children with AD (23,24). They observed an improvement in
the group on the diet at the beginning of the study, but at the end of 12 months
there was no longer any difference between the two groups. Other studies support
the findings of Mankvad et al. (25), who repOited no effect of a 3-week diet in
33 patients with severe AD, and those of Van Asperin et al. (26), who found no
benefit of a strict diet in children of between 2 and 12 years with severe AD. As
yet, there are no tests capable of predicting the effect of a given avoidance diet.
Even specialists who support such diets admit that neither the specific IgE titer
nor the results of prick tests correlate with a beneficial effect.

Avoidance diets can be dangerous, especially when prescribed for long
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periods, leading to weight loss, growth retardation, and even malnutrition with
hypoalbuminemia or rickets. It should also be remembered that these avoidance
diets are expensive and have a negative impact on the children's and parents day
to-day life (19,22,26).

The clinical impact of the early introduction of cow's milk has been exten
sively studied, but the results have been conflicting. Children with a family his
tory of atopic disease have been shown to run a greater risk of developing atopic
symptoms when exposed to cow's milk protein (28). Furthermore, atopic derma
titis is not infrequent in chjldren who are exclusively breast-fed, so any protective
effect of such feeding would be limited. Few studies have focused on the very
early introduction of cow's milk fonnula. Kramer and Moroz conducted a retro
spective study on 636 cruldren and found that neither breast feeding nor the time
of the introduction of solid foods influenced the risk of AD (29). Indeed, 36%
of breast-fed infants developed AD, compared with only 26% of bottle-fed in
fants. The risk of developing atopic disease after early feeding with cow's milk
based formulas was studied by Gustafsson et al. (30), who studied 736 healthy
full-term cruldren exposed to cow's milk formula and breast rnilk from donors
on the maternity ward. The children were divided into three groups: group 1
received only their mother's milk, group 2 received their mother's and human
donor milk, and group 3 received their mother's milk, donor milk, and cow's
milk-based formulas. No significant differences were found in the cumulative
incidence of atopic diseases between the three groups. Cruldren with a famjly
history of allergy ran the same risk of developing atopic rusease whether they
were fed formula or breast rnilk alone, and the authors concluded that cow's
milk-based formula did not seem to increase the risk of atopic disease. Kay et
aI., in a prevalence study of childhood atopic dermatitis, interviewed 1077 parents
or guardians in the outskjrts of Binrungham (31). The lifetime prevalence of
atopic dermatitis was 20% in boys and 19% in girls. Prevalence in the previous
year was 10-14% in boys aged 3-] 1 years. Atopic dermatitis developed in the
first year of life in 60% of the children and in the first 6 months in three quarters
of cases. The proportion of breast-fed chjldren who had atopic dermatitis was
21%, compared to 19.5% in those breast-fed for 6 months or more and 18.5%
in cruldren who were exclusively bottle-fed. These data, recently confirmed by
Nakamura et al. (32), clearly showed that breast feeding, even for 6 months or
more, had no protective effect in this population.

B. Phototherapy
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Phototherapy may be used in pediatrk atopic dermatitis, but only for chjldren
over 10 years. Narrow-band UVB (TLO) appeared better for children than PUVA
because it is safer (see Chapter 25).
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Careful recommendations for the use of local steroid therapy and prevention
based on allergological investigations as well as against infections have substan-

C. Immunosuppressive Treatments

Better knowledge about the pathophysiology of atopic dermatitis has led to a
better understanding of certain underlying immunological mechanisms and to
proposing immunosuppressive therapy. Oral immunosuppressive drugs have
been used mainly in the treatment of adults. Oral cyclosporine treatment was
studied in children in severe recalcitrant cases of childhood AD. The dosage was
the same (5 mg/kg/day) with very good efficacy, but frequent relapse occurred
after reducing the dose (33). The side effects of systemic immunosuppressive
therapy have stimulated research into topical treatments. The discovery of an
immunosuppressive drug acting after local application is an old idea that is start
ing to appear feasible. Such local immunosuppressors should eventually replace
dermocorticoids. The first to be studied in this context, more than 10 years ago,
was local cyclosporine. Its poor efficacy in this use led to a loss of interest, and
efforts are now being focused on new derivatives of macrolide antibiotics such
as Tacrolimus (FK506) and Pimecrolimus (SDZ ASM 981). FK506 is a new
immunosuppressive antibiotic of the macrolide family discovered by the Fujisawa
Pharmaceutical Company. Tacrolimus was introduced in the early 1990s for the
prevention of allograft rejection following liver transplantation. The systemic lise
of FK506 may be associated with adverse effects such as nephrotoxicity and
hypertension. Tacrolimus has a similar mechanism of action as cyclosporine, but
seems to be more potent and has a lower molecular weight. In vitro, the effects
of Tacrolimus are inhibition of histamine release from mast cells and basophils
and inhibition of IL-2, -3, -4, -5 and interferon-y production from T lymphocytes.
Reitamo et al. reported good results after application of 0.1 % Tacrolimus oint
ment on atopic lesions in a study of 316 adult patients (34). Boguniewicz et al.
confirmed these results in a study of 180 children (35) with concentrations of
0.1 and 0.3%, as did Paller et al. in a 12-week study (36). The other topical drug
recently tested in atopic dermatitis is the Pimecrolimus or SDZ ASM 981. It is
a novel macrolactam derived from ascomycin. It inhibits degranulation of mast
cells and suppresses the production of tumor necrosis factor (TNF) in murine
cell line. It does not induce skin atrophy when applied to normal skin for 4 weeks
(37). The first pediatric study was designed to measure systemic exposure in
children 1-4 years of age with atopic dermatitis treated twice daily for 3 weeks
with 1% SDZ ASM 981 cream. Blood concentrations were consistently low,
leading to larger studies in children (38).

v. CONCLUSION
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tially improved the management of AD in childhood. However, specifically dedi
cated programs are urgently needed to improve the education of parents and pa

tients. Programs for atopic dermatitis in a concerted action of physicians and

patient organizations have been created in many countries and should consider
ably help to effectively involve the parents in the management of AD in chiJdren.

In the future, networks involving pediatric dermatologists, allergists, pediatri

cians, and general practitioners should assure a better survey and provide disease

management programs necessary for the control of this paradigmatic chronic skin
disease.
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The role of the cyclic nucleotide phosphodiesterases (PDE) in the pathogenesis
of atopic dermatitis (AD) was proposed more than 20 years ago as a possible
explanation for the rapid enzymatic breakdown of cAMP found in leukocytes
from atopic dermatitis patients when compared to leukocytes from healthy con
trols (1). Based on these findings, inhibition of PDE enzymes was proposed as
an approach to correct the biochemical abnonnality found in AD.

PDE enzymes are responsible for the hydrolysis of cAMP and cGMP to
AMP and GMP, respectively. So far, 11 different families of PDE enzymes have
been identified (2). Tissue expression of the PDE isoenzymes varies according
to the PDE subfamily. PDE isoenzymes present in inflammatory cells belong to
the PDE 3, 4, and 7 subfamilies (3,4).

Different in vitro inhibition studies with Ro-I724, a selective PDE 4 inhibi
tor, have shown a reduction in spontaneous IgE production (5), histamine release
(6), and IL-4 production (7) by AD leukocytes. Cellular localization studies with
different leukocyte populations demonstrated that the abnormal PDE activity in
AD patients was found in monocytes (8). Further studies with monocytes from
AD patients showed spontaneous PGE2 (9) and IL-IO (10) production. Interest
ingly, the abnormal PDE activity found in monocytes correlated with such sponta
neous cytokine production. Based on the inhibitory effects of PGEz and IL-IO
on IFN-yproduction (11,12), it was proposed that the low levels ofIFN-y, induced
by PGE2 and IL-IO, would modify the Thl/Th2 balance towards the Th2 cytokine
profile found in AD (9). However, in the last few years, various studies on the
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immunopathology of AD have shown that besides a predominant Th2 cytokine
profile, other pathological mechanisms should be taken into consideration. Some
of these include IFN-y, which has been detected in the chronic phase, and bacte
rial infections, which through the production of superantigens may play a role
in AD pathogenesis (13).

For this reason, the effect of PDE 4 inhibitors as a treatment for AD may
be considered not only from the abnormal PDE 4 activity point of view, but also
in the context of the new findings in AD pathogenesis. The objective of this
chapter is to consider the possible role for PDE 4 inhibition in the treatment of
AD in the current scenario of AD.

I. ANTI-INFLAMMATORY EFFECTS OF POE INHIBITORS

PDE inhibitors are cAMP-elevating agents as they block the PDE enzymes that
convert cAMP to 5'AMP, leading to the intracellular accumulation of cAMP (Fig.
1). This is a relevant point to consider when proposing the possible role of PDE
4 inhibitors in AD treatment. It has been known for a long time that intracellular
elevation of cAMP has anti-inflammatory properties (14,15). PDE 4 inhibitors
may therefore act as anti-inflammatory agents by increasing cAMP and at the
same time blocking the increased PDE activity found in AD. PDE 4 inhibitors
have been shown to block a number of leukocyte functions in vitro (see Table 1).

PDE 4 inhibitors affect most relevant inflammatory cells, including mast
cells, eosinophils, lymphocytes, monocytes, and dendritic cells, since all these
express the PDE 4 family of enzymes. The anti-inflammatory activity of PDE 4
inhibitors has also been documented in animal models of inflammatory diseases.
Thus, PDE 4 inhibitors block antigen-induced bronchoconstriction, hyperreactiv
ity and airway inflammation (3), collagen-induced arthritis (16), as well as experi
mental autoimmune encephalomyelitis (17).

cAMP levels
increased

~ Pftt
ATP ..... cAMP .... 5'-AMP
Figure 1 In inflammatory cells where the PDE 4 family is preferentially found, inhibi
tion of the cAMP degradation pathway produces intracellular increases of cAMP. Such
cAMP elevation interferes with many different inflammatory capacities of those cells.
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Table 1 PDE 4 Effects on Inflammatory Cells

Inflammatory
cell type

PDE isofonn
expressed Inhibition

Basophil
B cell
Dendritic cell
Eosinophil
Mast cell
Monocyte/macrophage
Neutrophil
T cell

3, 4
3, 4
3, 4
3, 4
3, 4
3, 4
4
3, 4 (CD45RO> RA) 7

Histamine release
Spontaneous IgE production
TNF-a release
Activation, chemotaxis
Histamine release
TNF-a production
Activation
Proliferation, cytokine pro

duction

The fact that POE 4 inhibitors can reduce inflammatory processes in
leukocytes from healthy donors and animals, where no POE abnormality is
present, indicates that the spectrum of anti-inflammatory activity of such com
pounds for AO may involve other mechanisms than blocking increased POE 4
activity.

II. PDE INHIBITORS IN AD TREATMENT
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The anti-inflammatory activity of POE 4 inhibitors has been documented in mod
els of cutaneous inflammation in guinea pig and mouse (18,19).

Recently a double-blind, placebo-controlled, right/left paired-comparison
clinical trial was performed in 20 AO patients with a topically administered selec
tive POE 4 inhibitor (20). Results indicate clinically significant anti-inflammatory
activity in AD patients with a reduction in all inflammatory parameters (20). This
was the first clinical assessment of this new class of anti-inflammatory com
pounds for AD treatment and can be considered as the proof of concept for this
mechanism in this indication.

Pruritus is an early and important symptom in AD and may also be suscepti
ble to u'eatment via POE 4 inhibition. There is to date only limited information
regarding POE inhibitors as antipruritic compounds except for theophylline, as
mentioned in Ref. 21. POE 4 inhibitors have recently been shown to have anti
skin irritant activity in a clinical trial where Balsam of Peru was the irritant agent
(22). The assay was performed with a sensitized individual, and the anti-irritant
activity of POE 4 inhibitors was found to correlate with their in vitro capacity
to inhibit the POE 4 enzyme (22).
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III. POSSIBLE ANTI-INFLAMMATORY EFFECTS OF POE 4
INHIBITORS IN DISTINCT PHASES OF AD

Recent advances in understanding the pathogenesis of AD suggest how PDE 4
inhibitors could work in the different phases of AD. In vitro data relating PDE
4 inhibitors with the mechanisms involved in the acute phase, chronic phase, and
bacterial infection present in AD may support the anti-inflammatory activity of
PDE 4 inhibitors in a more complete scenario of AD.

A. Acute Phase
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The acute phase is characterized by spongiosis with a Th2 cytokine profile, sparse
perivascular infiltrate of CD4+ CD45RO+ T cells, Langerhans cells, and macro
phages exhibiting surface bound IgE (13).

Langerhans cells bearing allergen-specific IgE bound to the FcrRI on their
surface may play an imp0l1ant role in initiating the cascade of inflammatory
events, as has recently been suggested in vivo (23). Langerhans cells may present
allergen to Th2 cells through an IgE-facilitated uptake mechanism. Moreover,
engagement of FcrRI can also induce Langerhans cell activation followed by
NF-KB activation and TNF-a production (24,25). Thus, Langerhans cells may
initiate production of pro-inflammatory cytokines that activate endothelial cells
and other cutaneous cells to produce chemokines and adhesion molecules in
volved in the recruitment of various leukocyte populations. One of these circulat
ing could be skin-homing activated T cells (Fas ligand+) which may induce
apoptosis of Fas receptor+ keratinocytes and generate spongiosis and subsequent
eczema (26).

Different studies indicate that PDE 4 inhibitors may be affecting some of
the inflammatory mechanisms present in the acute phase of AD described
above. With respect to Langerhans cell function, PDE inhibitors have been
shown to block TNF-a production by in vitro generated human dendritic cells
(27) and NF-KB mediated transcription in monocytes and endothelial cells
(28,29).

Most of the T lymphocytes present in cutaneous inflammation are memory
(CD45RO +) T cells. Interestingly, human CD45RO + T cells express higher
levels of PDE 4 than CD45RA T cells (30) and could therefore be more suscepti
ble to PDE 4 inhibitors. Studies have shown that PDE 4 inhibitors can interfere
with allergen-induced T-cell activation, proliferation, and Thl and Th2 cytokine
production (31,32) by targeting the responder T-Iymphocyte population (32).
With respect to the mechanism of Fas ligand-induced keratinocyte apoptosis, it
has been shown recently that cAMP inhibits TCR-coupled Fas ligand expression
on T cells (33).
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B. Chronic Phase

In the chronic phase of AD, IgE-bearing macrophages and eosinophils are the
most relevant cells in the dermal infiltrate, together with Th 1 cytokine expression.
IL-12 has been proposed to play a role in the Th2-to-Th I shift present in the
chronic phase of AD. Sources of IL-12 might be eosinophils and macrophages
(34). On the other hand, eosinophils might be attracted to the cutaneous lesion
by IL-5 produced by Th2 lymphocytes together with eotaxin. In fact, eotaxin has
been shown to be associated with CCR3 expression and eosinophil infiltration
in AD (35).

The role for PDE 4 inhibitors in treatment of the chronic phase is supported
by some recent reports. The selective PDE 4 inhibitor rolipram suppresses human
eosinophil activation and eotaxin-mediated transendothelial cell layer migration
(36). It has also been shown that superantigen enterotoxin B (SEB)-induced IL
12 production by PBMCs is inhibited by rolipram (37). Interestingly, PDE 4
inhibitors also reduce IL-12 production by mouse macrophages (16).

PDE 4 inhibitors are effective inhibitors of TNF-a production by macro
phages. TNF-a plays a role in Fc£RI-mediated prolonged survival of monocytes
and possibly macrophages and dendritic cells (38). Thus, it may be suggested
that PDE 4 inhibitors may affect such inflammatory mechanism.

C. Superantigens and Bacterial Infection
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Bacterial infections are involved in chronic cutaneous inflammatory diseases such
as AD. Staphylococcus aureus is present in more than 90% of cutaneous lesions
in AD. The relevance of superantigens, in particular SEB, in the induction of
dermatitis in AD patients has recently been underlined (39). Disease severity has
been associated with the presence of S. aureus in the skin of children with AD
(40,41) and with the presence of IgE to superantigens (42). The contribution of
bacterial infections to AD inflammation is highlighted by the reduction in clinical
severity obtained when applying a simultaneous topical treatment of corticoste
roids and antibiotics (43).

Since AD is an allergic, T-cell-mediated inflammatory disease of the skin,
we looked at whether T cells related to the cutaneous immune system in AD
presented an increased percentage of staphylococcal-related T-cell-receptor vari
able segments (V~). Since skin-homing T cells bearing the CLA antigen on their
surface have been shown to be associated to AD pathogenesis (44), we studied the
V~ expression on circulating CLA+ T cells from patients with AD. An increased
percentage of cells bearing TCR V~ segments related to S. aureus was found in
circulating CLA+ T cells from children (45) with active AD. Similar results
were found in an adult AD population (12).
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Superantigens have been shown to induce CLA expression on activated T
lymphocytes by a mechanism involving lL-12 produced by antigen-presenting
cells (46). Based on these data it has been proposed that S. aureus infection may
induce an amplification of T-cell-mediated inflammation in AD.

Regarding the role of PDE 4 inhibitors in the influence of superantigens
in AO inflammation, we have recently shown that POE 4 inhibition affects SEB
induced CLA antigen expression on human T lymphocytes (37). IL-12 was sup
pressed by the PDE 4 inhibitor rolipram but not by POE 3 or PDE 5 selective
inhibitors (37). These data indicate that PDE 4 inhibition of SEB-mediated
CLA+ T-lymphocyte generation may interfere with the effect of bacterial super
antigens on the cutaneous T cells involved in AD.

IV. CONCLUSION

The current understanding of AD pathology suggests an expanding role for PDE
4 inhibitors in AD treatment. Besides blocking the abnormal PDE activity found
in AD patients, PDE 4 inhibitors may interfere with the most relevant features of
AD immunopathogenesis: acute phase, chronic phase, and bacterial superantigen
mediated effects. Several in vivo and in vitro data support the relevance of the
anti-inflammatory effects of PDE 4 inhibitors, through increased cAMP levels,
in cutaneous inflammation.

Future clinical studies will certainly clarify the role of this new type of
anti-inflammatory agent in the management of AD.
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OF ATOPIC DERMATITIS

501

u
.E

~
8
]
::E
iQl
-§,
.~

8
MARCEL DEKKER, INC.~

270 Madison Avenue. New York. New York 10016 IU?

It has been appreciated for decades that ultraviolet (UV) radiation may be benefi
cial for patients with atopic dermatitis (reviewed in Ref. 1). In 1929 the German
dermatologist Buschke stated that the effect of sea climate on atopic dermatitis
was "simply surprising," and in the 1940s Lomhold and Norrlind concluded
that most patients with atopic dermatitis improved during the summer season (2).
Nexman in 1948 was the first to systematically assess the beneficial effects of
phototherapy in atopic dermatitis patients, which in his study were exposed to
radiation from a carbon arc lamp (3). Modern fluorescent lamps with defined
emission spectra for phototherapy of atopic dermatitis have been continously
used from the end of the 1970s until today. During the last 5 years, several new
phototherapeutic modalities, including UVA-I therapy (4,5) as well as 311 nm
UVB therapy (6), have been introduced. As a consequence, dermatologists may
now select from a diversified spectrum of distinct phototherapeutic modalities
the phototherapy of choice for their panicular patient.

During the same time period, substantial progress has been made in advanc
ing our knowledge about the pathogenesis of atopic dermatitis. A modern ap
proach to phototherapy of atopic dermatitis has to reflect treatment decisions on
the background of recent pathogenetic concepts (7). This chapter will therefore
briefly summarize current knowledge about the pathogenesis of atopic dermatitis.
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II. THE PATHOGENESIS OF ATOPIC DERMATITIS

It is now generally believed that atopic dermatitis represents aT-cell-mediated
immune response directed against inhalant allergens (8). This concept is sup
ported by the fact that the major clinical, histological, and immunohistochemical
features of atopic dermatitis strongly resemble those observed in allergic contact
dermatitis. Lesional sldn of patients with atopic dermatitis contains an inflamma
tory infiltrate, which predominately consists of T-helper (Th) lymphocytes. Cy
tokines, which are produced in situ by these helper T cells, considerably contrib
ute to the generation and maintenance of skin lesions in atopic dermatitis patients.
It has been learned that the quality of the cytokine profile expressed in lesional
skin of patients with atopic dermatitis critically depends on the stage of this dis
ease (9). Biopsies taken either from acute atopic dermatitis or from eczematous
skin lesions, which had been initiated under standardized conditions in atopic
dermatitis patients by epicutaneous application of inhalant allergens and were
analyzed at an early stage during their development (24 hours after allergen appli
cation), revealed a preponderance of the Th2-like cytokine interleukin-4 (lL-4),
whereas at the same time point expression of the Th I-like cytokine interferon
y (JFN-y) was decreased below background levels. At later time points, that is,
either in chronic, lichenified lesions of spontaneously evolving atopic eczema or
in 48-hour inhalant allergen patch test-induced skin lesions, this cytokine pattern
was reversed. At these later time points, expression of the Th I-like cytokine
lFN-y predominated, whereas lL-4 expression was decreased (10-12). Increased
expression ofIFN-yappears to be responsible for the generation and maintenance
of clinically apparent skin lesions in atopic dermatitis, since a close correlation
between the clinical course of atopic dermatitis and in situ expression of IFN-y
in lesional atopic skin was observed. These findings may best be described by
a two-phase model of the pathogenesis of atopic dermatitis, in which an initiation
phase, which represents a Th2-like inflammatory response and develops without
clinically apparent skin lesions, is switched into a second, eczematous phase,
which is dominated by the Thl-like cytokine IFN-y and clinically presents as
eczema (9). Recent studies indicate that the observed switch from a Th2-like into
a ThI-like cytokine pattern may be caused by an increased expression of the
cytokine IL-I2.

III. CONCEPT LINKED PHOTOTHERAPY FOR
ATOPIC DERMATITIS

Based on this two-phase model, it is now possible to discriminate phototherapeu
tic strategies, which are directed at the initiation phase of atopic dermatitis and,
thus, in a more general sense may be regarded as prophylactic, from photothera-
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Table 1 Phototherapy for Atopic Dermatitis
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Indication

Acute, severe

Chronic,
moderate

Modality

High-dose UV A-I
PUVA
Extracorporeal
Photopheresis
311 nm UVB
UVA-UVB
Low-dose UVA-I
Broadband UVB
Broadband UVA

Comment

Monotherapy, alterna
tive to glucocorti
costeroids

Combination therapy,
to save glucocorti
costeroids

Mode of action

Symptomatic, antiecze
matous

Symptomatic, antiec
zematous, mainte
nance therapy

The rational for employing UVA-I radiation, that is, long wavelength UVA radia
tion (340-400 nm), in the treatment of patients with atopic dermatitis was based
on immunological studies in which it was demonstrated that exposure of human
skin to a single dose of 130 J/cm 2 UVA-I radiation was associated with abroga
tion of epidermal Langerhans cell function to activate alloreactive T cells (13).

pies, which are directed at the eczematous phase of this disease and which provide
symptomatic relief by downregulating IFN-y expression in lesional atopic skin
(7). Symptomatic phototherapy of atopic dermatitis needs to be differentiated
further into very potent phototherapeutic modalities, which may be used as a
monotherapy for short periods of time to effectively treat patients with acute,
severe exacerbation of atopic dermatitis, and less effective forms of phototherapy,
which may be successfully employed as combination regimens over longer pe
riods of time to treat patients with chronic forms of atopic dermatitis (Table 1).
Current phototherapy of atopic dermatitis as conducted in daily practice is identi
cal with symptomatic phototherapy.

A. Photo(chemo)therapy for Acute, Severe
Atopic Dermatitis

In general, symptomatic phototherapy of acute, severe exacerbation of atopic
dermatitis may be achieved with UVA-l, systemic psoralen plus UVA radiation
(PUVA), and extracorporeal photochemotherapy, whereas conventional UVAI
UVB and narrow-band UVB therapy represent phototherapeutic modalities,
which are primarily indicated for treatment of chronic stages of this disease (Ta
ble 1).

1. UVA-1 Phototherapy

u
.E

~
8
]
::E
iQl
.§,
.~

8
MARCEL DEKKER, INC.~

270 Madison Avenue. New York. New York 10016 IU?



504 Krutmann and Morita

(a)

Figure 1 A patient with severe, acute exacerbation of atopic dermatitis before (a) and
after (b) UVA-1 phototherapy (10 X 130 J/cm2
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At the same time, evidence was accumulating that epidennal Langerhans cells,
by vinue of their capacity to bind IgE molecules, may play an imponant role in
inhalant allergen-mediated T-cell activation and thus be of critical importance
for the pathogenesis of atopic dermatitis (14). In addition, clinical studies compar
ing the efficacy of broadband UVB therapy versus UVA/UVB therapy in the
management of patients with atopic dermatitis indicated that the therapeutic ef
fectiveness of conventional UYB therapy may be significantly improved by in
creasing the UVA portion of the action spectrum (UVA/UVB therapy) (15).
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(b)
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The therapeutic effectiveness of UVA-I irradiation in the management of
patients with atopic dermatitis was first assessed in a pilot study, in which patients
with acute, severe exacerbation of atopic dermatitis were exposed one time per
day to a single dose of 130 J/cm 2 UVA-I (high-dose UVA-I therapy) for 15
consecutive days (5). The therapeutic effectiveness of UVA-I t11erapy was com
pared to that of a conventional UYA/UYB therapy by employing both modalities
as a monotherapy, that is, additional treatment was restricted in both groups to
the use of emollients. Therapeutic effectiveness was assessed by two means: (I)
an established clinical scoring system originally developed by Costa et al. (16),
consisting of a severity and a topographical score and (2) monitoring of serum
levels of eosinophil cationic protein. Serum levels of eosinophil cationic protein
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previously had been identified as sensitive parameters that reflect disease activit
in atopic dermatitis, and therefore they were used as objective parameters to
evaluate the therapeutic effectiveness of UVA-I irradiation (17). Assessment of
clinical scores demonstrated that UVA-I therapy was efficient in promptly induc
ing an improvement in clinical symptoms of patients with atopic dermatitis, and
that in comparison to conventional UVA/UVB therapy, significant differences
in favor of UVA-I therapy were observed after 6 and 15 exposures (Fig. 1).
Similarly, elevated serum levels of eosinophil cationic protein in patients with
atopic dermatitis were significantly decreased by UVA-l therapy, but remained
essentially unaltered in patients undergoing UVA/UVB therapy.

These preliminary but promising results indicated that UVA-I therapy may
represent a novel phototherapeutic modality, which could be employed as a
monotherapeutic approach to treat patients with acute, severe exacerbation of
atopic dermatitis. During subsequent years, these original observations were con
firmed by numerous reports, which mainly represent uncontrolled, open, and
sometimes not even comparative studies (18-22). The pilot study by Krutmann
et al. (5) failed to provide a direct comparison of UVA-I therapy with the gold
standard in the management of patients with acute, severe exacerbation of atopic
dermatitis-the topical use of glucocorticosteroids. In a subsequent multicenter
trial, a total of 53 patients were therefore randomly assigned to either UVA-I
therapy (once daily 130 J/cm 2

, total of 10 days) or conventional UVA/UVB
therapy (once daily, MED-dependent, total of 10 days) or topical treatment with
f1uocortolone (once daily for 10 days) (23). To this very day, this study is the
only one to provide a multicentric evaluation of the efficacy of UVA-I therapy
in a controlled randomized fashion. It was observed that after 10 treatments,
patients in all three groups had improved, but the decrease in total clinical scores
and thus clinical improvement was significantly greater in patients receiving glu
cocorticosteroid or UVA-I therapy, as compared to UVA/UVB therapy. Under
these conditions, UVA- I therapy, as compared to glucocorticosteroid treatment,
was significantly better at day 10 of therapy in reducing the total clinical score.
These clinical observations were corroborated by laboratory assessments, in
which serum levels of eosinophil cationic protein as well as peripheral blood
eosinophilia were compared before and after therapy between the three treatment
groups. In aggregate, the multicenter trial results indicate that UVA-I therapy and
glucocorticosteroid treatment are superior to conventional UVA/UVB therapy in
the management of patients witl1 acute, severe exacerbation of atopic dermatitis.
UVA-I therapy may thus be used as an alternative to glucocorticosteroids to treat
severe atopic dermatitis.

UVA-I therapy may not be performed in atopic dermatitis patients with
UVA-I-sensitive atopic dermatitis or photodermatoses such as polymorphic light
eruption (24). It is necessary to exclude these diseases prior to initiation of UVA
I therapy. This can easily be accomplished by photoprovocation testing. Except
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for eczema herpeticatum, no acute side effects have been observed in any of the
atopic dermatitis patients treated with UVA-I. No other side effects have been
observed, although potential carcinogenic risk is a theoretical concern (24). Ex
posure of hairless, albino Skh-hrl mice to UVA-I radiation has been shown to
induce squamous cell carcinoma. The actual contribution of UVA-I radiation to
the development of malignant melanoma in humans is currently under debate
and at this point cannot be excluded. Until more is known about UVA-l therapy,
its use should be limited to periods of severe, acute exacerbation, and, in general,
one treatment cycle should not exceed 10-15 continously applied exposures and
should not be repeated more than once a year. Under no circumstances should
UVA-I phototherapy be used for children « 18 years) with atopic dermatitis
(24). In order to assess potential long-term side effects of UVA-l photoherapy
in a systematic manner, in Europe a prospective longitudinal study has been
started to monitor patients treated with UVA-I phototherapy for the development
of skin cancer and photoaging.

There is an ongoing debate as to whether the therapeutic effectiveness of
UVA-l therapy is dose-dependent. Similar to a high-dose regimen with 130 JI
cm2

, a medium UVA-I dosage schedule seems to be superior to UVA/UVB (19).
A direct comparison between low-dose versus high-dose UVA-I regimen has
been performed by Dittmar et al. (unpublished). In this open study, a high-dose
protocol (130 J/cm 2

) was superior to a medium-dose regimen (50 J/cm 2
), which

was more efficient than a low-dose schedule (20 J/cm 2
). The latter observation

is consistent with previous reports suggesting that a medium-dose regimen (50
J/cm 2

) is superior to a low-dose regimen (20 J/cm 2
) (24). Also, UVA/UVB ther

apy was reported to be superior to a low-dose regimen (20 J/cm 2 ). It thus appears
that a low-dose regimen does not offer any advantage over conventional photo
therapeutic modalities. This is in contrast to medium- and high-dose UVA-l pho
totherapy. In order to achieve an optimal and long-lasting therapeutic response,
however, a high-dose regimen might be necessary (18).

Substantial progress has been made in understanding the photoimmunologi
cal mechanisms responsible for the therapeutic effectiveness of UVA-l therapy
in atopic dermatitis (25). From these studies it appears that UVA-I therapy is
capable of downregulating in situ expression of IFN-y in lesional skin of patients
with atopic dermatitis. This inhibitory effect was relatively specific since in the
same biopsies expression of neither the housekeeping gene ~-actin nor the cyto
kine IL-4 was reduced. Inhibition of IFN-y expression in atopic eczema may not
only be achieved by UVA-I therapy, but could also be seen after topical applica
tion of glucocorticosteroids and most likely represents a general mechanism by
which various treatment forms induce symptomatic relief in atopic dermatitis
( 10).

Downregulation of lFN-y expression in atopic eczema is the consequence
of direct effects of UVA-I radiation on Th I cells present within the dermal infil-
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Figure 2 Scheme of the proposed mode of action of UVA-l phototherapy.

trate (26,27) (Fig. 2). In vitro UVA-I irradiation was found to be highly efficient
in inducing apoptosis (programmed cell death) in human T cells. In vivo studies
have revealed that UVA-I phototherapy induced apoptosis in skin-infiltrating T
cells and thereby caused a gradual reduction of the inflammatory infiltrate and
a concomitant improvement of patients' skin disease (28). These observations
have stimulated interest in the use of UVA-I phototherapy for other T-cell-medi
ated skin diseases as well (29).

In addition to directly affecting epidermal and dermal T cells, UVA-I radia
tion may alter Th I cell IFN-yexpression via indirect mechanisms, e.g. by induc
ing the production of anti-inflammatory cytokines such as IL-lO by epidermal
keratinocytes, which in tum may act on T cells in a paracrine manner. In keeping
with this concept are in vitro studies demonstrating increased expression ofIL-I 0
mRNA and secretion of IL-lO protein by cultured human keratinocytes following
UVA-I radiation exposure (30).

Immunohistochemical studies employing biopsies obtained from patients
with atopic dermatitis undergoing UVA-I therapy indicate that in addition to T
cells and keratinocytes, epidermal Langerhans cells as well as dermal mast cells
represent target cells for UVA-I radiation (10). UVA-l therapy, in contrast to
UVA/UVB therapy, reduced not only the relative number of IgE-bearing Langer
hans cells in the epidermis, but also the number of dermal CDla+ Langerhans
cells and mast cells. The latter observation prompted the use of UVA-I therapy in
the treatment of patients with urticaria pigmentosa, in which immediate and long
lasting remissions from cutaneous and systemic symptoms could be achieved
(31).

Systemic photochemotherapy combines the oral administration of psoralens with
UVA radiation. Since its introduction into dermatological phototherapy some

2. PUVA Therapy
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thirty years ago, PUVA has been found to be highly effective for the treatment
of a variety of skin diseases (reviewed in Ref. 32), including atopic dermatitis.
Although there is no doubt that PUVA therapy may be successfully used not only
for moderate but also severe and even erythrodermic forms of atopic dermatitis, it
has to be realized that PUVA therapy for this disease is associated with signifi
cant disadvantages (33-39). Compared to PUVA therapy for psoriasis, the actual
number of treatments to clear atopic dermatitis was found to be relatively high.
Even more important, cessation of PUVA therapy was associated with the occur
rence of rebound phenomena in a high percentage of patients if photochemother
apy was not combined with systemic glucocorticosteroids or if maintenance ther
apy was not continued for longer time intervals extending over several years (40).
Long-term use of PUVA is of particular concern in view of the relatively low
age of patients with atopic dermatitis, and recent reports indicate that long-term
PUVA may be associated with an increased risk of developing skin cancer, in
cluding malignant melanoma (41,42). Further disadvantages result from pro
longed photosensitivity requiring protection by sunglasses to prevent cataract for
mation and the occurence of systemic side effects such as nausea in a relatively
high percentage of patients (up to 20%). PUVA therapy is thus of limited use
for the treatment of patients with atopic dermatitis and does not represent an
equivalent alternative to glucocorticosteroids or UVA-I therapy in the manage
ment of severe exacerbation of atopic dermatitis.
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3. Extracorporeal Photochemotherapy

Evidence exists that extracorporeal photopheresis may be of benefit for the man
agement of patients with severe atopic dermatitis. Extracorporeal photopheresis
consists of the passage of freshly drawn blood that contains photoactivatable
psoralen (8-methoxypsoralen) through an extracorporeal UVA exposure system
(43). It is generally assumed that UVA radiation activates pharmacologically in
active 8-methoxypsoralen, which then is thought to affect the lymphocytes within
the blood preparation, and subsequently these "modulated" lymphocytes are re
infused into the patient.

Extracorporeal photopheresis has been used with some success in the treat
ment of patients with Sezary syndrome. There are also some indications that it
might be used with benefit for the treatment of several immunologically based
skin diseases such as graft-versus-host disease (44). Prinz et al. were the first
to successfully use extracorporeal photochemotherapy for patients with atopic
dermatitis (45). They reported on three patients with severe atopic dermatitis with
a life-long history of atopic dermatitis. Because their disease had finally become
resistant to conventional therapies, extracorporeal photopheresis was started in
these patients at 4-week intervals and found to induce clinical improvement of
skin lesions associated with a reduction in serum levels of total IgE. Extracorpo
real photopheresis was not used as a monotherapeutic approach but was combined
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with external use of topical prednicarbat, which by itself was insufficient to con
trol disease activity in these patients. These studies have been confirmed in an
independent study in which three patients with previously intractable atopic der
matitis were subjected to extracorporeal photochemotherapy in a monotherapeu
tic design (46). All patients showed prompt improvement which was dependent
on the frequency of treatment cycles (Fig. 3). When extracorporeal photochemo
therapy was given at 2-week intervals. a rapid decrease in the overall skin score
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(b)

Figure 3 A patient with previously intractable atopic dermatitis before (a) and after (b)
extracorporeal photochemotherapy (4 treatment cycles).
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and in serum levels of eosinophil cationic protein and total IgE was observed.
Upon extention of treatment-free intervals from 2 to 4 weeks, however, these
beneficial effects were rapidly lost, but they were reachieved after reinstatement
of the 2 week treatment schedule. In aggregate these studies suggest that extracor
poreal photopheresis is effective for the treatment of patients with atopic derma
titis, but controlled randomized studies with larger patient cohorts are required
to confirm these preliminary observations. Also. this modality is expensive and
time-consuming, and therefore its use should be limited to atopic dermatitis pa
tients in which other modalities have proven to be ineffective.

B. Photo(chemo)therapy for Chronic, Moderate
Atopic Dermatitis

Broadband UVB therapy, combined UVA/UVB therapy, 311 nm UVB therapy,
broadband UVA therapy, or low-dose UVA 1 therapy, are effective treatments in
mild and moderate atopic eczema, but are not effective in patients with acute
severe excacerbation of their disease (1,4,6,15,18,20,24,36,47- 54). These forms
of UV phototherapy are usually not employed as monotherapeutic approaches
but rather are used in combination with topical glucocorticosteroids in order to
reduce the need for corticosteroid application.

1. UVA/UVB Phototherapy

Recent studies indicate that combinations of UVB irradiation with UVA irradia
tion, i.e., UVA/UVB therapy, are superior to conventional broadband UVB, con
ventional UVA, and low-dose UVA-I therapy in the management of chronic,
moderate atopic dermatitis. In two paired-comparison studies, Jekler and Larko
showed UVB therapy to be superior to placebo and UVB in high doses (0.8
MED) to be equipotent to UVB in moderate doses (0.4 MED) (24). The same
authors, employing a clinical scoring system, demonstrated in a paired-compari
son study statistically significant differences in favor of UVA-UVB therapy, as
compared to broadband UVB therapy (15). In this trial, patients were allowed
to continue use of topical glucocorticosteroids and, in addition, were irradiated
three times per week for a maximum of 8 weeks in a UVB-MED-dependent
manner. These careful observations further prove the concept that UVA-UVB
therapy is superior to UVB therapy in the management of patients with atopic
dermatitis (7).

2. Narrow-Band UVB Phototherapy

The patients most frequent complaint of patients undergoing phototherapy for
atopic dermatitis relates to worsening of itch and induction of sweating by heat,
which may be associated with UV, in particular UVA, therapy. In a recent study,
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George et al. incorporated air-conditioning into a 311 nm UVB irradiation unit
(6). By employing 50100 W-W TL 01 lamps equippped with reflectors, a UVB
output of 5 mW/cm2 was achieved, which resulted in maximum treatment times
of less than 10 minutes. In this well-designed study, steroid use by patients with
moderate, chronic atopic dermatitis was monitored 12 weeks prior to photother
apy, during 12 weeks of phototherapy, and followed up for 24 weeks after cessa
tion of phototherapy. Start of 311 nm UVB therapy not only decreased the total
clinical score, but also substantially reduced the use of potent steroids. These
beneficial effects were still present in the majority of patients 6 months after
cessation of phototherapy.

These studies indicate that 311 nm UVB therapy may represent the photo
therapeutic modality of choice to induce long-term improvement in patients with
atopic dermatitis. They have recently been confirmed by an independent report,
which suggested that no special cooling system is required in order to achieve
the excellent therapeutic effects reported by George et aJ. (6).

In our hands, 311 nm UVB therapy has been found to be ideal in following
UVA-I therapy, which is used in the initial phase of treatment in order to manage
acute, severe exacerbation of atopic dermatitis. UVA-I therapy is then replaced
by 311 nm UVB therapy, which is employed as an effective and presumably safe
modality for maintenance therapy (55). Because of the latter argument, it has
also been advocated to be used for children (47).

C. Photo(chemo)therapy for Chronic Vesicular Hand
and Foot Eczema

Vesicular eczema of palms and soles is a common manifestation of atopic derma
titis, which often runs a chronic course. Since clinical symptoms are limited to
defined areas of the skin, whole body UV irradiation would seem inappropriate.
The recent development of cream-PUVA therapy offers the possibility to treat
single, defined skin areas such as palms and soles without exposing nonlesional
skin to UV radiation (56). In addition, partial body UVA-I irradiation has been
proposed for this indication (57).

1. Cream-PUVA Photochemotherapy
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For cream-PUVA, a water-in-oil ointment containing 0.0006% 8-methoxypso
ralen is applied to the skin area to be treated 1 hour prior to UVA irradiation.
Optimal phototoxicity is given 1-3 hours after cream application and then rapidly
falls off. In a first report, cream-PUVA therapy was found to be extremely bene
ficial for patients with chronic hand and foot eczema (56). After an average of
40 treatments, complete remission was observed in 7 of 10 patients. These obser
vations have recently been confirmed in an independent study, in which cream-
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PUVA was reported to be superior to bath-PUVA for this indication (30). This
might be due to the fact that the repetitive use of cream-PUVA, in contrast to
bath-PUVA, does not cause desiccation of eczematous skin. In addition cream
PUVA, as compared with bath-PUVA, is easier, cheaper, and safer to perfonn.

2. Partial Body UVA-1 Phototherapy

In a recent study, palms and backs of 12 patients with chronic dyshidrotic eczema
were exposed to local UVA-I phototherapy at a single dose of 40 J/cm2 (57).
Local UVA-I phototherapy was given as a monotherapy. After 15 treatments,
there was a gradual improvement in 10 out of 12 patients. There was no relapse
over a 3-month follow-up period. It has been suggested that the latter might be
an advantage of UVA-l phototherapy in comparison with local PUVA therapy.
Controlled, comparative studies to prove this point, however, are currently not
available.

IV. PERSPECTIVES

u
.E

~
8
]
::E
iQl
.§,
'~

8
MARCEL DEKKER, INC.~

270 Madison Avenue. New York. New York 10016 IU?

In most instances photo(chemo)therapy for atopic dermatitis, in contrast to psoria
sis, has been assessed in a monotherapeutic setting. Since atopic dermatitis, simi
lar to psoriasis, is a chronic disease for which no curative treatment is available,
therapeutic safety has to be a major concern. In this regard combination regimens
are of great interest because theoretically they allow to combine modalities with
different modes of action in order to enhance efficacy and safety at the same
time. Controlled, randomized, comparative studies to assess the value of combin
ing topical steroid treatment with new phototherapeutic modalities such as 311
nm UVB or UVA-I phototherapy are therefore of significant practical relevance.
The recent introduction of topical immunosuppressants for the management of
patients with atopic dennatitis provides a completely new perspective for the
symptomatic therapy of this disease. In this regard, combination regimens pose a
major safety concern because immunosuppressive substances such as tacrolimus
might increase the risk to develop skin cancer, in particular when used in combi
nation with UV radiation. For a fair evaluation of this problem, safety studies
are an indispensable prerequsite.

Little is currently known about tlle possibility of using phototllerapy in tlle
prophylaxis of atopic eczema. A prophylactic phototherapeutic approach would
be based on the capacity of ultraviolet radiation to specifically interfere with the
initiation phase of this disease. In this regard it is of particular interest that re
peated exposures of human skin to high doses of UVA-I radiation is capable of
suppressing the development of positive skin reactions in inhalant allergen patch
tests of patients with atopic dermatitis (58). Epicutaneous application of inhalant
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allergens such as house dust mite allergen on nonlesional skin of patients with
atopic dermatitis and proven sensitization against the allergen tested has been
found to induce eczematous skin lesions within 48 hours after allergen application
in about 45-50% of patients tested (59-6l). Numerous immunohistochemical
and, in particular, immunological studies have clearly established that the skin
lesions induced are specifically caused by the inhalant allergen applied to the
skin, and not merely represent an unspecific, i.e., irritant reaction. As a conse
quence, the inhalant allergen patch test may be regarded as a model for the initia
tion phase of atopic dermatitis, which, by definition, comprises the time point at
which the skin is hit by the aeroallergen to the time point at which eczematous
skin lesions start to develop. Within the same patient, i.e., intraindividualIy, the
induction of positive inhalant allergen patch test reactions has been a highly re
producible event, and this observation enabled us to ask whether UV radiation
may have any effects on this system (62). We have found that exposure of human
skin to UVA-] radiation is highly effective in completely suppressing the devel
opment of positive inhalant allergen patch tests. This inhibitory effect was rela
tively specific, since in the same patients, preirradiation of human skin with an
equivalent dose of UVA-I radiation failed to suppress the development of posi
tive patch test reactions which were provoced by epicutaneous application of the
irritant sodium lauryl sulfate. These preliminary observations indicate that re
peated exposure of human skin to UVA-I radiation may provide protection
against initiation of atopic dermatitis lesions by inhalant allergens. This view is
consistant with the clinical observation that cessation of high-dose UVA-I ther
apy is not associated with rebound or immediate relapse of eczema in atopic
dermatitis patients. Further studies are required to assess the underlying mecha
nisms responsible for the UV A-I radiation-induced suppression of inhalant aller
gen patch test reactions. It will also be of interest to determine whether similar
effects may be achieved by other wavelengths such as 311 nm UVB therapy.
These studies may ultimately allow the development of phototherapeutic regi
mens in which patients with atopic dermatitis are irradiated at given intervals in
order to provide maximal prophylaxis against reexacerbation of their disease.
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The Psychological Aspects
of Atopic Dermatitis

Caroline S. Koblenzer
University of Pennsylvania and Philadelphia Association for
Psychoanalysis, Philadelphia, Pennsylvania

I. INTRODUCTION

Perhaps no other disease has stimulated so much interest in the complexities of
psychosomatic interaction, or generated as many theories, as has atopic derma
titis. The synonym-neurodermatitis-speaks to this; as early as 1892 (1), papers
began to appear in the literature that tentatively explored the interface between
skin and psyche in this condition. The middle of the nineteenth century, a time
of great interest in psychosomatics, produced numerous publications about atopy
and the emotions. These have been ably summarized by Obermayer (2), Witt
kower and Russell (3), and others (4-6). More recently, advances in psychoneu
roimmunology (7) and in our understanding of both emotional development (8
11) and the emotional impact of physical illness on patient and family (12) have
led to a renewed interest in this very important aspect of atopic dermatitis, to
which genetic predisposition, emotional environment, and developmental influ
ences all contribute.

II. NORMAL EMOTIONAL DEVELOPMENT AND THE
IMPORTANCE OF EMPATHIC TACTILE EXPERIENCE
FOR HEALTHY DEVELOPMENT

519

There is much evidence to support the belief that patients who exhibit strong
psychosomatic interactions have experienced predisposing difficulties in very
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early life. These difficulties have to do with certain aspects of the very earliest
relationships (12,13). The quality of tactile stimulation experienced by the infant
and the emotional environment in which that experience takes place have a major
impact on the development of three very important emotional functions, each of
which plays a role in the life of the atopic individual because of the inherent
qualities of the atopic skin. These functions are the evolution of physical and
emotional boundaries that determine the integrity of the body image, the level
of self-esteem that is engendered, and the capacity of the individual to master
the modulation of emotion effectively (5,8-11). This latter, as we shall see, is of
crucial importance if the individual is to be protected in later life from expressing
emotional distress in the fonn of physical symptoms.

A. Body Image and Self-Esteem
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B. The Capacity to Modulate Emotion

In early infancy, all tension is released through physical pathways. Anxiety, frus
tration, and pain are expressed in physical movement, crying, and autonomic
discharge. Irutially this discharge is modulated by a two-way, nonverbal commu
nication that takes place through close physical contact with the mother or pri-

Already in utero there is progressive development of tactile perceptive function
in fetal skin. This can be demonstrated over the entire body surface by 32 weeks
of gestation (14) and is crucial both for development of the body image and as
a source of sensual gratification and self-esteem (8-11,14,15). Through cutane
ous and kinesthetic stimulation, the physical boundaries of the self begin to be
defined and a body image laid down, first by contact with the uterine wall and
later, after delivery, through the empathic touch of loving caregivers. It can be
shown that the greater the amount of touch an infant receives in a loving and
stable environment during the early months of life-touch that is in tune with
the infant's own specific tactile and emotional needs-the closer that internal
image will be to objective reality (8-11,14-16), the more stable will also be the
physical and emotional boundaries, and the more secure the personal and sexual
identity, as the individual matures. In addition, loving touch is a source of emo
tional gratification and of self-esteem; the more empathic it is, the more attractive
the individual feels, the more he will like himself, and the closer he will feel to
others (14). In the atopic patient, for reasons that will be addressed below, it is
not unusual to find self-esteem diminished, relationships suboptimal, and bound
aries ill-defined. Thus, the integrity of the body image, the level of self-esteem,
and the capacity to relate to others are all intimately entwined, and are largely
determined by the quality of the early cutaneous experience and the emotional
environment in which it takes place.
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mary caregiver. As she soothes her infant, her calming presence modulates his
autonomic discharge until self-regulation is established. She also transmits to him
a full range of her own emotional expression (14, 17,18). Thus, the negative feel
ings of an anxious, angry, or hostile mother are picked up and mirrored by the
infant, escalating his distress, while the relaxed, confident, and loving mother
has a calming influence, helping her infant to learn to modulate anxiety, which
is the infantile precursor of mature emotional experience (18). If these regulatory
mechanisms are not internalized in infancy, at a later time, after the development
of speech, tension will not be discharged optimally through the medium of
dreams, fantasy, and play (19), words may not be developed to describe emotion
(20,21), and the discharge of tension will continue through physical pathways
(19), with associated physical symptoms.

III. THE SIGNIFICANCE OF EARLY DEVELOPMENTAL
FACTORS IN ATOPIC DERMATITIS

For the atopic infant, vulnerable and abnormal-looking skin creates many vicissi
tudes along the developmental path described above. Inherently itchy and uncom
fortable (13,23), the infant cannot readily be soothed, while the mother, unable
to calm her increasingly frantic infant, herself becomes anxious, frustrated, and
perhaps angry. Her distress is readily picked up by the infant, serving only to
increase his anxiety and escalate the tension between the two. The quality ofthis
interaction reduces the opportunity for the infant to internalize the capacity to
modulate emotion, creates an ongoing cycle of discomfort for both, and increases
the likelihood of later somatization (24-28). The higher than normal levels of
anxiety characteristic of atopic individuals are most likely related to this early
experience.

In terms of the developing body image, the part played by the altered sen
sory function of atopic skin is not fully understood, but in clinical practice we
find that in the atopic patient, physical and emotional boundaries are frequently
blurred. Scratching may then become a means of defining the physical boundaries
of the self and a way to express feelings with which the individual may not be
in touch, and for which no words can develop (29). Interference in the normal
passage through this developmental phase may permit the skin to retain its early
phase-appropriate significance as a primary source of sensual gratification and
self-esteem, with a parallel arrest of other aspects of the personality. Alterna
tively, a fixation point may develop to which regression may occur at times of
stress in an individual whose development has otherwise been uneventful (30).
In practical terms, this emotional fixation, or regression, is expressed in terms
of increased cutaneous reactivity and emotional immaturity.
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IV. THE PROCESS OF SOMATIZATION
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The concept of a developmental failure in the capacity to express and process
feelings through the medium of words and fantasy, or a regression to that state
at times of stress, provides a working hypotheses for the "why" of somatization,
which is supported by psychoanalytic studies (l0,19-22). These studies show
that, in addition to expressing emotional content through physiological pathways
in a way that may lead to physical symptom, such an individual is usually imma
ture in other ways, showing a tendency towards dependent behaviors and having
poorly developed psychological coping mechanisms-personality characteristics
that are shown to affect disease susceptibility (31,32). Patients with severe atopic
dermatitis frequently fit this profile (27,33). Although it is not yet possible to
outline exactly the' 'how" of somatization, the rapidly expanding field of psycho
neuroimmunology is providing many exciting clues as to the ways in which psy
chosocial and developmental factors contribute to a complex bi-directional sys
tem of intercommunication between the central nervous, neurohormonal, and
immune systems, which can, in tum, lead to peripheral immunological and in
flammatory changes (34-39).

A detailed discussion of the information currently available in this area is
beyond the scope of this chapter, but in simple terms, centers in the cortical and
limbic forebrain, which mediate cognitive and affective processes, respond to
stress, to affective states, and to sensory input from both the outside and the inner
worlds. Through connections with the hypothalamus, these centers activate both
arms of the stress response and stimulate the release of pituitary hormones that
mediate immunological and inflammatory reactions peripherally. These same cor
tical and limbic centers can also respond to immunological change with altered
neuronal activity or monoamine metabolism (35,37). Autonomic nerves supply
immunological tissues, and while lymphocytes, monocytes, and macrophages
carry neurohormone receptors, they can also synthesize neurohormones, such as
adrenocorticotropic hormone (ACTH), melatonin, and endorphins, which regu
late cutaneous inflammation, and cell proliferation (38). Thus, it is clear that
pathways exist whereby cognitive and affective material can be processed and
translated into physiological transactions that result in physical change peripher
ally, and physical change can alter cognitive and affective processes in the central
nervous system.

What constitutes a stressor may be quite obvious and external, or stress may
be engendered by activation of old memories or the reinterpretation of seemingly
inconsequential events in the light of past experience. Response is individual,
and what is stressful to one may be exciting and stimulating to another. Acute
and chronic stress (or strain) affect immune mechanisms by influencing the redis
tribution of immunoreactive cells and the release of cytokines (35-41). Gender
differences in response to stress may implicate other neuroendocrine pathways,
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As we know, genetic, developmental and environmental factors all play a part
in the genesis and perpetuation of severe atopic dermatitis. Early studies showed
that infants who subsequently developed the disorder demonstrated at birth

such as the hypothalamic-pituitary-gonadal pathway, since female honnones gen
erally enhance inflammation (42). These mechanisms have been studied inten
sively in certain infective processes (37,42), and in autoimmune disease (37,42).

A particularly fruitful area of research in recent years has been the study
of neuropeptides, more than 40 of which have so far been identified. These agents
are ubiquitous throughout the body, acting as neurotransmitters, as vasoactive
agents, and as mediators in numerous other interactions, including immune regu
lation (34,39). As part of the stress response, they are released centrally and
peripherally. Relevant to cutaneous function, neuropeptide receptors have been
identified on B cells, T cells, monocytes, Langerhans cells, keratinocytes, fibro
blasts, and endothelial cells (22,34,36,38-41). They have also been identified on
autonomic and sensory nerve fibers, particularly the cutaneous nociceptive C
fibers. In the skin, neuropeptides act directly on the vessel walls to produce vaso
dilation and also, by release of cytokines from mast cells and endothelial cells,
as mediators of inflammation; via corticotropin-releasing honnone (CRH) and
pro-opiomelanocortin they take part in immune modulation. Substance P, vaso
active intestinal peptide (VIP), and calcitonin gene-related peptide (CGRP), in
particular, have been associated with the wheal-and-f1are response (23,44) and
of special significance in atopic dennatitis, since it is such a cardinal feature of
the disease-with itching (42). The endogenous opioids and serotonin have also
been associated with itching and may be released as part of the stress response.
Depression and anxiety, with or without overt skin disease, are also associated
with itching, and there is evidence to suggest that the release of endogenous
opioids may occur in response to stressful situations in which the individual feels
helpless, a state particularly common in those who are depressed (49). Thus,
although exact pathways and mechanisms have not yet been worked out, there
are numerous connections between the cognitive and affective areas of the brain,
the stress response, the immune system, and a variety of inflammatory mediators,
which can help to explain what has long been recognized clinically-that in
flammatory skin disease can be precipitated or exacerbated by situations that are
experienced as stressful.

Another psychological phenomenon that may playa part in atopic denna
titis is that of conditioning. As with animals, human subjects can be conditioned
to carry out mechanical acts, and evidence suggests that the act of scratching
may in some cases be the result of conditioning (50).

V. PSYCHOSOMATIC FINDINGS IN ATOPIC INDIVIDUALS
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greater cutaneous excitability than did nonaffected children, as measured by the
cremasteric and rooting reflexes (13). From a developmental perspective, the ear
liest relationships clearly playa crucial role (see Sec. ll). Early work in this area
focused on the inability of emotionally immature, impoverished, and covertly
hostile mothers to meet the needs, specifically the tactile needs, of their inherently
itchy infants (13,51-56). More recently clinical observation shows that even ma
ture and emotionally healthy mothers may have difficulties. That the child is
visibly flawed arouses ambivalent and conflicting emotions in the mother, of
which she may not be consciously aware. Disappointment, shame, and guilt may
intrude on her loving acceptance and may make her either reject the child emo
tionally or, in defense against unacceptable negative feelings, fail to set appro
priate limits so as not to frustrate him. These responses, inevitably reinforced by
the child's restlessness and discomfort, impact negatively upon the child in the
ways described earlier. Unable to comfort the child, and exhausted from lack of
sleep, the mother feels inadequate and insecure in her parenting skills. She be
comes increasingly anxious, and frustration and anger foment the negative side
of the ambivalence, leading to a constellation of behaviors that we see over and
over again in clinical practice (12,24,56). Fearful of upsetting him further and
empathic to his distress, the mother allows herself to be manipulated by the tiny
tyrant, whose needs soon rule the household. Frequently the child is nightly taken
into the parental bed, to the detriment of the parental relationship (24).

Certainly cultural factors influence attitudes towards co-sleeping (58), but
in the United States, where it is not customary, psychoanalytic studies show that
this environment provides more emotional stimulation than the young child can
tolerate, leading to increased anxiety (24,30,58,59). From the parental perspec
tive, it is our experience that the mother commonly gives her full attention to
preventing her child from scratching, while the father may be relegated to sleep
ing on the couch, which understandably increases emotional tension within the
family. This level of emotional gratification deprives the infant of incentive to
give up the manipulative and sensually satisfying scratching behavior, which
soon becomes a conditioned response (50) and which, by releasing inflammatory
mediators locally, serves to perpetuate the disease.

Though findings are inconsistent, a number of studies support the clinical
observations described above. Higher levels of state and trait anxiety and depres
sion (60) can be demonstrated in atopic individuals (61), in whom perceived itch
may be enhanced in response to stress (62), while increased environmental stress
within the family is associated with more severe disease (63). Conditioned re
sponses can more easily be achieved in those with higher levels of anxiety (60),
and in many patients scratching has the quality of a conditioned response. An
other study showed that the failure of mothers of preschool children to set limits
for fear of confrontation and increased scratching was reflected in psychosocial
and motor delay in the children and increased stress and feelings of insecurity
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in the mothers (64)-findings that are entirely consistent with our own clinical
observation. While as many as 81 % of patients with atopic dermatitis report their
condition to be aggravated by stress (23), there are some who respond to stressful
situations by scratching, without conscious awareness of the cause.

Much has been written about the role of conscious or unconscious unex
pressed anger as a precipitant of atopic dermatitis (46,65-67), and recent work
suggests that, although in one study more than half of the patients were aware
of their anger and of its source, there are many who, by the psychological defense
mechanisms of denial and repression, avoid experiencing hostile feelings and
their attendant itching (24). Reportedly there are patients who experience frustra
tion in situations where they feel helpless, a feeling that is associated with release
of endogenous opioids, neuropeptides that are associated with itching. One recent
study supports this finding and confirms that adult atopic patients are more anx
ious and show greater psychophysiological reactivity than patients with psoria
sis or control subjects. These patients were more likely to feel angry, but less
likely to express it or to act assertively (45). While aggressive feelings usually
cause distress, some patients achieve sensual gratification and tension release by
scratching. Much has been written about this erotic component of the itch-scratch
cycle in the older literature (2,3), and in clinical practice there are patients who
will confinn it.

VI. THE IMPACT OF SEVERE ATOPIC DERMATITIS
ON THE QUALITY OF LIFE

Any chronic illness inevitably has an impact on patient and family. When the
onset is in infancy, and when the demands in time and money are as great as for
patients with atopic dermatitis, the impact is that much more profound. A recent
study has shown the social and financial cost to the family, for the care of a
child with moderately severe atopic dermatitis, to be greater than that for insulin
dependent diabetes mellitus (68). Apart from the ambivalent feelings engendered
in the mother and the dysfunctional nature of the mother-child relationship so
often seen in these families, and discussed above, there are many practical consid
erations that affect the parents and siblings of the atopic child that, even under
the most favorable circumstances, may generate resentment and conflict (12).

Topical treatments are expensive and time-consuming, often straining the
family budget, limiting clothing, and taking the mother's attention away from
her husband and her other children. Activities for the family may be restricted,
not only because of financial restraints, but in order to avoid situations in which
the itching may be aggravated (69). Social interaction for the parents is often
limited because of anxiety about leaving the patient and because it is hard to find
anyone willing to baby-sit the afflicted child (63). Siblings, feeling left out and
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unimportant, may resort to attention-seeking behaviors, which may further disrupt
the family (24), while for the patient so much attention focused on the body may
be experienced as intrusive, an assault, particularly if the genitals are involved
(70). Alternatively, the body may become overvalued and the focus of later hypo
chondriacal concerns.

The parents must constantly be on guard to protect the patient from stigma
tization (71,72), ready to reassure others that the condition is not infectious or
contagious. Once the child reaches school age, difficulties may arise because his
physical appearance, and the attention that his condition has demanded may al
ready have caused him to view himself as defective or different at a time when
"sameness" is crucial. Not only does the rash make him different, but he is
likely to be smaller than the norm and behind in his motor and psychosocial
development (24,61,63,64), his behavior dependent and clinging, and his perfor
mance impaired by sleep deprivation (73-75). As a result, his self-esteem is
likely to be diminished. Both his appearance and his constant scratching may
arouse anxiety in his peers, in defense against which they may make the patient
the butt of teasing and aggressive behavior. Aware of the negative response he
has generated, the patient may withdraw socially, becoming isolated, and function
suboptimally in all areas of his life. Alternatively, in reaction to the feelings of
rejection, he may become pushy and aggressive, driving people away and further
increasing his isolation. When exudates, crusts, or odor are part of the picture,
the situation is even more distressing, and many adult patients movingly describe
their childhood confusion about causation and the pain of feeling contaminated,
dirty, and unlovable-and often also guilty, as though the rash were punishment
for some unnamed and terrible hidden crime (24,61,63).

Adolescence is particularly difficult for patients because of increased peer
pressure and because the age-related consolidation of personal and gender iden
tity imposes an additional stress. If body image and self-esteem are already frag
ile, the pressures may lead to real psychological difficulties, particularly if the
face or genitals are involved (76-79). In adult life, though perhaps recognized
as illogical, the childhood worries and beliefs often still persist at some level.
The constant itching and persistent rash are now an integral part of the body
image, and in their inner lives, many patients continue to feel guilty and flawed
or damaged, perceiving themselves as unlovely and unlovable (79).

Because of the physical appearance, or because of the need to avoid contact
with irritants, employment and recreational oppOltunities are often limited, as are
clothing choices (69,71). Patients are resentful and angry about these limitations
and about the time and money that they must expend on skin care that is often
messy and uncomfortable (69,71). This expenditure may also occasion guilt, par
ticularly if it puts a strain on a family budget or deprives a child of a wished-for
opportunity (68). The characteristic high levels of anxiety, dependent personality,
difficulty in handling anger (45,46,61,62), and feelings of ineffectiveness all con-
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tribute to interpersonal difficulties for these patients, who may develop rather
passive, self-defeating modes of relating (45).

Surprisingly, it is only in the past decade that serious attention has been
paid to the quality of life for the patient with chronic skin disease. This very
important aspect of dermatology, as we have seen, has implications not only for
the patient, but also for the family and the community. Attempts have been made
to develop indices that will quantify, reliably and reproducibly, the impact of a
number of different skin diseases on the physical and psychosocial aspects of
the patient's life (80,81). These measures have some importance in validating the
very real disability caused by skin disease, as compared with the more commonly
recognized systemic diseases. They are important also in providing a patient
oriented means of clinical monitoring, in assessing the effectiveness of different
treatment modalities (82) and the effectiveness and availability of clinical ser
vices (83).

Though much of the early work in this area concerned psoriasis and acne,
the Dermatology Quality of Life Index (DQLI) and the Children's Quality of Life
Index (CDQLI) (85) reflect many aspects of the physical social and emotional life
of patients with a number of skin diseases and confirm that for the patient with
atopic dermatitis, the toll is very heavy indeed (68,86,87).
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VII. PSYCHOLOGICAL TREATMENT OF PATIENTS
WITH ATOPIC DERMATITIS

A. The Psychotherapies

In the treatment of any chronic disease, the power of the doctor-patient relation
ship, as a therapeutic tool, is something we cannot afford to lose sight of. This
is especially the case in atopic dermatitis because of the specific nature of the
disease and the impact on patient and family. Unless the doctor, the patient, and
the parents can forge a trusting relationship, even the latest scientific advances
are likely to be of little benefit. Strong feelings of anger, frustration, and guilt,
though perhaps hidden, are prevalent in all the involved parties, while the anxiety
so characteristic of these patients may be heightened still further by lack of infor
mation about the causation, common triggers, and implications of the disease
(5,24).

It is important for the doctor to allow the patient to know that he or she
can empathize with the feelings of patient and family and with the burdens im
posed by the illness and its treatment. The patient and family should know that
these feelings are understandable and allowable and that, if they can be freely
verbalized, they are less likely to be acted out in counter-productive ways (24).
Education, at a level that the patient or parent can readily understand, is central
to establishing rapport and should address our current knowledge, possible ex-
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acerbating factors, and expectable course of the disease. This information will
help to temper anxiety, enhance compliance (24,27,88,89), and provide a basis
for helping the patient to develop optimal coping skills. Another aspect of the
doctor-patient relationship is the doctor's own emotional response to the other
players in the drama. Exacerbating or unresponsive disease, noncompliance, or
overly dependent, demanding, or entitled behavior may arouse frustration, anger,
and anxiety in the doctor. with a resulting breakdown in empathy. This is a not
uncommon reason for patients to "doctor-shop."

The parents of infants and small children need education about the impor
tance of empathic but not excessive touch and about the potential risks of ongoing
genital manipulation (24,70), which should become the domain of the patient
as soon as he or she is able to handle the responsibility. Parents need help
with limit-setting, with interfamily relationships, with understanding the potential
problems due to sleep deprivation, and with control of the manipulative use of
scratching (24,63,64,73,74,89). Massage therapy has been found helpful in smaJJ
children (90), and counseling services for mothers and support groups have a
place in the overall management.

In the treatment of adults, early work described the benefits of psychoana
lytic (91) and insight-oriented psychotherapies, and there is still a place for these
treatment modalities (10,22,24,33,92-94). Supportive (95), behavioral (96), and
group therapies (97,98), stress-reduction techniques (97,98), and hypnotherapies
(99-101) are also reportedly effective, while attention has recently been turned
to alternative therapies in dermatology (102). Many parents find support groups
helpful, not only for emotional support, but for the exchange of information about
coping strategies and the availability of resources (98,103). An interesting emer
gent phenomenon is topical steroid phobia in atopic eczema, and patients must
be helped to approach this concern rationally (104).

B. The Use of Psychotropic Drugs in Atopic Dermatitis

1. Anxiolytic Drugs
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Anxiety, depression, itching, and sleep difficulties are all characteristic of atopic
dermatitis, and all may be treated with psychotropic drugs (105,106). Anxiety is
characterized by autonomic arousal, edginess, motor restlessness, apprehension
and dread, fearing the worst, irritability, insomnia, increased or decreased appe
tite, and fatigue. In the atopic patient, anxiety may also be characterized by
scratching, and when itching is regularly exacerbated by stress, with or without
any or all of the other symptoms mentioned, anxiolytic drugs are indicated. The
benzodiazepines and buspirone are the anxiolytics most frequently prescribed,
but doxepin at bedtime is helpful if itching disturbs sleep. If there is a compulsive
quality to the scratching, the serotonin antagonist antidepressants or certain of
the atypical antipsychotics may be indicated.
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When itching is wholly intractable and unresponsive to any of the usual dermato
logical or psychiatric approaches, pimoside (Orap) or olanzepine (Zyprexa), in
very low doses, may be tried (105,106). In addition to dopamine pathways, pimo
side's association with opioid receptors (105) may account for its very powerful

The benzodiazepines have an immediate effect, but they are sedating, habit
forming, and subject to tachyphylaxis. It is recommended, therefore, that these
drugs be reserved for acute anxiety or the stress associated with physical illness.
The characteristics and dosage schedules for these drugs are listed in Table 1.
Alprazolam (Xanax) has the advantage that it also has some antidepressant action
and may therefore be helpful in situations where both anxiety and depression
pertain. For chronic anxiety, a better drug is buspirone (BuSpar), which is neither
habit-forming nor sedating and is not subject to tachyphylaxis. Buspirone is usu
ally well tolerated, but takes up to three weeks to take effect. It is advisable to
start with a low dose and increase gradually to therapeutic levels to minimize
side effects. It is acceptable to prescribe one of the short-acting benzodiazepines
along with the buspirone until the latter takes effect. The characteristics of buspir
one are listed in Table 1. In childhood, promethazine (Phenergan) is still a particu
larly useful agent because of sedative and antihistamine effects.

2. Antidepressants

Depression is characterized by changes in sleep or appetite, decreased sex drive,
irritability, poor concentration, "always tired," anxiety and worry, social with
drawal, loss of interest in former pursuits, and feelings of helplessness and hope
lessness. Unexplained physical symptoms are often part of the picture as well
as, in atopic dermatitis, intractable itching. Two groups of antidepressant drugs
are commonly used in dermatology (105,106): tricyclics and specific serotonin
reuptake inhibitors (SSRIs). The characteristics and dose schedules for these
drugs are listed in Table 2. The tricyclics, though tried and true, are less well
accepted because of a less favorable side effect profile. However, because of the
advantage of sedative and strong antihistamine effects, doxepin, in a small dose
at bedtime, may be a useful addition to the treatment regimen.

The SSRIs act almost exclusively on serotonin receptors and therefore have
few of the cholinergic side effects of the cyclic drugs. Though in terms of antide
pressant effect, all in the group are reportedly equally effective, as with any psy
chotropic drug, individual response is unpredictable, and it may be necessary to
try another in the group if the desired response is not achieved. In recent years,
several of these drugs have been approved for treatment of anxiety states, and
paroxetine may be a good choice if, along with depression, anxiety is a prominent
patt of the picture.

3. Atypical Antipsychotics
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Table 1 Anxiolytic Drugs
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Drug

Alprazolam
(Xanax)

Buspirone
(Buspar)

Promethazine
(Phenergan)

Onset of
action

Peak in 2
hours

2-4 weeks

20 minutes
-6 hours

Dose

0.25-1.0 mg once
daily at bedtime,
to four times
daily, pm, anxi
ety; taper slowly
on discontinuing

5 mg twice daily,
increasing by in
crements of 5
mgm daily to a
total of 10-15
mg X 3, daily

6.25-25 mg once
daily at bed
time, to four
times daily as
needed for itch
ing, or anxiety.

U1
W
0

Common Withdrawal
Drug interactions Advantages disadvantages symptoms

Itraconazole Immediate onset Sedation Headache
Fluconazole Some anti- Possible depen- Insomnia
Erythromycin depressive action dency Motor rest-
CNS depressants CNS depression lessness
Alcohol (decrease Impaired coordina- Depression

the dose of Alpra- tion and cog- Confusion
zolam) nition

MAO inhibitors Nonsedating Delayed onset of ac- None
Nefazadone Non-habit-forming tion (may use al-

(Serzone) Little interation prazolam, until
Erythromycin with alcohol buspirone takes
Itraconazole Long-term use in effect)
Fluconazole (de- chronic condi- Headache, nausea,

crease the dose tions not contra- dizziness if dose
of Buspirone) indicated increased too

quickly
CNS depressants Antihistamine Drowsiness None
Alcohol Antipruritic Lowers seizure

Sedative threshold
Cholinergic effect
Possible extra- '"0

pyramidal effect C'
CD
:::::J
N
Cll...
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Table 2 Antidepressant Drugs

1. SSRIs-In order to reduce side effects to a minimum, dosing should start with half the lowest dose available. This should be raised
only once weekly by increments of the same amount until the desired effect is achieved. The drug is given once daily, with food.
The time of day is determined by whether or not the patient experiences somnolence.

Drug

Fluoxetine
(Prozac)

Paroxetine
(Paxil)

Sertraline
(Zoloft)

Dose Onset of
(mg) action Drug interactions

5-60 1-4 weeks MAO inhibitors
Alcohol
Tryptophan

5-50 Warfarin
Sumatriptin (Imitrex)
Drugs metabolized by cytochrome

25-200 p450 enzymes, including tricyclics

Advantages

No antihistamine, cholinergic, or
a-adrenergic action

Disadvantages

GI distress
Insomnia
litteriness
Restlessness
Headache
Increased per-

spiration
Decreased libido
Delayed orgasm
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2. Venlafaxin (Effexor)-This antidepressant combines serotonergic with adrenergic effects. It has a more rapid onset of action than
the SSRIs, and is less likely to interact with the other drugs listed. The side effect profile is similar to that of SSRIs, but blood
pressure should be monitored initially because of occasional treatment emergent hypertension. In some patients it has an antipru
ritic effect. Dosing starts with 18.75 mg twice daily and is increased by 18.75 mg every 3 days to a dose of 75 mg twice daily.

3. Doxepin-This tricyclic antidepressant has a powerful antihistamine effect and is useful as a sedative and antipruritic, in doses of
10-25 mg at bedtime. The sedative and cholinergic effects limit its usefulness as an antidepressant.

Copyright © Marcel Dekker, Inc. All rights reserved.
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Table 3 Atypical Antipsychotic Drugs

Note: In the doses recommended for dermatology patients, side eifectsJlaYe~",ee""nU-O.mllJll·nY.J.in:lL.L!"4"'1 _
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Drug

Pimozide
(Orap)

Olanzepine
(Zyprexa)

Onset of
action

Peak antipruritic
action 4-12
hours

6 hours
Steady state in

1 week

Dose

0.5-2.0 mg once
daily, given at bed
time, unless it
causes insomnia
(then give in AM)

2.5 mg once daily, or
alternate days, at
bedtime

Drug interactions

Drugs that prolong
Q-T interval

Macrolide antibiotics
Itraconazole
Fluconazole

Carbamazepine (de
crease dose of
Olanzepine)

Alcohol

Advantages

Potent antipruritic
Some anticompulsive

and impulsive effect
on scratching

Sedative
Some anticompulsive

and anti-impulsive
effect on scratching

Common
disadvantages

Impaired coordination
Anticholinergic effect
May lower convulsive

threshold
Reversible extra

pyramidal symp
toms at start of treat
ment (tardive
dyskinesia not re
ported in dermatol
ogy patients, to
date)

Drowsiness
Sedation
Insomnia
Motor restlessness
Orthostatic hypoten-

sion
Drowsiness
Impaired cognitive

and motor function
(dose-related)

Hyperprolactinemia
Headache
Cholinergic effect
Antihistamine effect
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'Doxepin is a tricyclic antidepressant, with powerful antihistamine, antipruritic, and sedative effects-useful as a hypnotic.
b Flurazepam is a short-acting benzodiazepine auxiolytic with s~OJL1haunakes it a useful hypnotic., _
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Table 4 Hypnotic Drugs

Drug

Diphenhydramine (Bena
dryl) antihistamine

Doxepin (Sinequan), antide
pressant'

Trazadone (Desyrel), antide
pressant

Zolpidem (Ambien), non
benzodiazepine

Flurazepam (Dalmane), ben
zodiazepine b

Dose (mg)

25-50

10-25

50-100
(with food)

5-10

15-30

Drug interaction

Alcohol

MAO inhibitors; alcohol;
drugs metabolized by cy
tochrome p450; SSRI an
tidepressants

(unlikely to cause problems
in low-dose schedules)

Alcohol

None reported

Alcohol

Advantages

Antihistamine
Antipruritic
Non-habit forming
No tachyphyllaxis
Antihistamine
Antipruritic
Non-habit forming
No tacchyphyllaxis

Non-habit forming
No tachyphyllaxis
Safe in patients taking

M.A.O.I.'s
Probably not habit forming
No rebound insomnia
No tachyphyllaxis
No ante-retrograde amnesia
Rapid onset of action
Rapid onset of action

Disadvantages

Oversedation
Dry mouth and mucous

membranes

Cholinergic effect

Dry mouth
Priapism (rare)
Orthostatic hypotension

Lacks muscle relaxant prop
erties

Habit forming
Rebound insomnia
Daytime sedation
Withdrawal reactions
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antipruritic effect. The action of olanzepine in this regard is not fully understood.
The characteristics and dose range for these drugs is listed in Table 3.

4. Hypnotics

Sleep deprivation due to itching is a major problem for many atopic patients.
Doxepin and trazadone (Desyrel), another antidepressant, in a low-dose regimen
(see Table 4) may be used for sleep without fear of dependency. Hypnotics, such
as zelpidem (Ambien), like the benzodiazepines, should be reserved for short
term use.

5. Psychiatric Referral

Characteristically, even when there is a strong psychological component, derma
tology patients tend to resist psychiatric referral, but when things are not going
well, despite adequate trials of all the above approaches, referral is indicated (5).
Once rapport is established, it is often possible to help the patient to identify
situations and patterns of behavior, or dysfunctional modes of relating, that are
stressful and that trigger flares. Once these are established and the patient can
see that the quality of life is impaired, the patient may be encouraged to accept
psychiatric referral.
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Topical Macrolide
Immunomodulators for Therapy
of Atopic Dermatitis

Sakari Reitamo
University of Helsinki, Helsinki, Finland

I. INTRODUCTION

To date, tacrolimus (FK 506) and the ascomycin derivative pimecrolimus (SDZ
ASM 981) are the most studied topical macrolide immunomodulators. Both of
these drugs have a high specificity for inhibiting the expression of inflammatory
T-cell cytokines and have shown promising results in the treatment of atopic
dermatitis (AD) when applied topically. This chapter will review the pharmacol
ogy and clinical findings for these agents.

II. ORIGINS

Tacrolimus was discovered, using the mixed lymphocyte reaction as a screening
method, by T. Goto and colleagues in 1984 from a strain of Streptomyces isolated
from a soil sample from Mount Tsukuba in Japan. They named this strain Strepto
myces tsukubaensis after Mount Tsukuba (1). Pimecrolimus is a derivative of
ascomycin, the latter being discovered in a screen for antifungal agents from
the strain Streptomyces hygroscopicus var. ascomyceticus and later assessed for
activity in the mixed lymphocyte reaction (2,3). Both ascomycin and tacrolimus
have antifungal activity (2,4). Ascomycin differs from tacrolimus at a single site
with an ethyl group instead of the propenyl side chain residue (Fig. I). Tacrolimus
and pimecrolimus have similar molecular weights (822.05 for tacrolimus and
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Figure 1 Molecular structures of tacrolimus, ascomycin, and pimecrolimus/SDZ ASM
981. (Adapted from Refs. 1,3, and 24, respectively.)

810.48 for pimecrolimus) and similar structures, the differences being the above

mentioned ethyl group of ascomycin in pimecrolimus instead of the propenyl
side chain residue and an exchange of a hydroxyl group in tacrolimus for chlorine

in pimecrolimus to make pimecrolimus more lipophilic (Fig. 1).

III. MECHANISM OF ACTION

Tacrolimus and pimecrolimus have similar modes of action (Fig. 2). Both
drugs bind to the FK506-binding protein (FKBP-12), a 12 kDa macrophilin. The

FKBP-12/tacrolimus (or pimecrolimus) complex inhibits the phosphatase activity

of calcineurin and thereby the dephosphorylation of the nuclear factor of activated
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Figure 2 T cells and Langerhans cells in atopic dermatitis. Fc£RI: high-affinity TgE
receptor; FKBP: FK-binding protein; lMP3: inositol-3-phosphate; IL-2R: interleukin-2
receptor; NF-ATp: nuclear factor for activated T-cell protein; PKC: protein kinase C; LC:
Langerhans cell. (a) Antigen presentation by Langerhans cell (LC) to THELPER cell. (b)
Effect of tacrolimus/pimecrolimus on antigen-presentation by LC and activation ofTHELPER
cells. Tacrolimus downregulates the expression of Fc£RI in LC. The effect of pimecroli
mus on LC has not been studied. In T HELPER cells, tacrolimus/pimecrolimus inhibits the
expression of inAammatory cytokines by blocking the dephosphorylation of NF-ATp.
(From Ref. 10.)
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T-cell protein (NF-ATp), a transcription factor necessary for the expression of
inflammatory cytokines. Inhibition of T-cell proliferation in the mixed lympho
cyte reaction by tacrolimus (1) and pimecrolimus (5) principally reflects down
regulation of the expression of the cytokine interleukin-2 (IL-2). Tacrolimus also
inhibits the expression of the T-cell cytokines IL-3, IL-4, IL-5, granulocyte
macrophage colony-stimulating factor (GM-CSF), interferon-y (lNF-y), and
tumor necrosis factor-a (TNF-a) (6). Pimecrolimus has been shown to inhibit
in T cells the expression of IL-2, IL-4, IL-IO, and INF-y (5). In the immune
pathology of AD, type-2 T-helper (Th2) cell cytokines (principally IL-4 and
IL-5) mediate the early inflammatory response and eosinophil proliferation,
and Th1 cell cytokines (principaJly INF-y) mediate the late and chronic phases
of the inflammatory response (7,8). IL-3, GM-CSF, and TNF-a, in addition
to IL-4 and IL-5, are important in the eosinophil inflammatory response in
AD (8).

In addition to T cells, Langerhans cells as antigen-presenting cells seem to
play an important role in AD (9,10) (Fig. 2a). AD is characterized by strong
expression of the high-affinity receptor for IgE (FcrRI) on antigen-presenting
epidermal dendritic cells, i.e., Langerhans cells and related CD1a+ dendritic cells
(9). Thus, FcrRI is a potential target in AD therapy. In vitro, tacrolimus downreg
ulated the expression of FcrRI (Fig. 2b), whereas betamethasone upregulated its
expression (11,12). The effect of pimecrolimus on FcrRI expression has not been
assessed.

Cutaneous mast cells and basophils are involved in the pathophysiology of
cutaneous inflammation and in the mediation of itch in AD. In human skin mast
cells activated with anti-IgE, tacrolimus inhibited the release of histamine and
de novo synthesis of prostaglandin D2 (13). The release of histamine and de novo
synthesized peptide leukotTiene C4 from activated human basophils was also in
hibited by tacrolimus (14). In an in vitro mouse system, tacrolimus inhibited
cytokine release of stimulated mast cells but not their proliferation (15,16). Pime
crolimus shares a specificity for mast cells. Pimecrolimus inhibited the release
of the preformed pro-inflammatory mediator hexosaminidase from stimulated
mouse mast cells (5). In rat basophilic leukemia cells, pimecrolimus inhibited
FcrRI-mediated release of the preformed mediators serotonin and ~-hexosamini

dase and of the transcription and release of TNF-a (17). Pimecrolimus has also
been shown to inhibit anti-IgE-stirnulated mediator release in human dermal
mast cells (18).

AD has features in common with type I and type IV hypersensitivity. In
in vivo studies, topical tacrolimus had no effect on the immediate phase of type
I hypersensitivity but inhibited the late phase of this biphasic reaction and inhib
ited type IV delayed hypersensitivity. In mice, tacrolimus ointment (0.01 %,0.1 %,
1%) did not inhibit egg albumin-induced passive cutaneous anaphylaxis or ear
edema in the immediate phase of the biphasic reaction. However, it did inhibit
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ear edema in the late phase reaction (19,20). T cells in the late phase reaction
have a cytokine expression pattern similar to that of Th2 cells (lL-3, IL-4, IL-5,
and GM-CSF, but no IFN-y) (21), and Th2 cells are implicated in the acute in
flammatory response of AD. Thus, it seems that tacrolimus blocks the late phase
reaction of type I hypersensitivity and the acute inflammatory reaction of AD by
inhibiting the expression of Th2-specific cytokines. Tacrolimus ointment also
inhibited delayed (type IV) hypersensitivity (allergic contact dermatitis/ACD) in
tuberculin-sensitized mice and rats (20), suggesting downregulation of the ex
pression of cytokines involved in the activation of antigen-specific memory T
cells. Inhibition of delayed hypersensitivity by topically applied tacrolimus has
also been demonstrated in dinitrofluorobenzene-sensitized domestic pigs (22), in
oxazolone-sensitized mice (19), and in dinitrochlorobenzene-sensitized human
volunteers (23).

Topical pimecrolimus inhibited delayed hypersensitivity reactions in di
nitrofluorobenzene-sensitized domestic pigs, in dinitrofluorobenzene-sensitized
rats, and in oxazolone-sensitized mice (24). The effect of topical pimecrolimus
on type 1 hypersensitivity seems not to have been assessed.

Tacrolimus has an approximately threefold higher affinity to the FK-bind
ing protein than pimecrolimus and consequently a higher calcineurin-inhibiting
potency (25). The greater calcineurin-inhibiting activity of tacrolimus may be
relevant in vivo. When applied topically, tacrolimus was more effective than
pimecrolimus in inhibiting delayed hypersensitivity reactions in dinitrofluoro
benzene-sensitized pigs; an inhibition of gross lesions of approximately 55% was
observed with 0.04% tacrolimus, whereas a concentration of 0.13% pimecrolimus
was required to reach a 48% inhibition under similar conditions (22,24). How
ever, comparison of these two studies may not be valid as they were conducted
5 years apart, with a change in the source of animals and a possible change in
the subjective assessment of the clinical scores (A. Stuetz, personal communi
cation). Oral doses required to inhibit delayed hypersensitivity reactions in
oxazolone-sensitized mice were similar for tacrolimus and pimecrolimus (30
mg/kg, 2 h before and immediately after challenge) (24,26). In contrast, orally
administered tacrolimus but not pimecrolimus inhibited the sensitization phase
in this murine allergic contact dermatitis model (26). Further studies are needed
to find out whether these differences are truly qualitative in nature or depend on
the doses used for tacrolimus and pimecrolimus, respectively.

Both tacrolimus and pimecrolimus were effective in animal models of AD.
In NC/Nga mice, tacrolimus ointment (0.1 %) suppressed the development of
dermatitis, was effective against established dermatitis, and suppressed increases
in T cells, mast cells, eosinophils, IL-4, IL-5, and IgE (27). Similarly, oral (12.5
mg/kg) and topical administration of pimecrolimus (0.4% in a ethanol/glycol
solution) prevented or inhibited AD-like symptoms in hypomagnesaemic hairless
rats and reduced histaminemia, leucocytosis, eosinophilia, and serum nitric oxide
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levels (28). In terms of models of systemic immunosuppression, both tacrolimus
and pimecrolimus prevented kidney allograft rejection and graft-versus-host dis
ease in rats (24,26,29,30).

As the mode of action of tacrolimus and pimecrolimus is different from
corticosteroids, these agents do not have the potential for causing skin atrophy.
For tacrolimus ointment, this was confirmed in a rat study (31) and in a random
ized, double-blind clinical study with AD patients (n = 14) and healthy volun
teers (n = 12) (32). In the clinical study, subjects were treated for one week
under occlusion, and the carboxy- and amino-terminal propeptides of procollagen
I (PICP, PINP) and the amino-terminal propeptide of procollagen III (PIIINP)
were measured from suction blister fluid with specific radioimmunoassays. Sites
treated with 0.1 % betamethasone-valerate ointment showed median PICP, PINP,
and PIIINP concentrations of 17.0%, 17.6%, and 39.5% of the vehicle control,
respectively, whereas 0.1 % and 0.3% tacrolimus-treated sites showed median
concentrations comparable to the vehicle control (:=100%) (p < 0.001) (see Fig.
3). Betamethasone-valerate ointment was also the only treatment to reduce skin
thickness. The median decrease in skin thickness was 7.4% relative to 0.1 % ta
crolimus, 7.1 % relative to 0.3% tacrolimus, and 8.8% relative to the vehicle con
trol (p < 0.01 in pairwise comparisons).

Figure 3 Concentrations of PICP, PINP, and PIIINP after I week of treatment with
0.1 % tacrolimus, 0.3% tacrolimus, 0.1 % betamethasone, or a vehicle control (n = 25).
The middle line of each box represents the median value. The top and bottom lines of
each box represent the upper and lower quartiles, respectively, and the upper and lower
bars represent the 90% and 10% limits. The closed circles are individual values. 0.1 %
Tac, 0.1 % tacrolimus; 0.3% Tac, 0.3% tacrolimus; Bet, 0.1 % betamethasone; Veh, vehicle
(the tacrolimus ointment base). (From Ref. 32.)
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Similarly, a safety phannacology study in pigs (24) and a clinical 4-week,
randomized, double-blind study with healthy volunteers showed pimecrolimus
not to induce skin atrophy (33,34). In the latter study four different prepara
tions-pimecrolimus 1% cream, the corresponding vehicle of pimecrolimus
cream, betamethasone-17-valerate 0.1 % cream, and triamcinolone acetonide
0.1 % cream-were applied to the volar aspect of the forearms of 16 healthy
volunteers, twice daily, 6 days a week, for 4 weeks (33,34). Skin thickness was
evaluated by echography, clinical signs of atrophy by stereomicroscopy, and epi
dennal thickness was assessed by histology. Both topical corticosteroids induced
a significant reduction in skin thickness, as compared to pimecrolimus 1% cream
and vehicle, which were shown to be equivalent. The difference in skin thickness
(measured by echography) between patients treated with pimecrolimus 1% cream
and those receiving either of the two topical steroids was significant from day 8
onwards. Histological analysis perfonned at day 29 showed significant epidennal
thinning with topical steroids compared to pimecrolimus 1% cream or the vehicle.

IV. PHARMACOKINETICS

All studies to date indicate that systemic absorption of topically applied tacroli
mus and pimecrolimus is minimal.

In a pharmacokinetic study in which 0.3% tacrolimus (a lO-fold higher
concentration than the lowest commercial dose) was applied to 100 cm2 (n =

21),500 cm2 (n = 6), 1000 cm2 (n = 6), or 5000 cm2 (n = 6) of skin in patients
with moderate to severe AD, systemic exposure was low but tended to increase
with increasing treatment areas (35). In adults (n = 31, with treatment areas up
to 500 cm2

), the C max ranged from 0.2 to 3.5 ± 3.1 ng/mL and the area under
the curve at 0-24 hours (AUCO_24) ranged from 2.2 ± 0.8 to 42.5 ± 37.1 ng.h/mL.
In children (1-12 years old, n = 8, with 100 cm2 treatment area), the Cm,x ranged
from 0.1 ± 0.1 to 1.9 ± 1.3 ng/mL and the AUCO_24 ranged from 0.9 ± 1.0 to
17.3 ± 10.7 ng.h/mL. Compared with historical AUC data following intravenous
administration of tacrolimus, the bioavailability of topical tacrolimus was <0.5%
(35). Systemic exposure (AUCO_24) was lower on day 8 than on day 1, supporting
the lack of systemic accumulation.

Twelve clinical studies, which included a total of 2015 adult and pediatric
AD patients treated with 0.03-0.3% tacrolimus ointment, included assessments
of tacrolimus concentrations in whole blood. Treatment areas were up to 100%
of the total body surface area, with treatment periods of up to 1 week (n = 40),
3 weeks (n = 659), 12 weeks (n = 443), and 12 months (n = 873). Of these
2015 patients, the maximum tacrolimus concentration was below 0.5 ng/mL for
60.5% of patients, 0.5-< 1 ng/mL for 20.6% of patients, 1-<2 ng/mL for 10.9%
of patients, 2-<5 ng/mL for 6.7% of patients, with only 1.3% of patients having
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a concentration over 5 ng/mL at any time during the study (N. Undre, personal
communication, 2000). For patients who experienced a measurable tacrolirnus
determination, systemic exposure was transient, decreasing as skin healed. By
comparison, daily trough (predosing) concentrations of 5-20 ng/mL, maintained
for the lifetime of a transplant recipient, are recommended for prevention of allo
graft rejection (package insert for Prograf®, Fujisawa). Thus, the systemic ex
posure with tacrolimus ointment observed in these studies can be considered
minimal and unlikely to be of clinical significance. The only cases of systemic
exposure of potential clinical systemic significance were two patients in a Japa
nese pharmacokinetic study, who experienced a transient level of 20 ng/mL after
whole body application of 0.1 % tacrolimus (36). These two patients (0.1 % of
the total treated population) represent the maximum levels reported worldwide.

In a pharmacokinetic study in which 1% pimecrolimus cream was applied
to 15-59% of the total body surface in 12 adult patients, the majority of the blood
samples (78%) provided nonquantifiable (below the assay limit of quantitation of
0.5 ng/mL) concentrations (38). The maximum area under the curve at 0-12
hours (AUCO_ 12) was 11.4 h.ng/mL (37). Maximum concentrations were 1.1, 1.4,
and 4.6 ng/mL, with the latter value having been excluded from pharmacokinetic
analysis because it was suspected to have been associated with contaminationl
during venipuncture. In 40 patients treated for up to 1 year on an as-needed baSi;S
on up to 62% of their body surface area, the maximal blood concentration was
0.8 ng/mL and 98% of the blood concentrations were below 0.5% ng/mL. Ther
was no evidence of systemic accumulation with repeated dosing. In pediatric
pharmacokinetic studies involving a total of 58 AD patients aged 3 months to!
<2 years (n = 35),2-4 years (n = 13), and 8-14 years (n = 19) treated on up
to 92% of their total body surface area, blood concentrations were consistently
low (38), typically <1 ng/mL (39). The maximum blood concentration in infants
was 2.26 ng/mL (39). The range of blood concentration measured in infants was
comparable to that measured in children and adults. In all these patients, systemic
exposure was low. There is limited clinical experience from only one study with
orally administered pimecrolimus (40); thus, the significance of any dose-related
systemic exposure is mainly from a maximum tolerated dose study in patients
with psoriasis (40). In this study the clinical tolerability was good at all dose
levels of pimecrolimus observed up to the highest dose tested (30 mg bj.d.). On
the basis of the low blood levels of pimecrolirnus observed after topical use and
their relationship to the levels associated with no toxicity in animal toxicology
studies and in the human oral study, there is a considerable safety factor for the
1% pimecrolimus cream.

Molecules larger than 500 daltons are usually unable to penetrate the epi
dermis of healthy skin (41). Thus, tacrolimus (822.05 daltons) and pimecrolimus
(810.48 daltons) could be self-regulatory, with no penetration through healthy
skin and low absorption through skin having a compromised barrier function,
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such as in AD. The much larger calcineurin inhibitor cyclosporin (1202.6 daltons)
is not effective when applied topically (42,43), although it is effective when ad
ministered orally (see Chapter 29).

v. CLINICAL EFFICACY AND SAFETY IN ADULTS

A. Tacrolimus Ointment
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Early pilot studies in Japan showed promising results for tacrolimus ointment in
the treatment of adult patients with AD (44,45). In a phase 1 study conducted in
the United States with patients who had moderate to severe AD, 17 of 31 adult
patients (54%) reported excellent improvement or clearance after 8 days of treat
ment with 0.3% tacrolimus ointment, and no safety concerns were identified (35).

In Europe, a randomized, double-blind, multicenter phase II study com
pared ointments containing 0.03% (n = 54),0.1 % (n = 54), and 0.3% tacrolimus
(n = 51) with a vehicle control (n = 54) in adult patients (13-60 years old) with
moderate to severe atopic dermatitis (46). The treatment area was restricted to
1000 cm2

• The primary endpoint was a combined score for erythema, edema,
and pruritus (each graded on a scale of 0-3) after 3 weeks of treatment. Only
13-14% of patients withdrew from the tacrolimus treatment groups, whereas
39% of patients on vehicle prematurely withdrew from the study. After 3 weeks
of treatment, median decreases of 66.7%, 83.3%, and 75.0% in the combined
score were observed on the trunk and extremities for 0.03%, 0.1 %, and 0.3%
tacrolimus ointment, respectively, whereas only a 22.5% decrease was observed
for the vehicle control group (p < 0.001). Differences among the three tacrolimus
treatment groups were not statistically significant. A separate analysis of efficacy
for face and neck regions showed similar results. Burning sensation of the skin
was the only adverse event that showed a higher incidence with tacrolimus oint
ment compared with the vehicle control (p < 0.001).

Two phase III multicenter, randomized, double-blind, vehicle-controlled
studies in the United States demonstrated the efficacy and safety of 0.03% and
0.1 % tacrolimus ointment in adult patients with moderate to severe AD (47,48).
In these two studies combined, patients received 0.03% tacrolimus (n = 211),
0.1 % tacrolimus (n = 209), or vehicle (n = 212) twice daily for up to 12 weeks.
At baseline, the mean affected BSA was approximately 45% across treatment
groups. The drop-out rate was high in the vehicle group (68.4%) compared with
the 0.03% tacrolimus (28.9%) and 0.1 % tacrolimus (24.9%) groups. Most with
drawals in the vehicle group were attributed to lack of efficacy. All efficacy
assessments showed significantly greater improvement for patients who received
0.03% or 0.1 % tacrolimus compared with those who received vehicle. Treatment
success [defined as excellent (90-99%) improvement or cleared (100% improve
ment)] was observed in 6.6% of patients who received vehicle compared with
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27.5% and 36.8% of patients who received 0.03% and 0.1 % tacrolimus, respec
tively; differences between vehicle and both tacrolimus treatment groups (p <
0.001) and between the 0.03% and 0.1 % tacrolimus groups (p = 0.041) were
statistically significant. Moderate or better improvement was observed for 19.8%,
61.6%, and 72.7% of patients, respectively (Fig. 4). The Eczema Area and Sever
ity Index, total score, pruritus, and percent affected BSA also showed statistically
significant greater improvement with tacrolimus ointment compared with vehicle.
Findings for the two individual studies were consistent with the combined analy
sis. Tacrolimus ointment, 0.03% and 0.1 %, was also shown to be safe. Skin burn
ing and pruritus were common but tended to occur only during the first few days
of treatment. Flu-like symptoms (investigator tenus were upper respiratory tract
infection, cold, head cold, flu, flu symptoms, stomach flu, etc.) were common
and showed a higher incidence rate in the 0.1 % tacrolimus group than in the
vehicle group. Other adverse events showing a higher incidence rate in the 0.03%
or 0.1 % tacrolimus group were headache, skin tingling, acne, alcohol intolerance
(skin/facial flushing, redness, heat sensation after alcohol consumption), hyper
esthesia (sensitive skin, skin sensitive to temperature changes), folliculitis (in
flamed, swollen, or infected hair follicles), rash, sinusitis, cyst, myalgia, and back
pain. Some of these differences may have occurred by chance. Laboratory profi les
during the study were unremarkable.

The safety and efficacy of up to one year of 0.1 % tacrolimus ointment
monotherapy in adults with moderate to severe atopic dennatitis was demon
strated in a multicenter, open-label phase III study conducted in Europe (49).
Three hundred and sixteen patients were enrolled and received treatment; 200
patients were assigned to 6 months of treatment and 116 to 12 months. In total,
245 patients (77.5%) completed the study; 246 patients completed at least 6
months of therapy and 68 completed at least 12 months of therapy. Reasons for
withdrawal were administrative (withdrawal of consent, noncompliance, lost to
follow-up, pregnancy, 23/316, 7.3%), lack of efficacy (19/316, 6.0%), prohibited
therapy (13/316, 4.1 %), adverse events (13/316, 4.1 %), and other (3/316,0.9%).
At baseline, a median of approximately one third of the total body surface area
was affected with AD. During treatment initiation, local irritation, including such
adverse events as burning sensation (47% of patients), pruritus (24%), and ery
thema (12%), was common. There was no evidence of an increased risk of any
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Figure 4 Physician's global evaluation of clinical response in adult and pediatric 12
week studies comparing 0.03% and 0.1 % tacrolimus ointment with a vehicle control. Cu
mulative percentage of patients with ratings of cleared (100% improvement), excellent
(90-99% improvement), marked (75-89% improvement), or moderate (50-74% improve
ment) at the end of treatment. (Adapted from Refs. 47 and 59.)
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type of infection compared with historical data from the literature. All efficacy
endpoints showed improvement within one week of starting treatment and contin
ued improvement with long-term treatment. The mean SD modified Eczema Area
and Severity Index Score was 23.7 ± 12.6 at day 1, 13.5 ± 11.3 at week 1, 6.1 ±
9.2 at month 6, and 6.1 ± 8.1 at month 12. Excellent (90-99%) improvement or
clearance (100% improvement) was observed in 17% of patients at week 1 and
approximately 60% of patients at months 6 and 12. Daily ointment use decreased
by about one half from week 1 (median of 3.9 g) to month 6 or 12 (median, 2.1
and 2.3 g, respectively). The size of the treated area decreased by about two
thirds from week 1 (median, 29.2%) to month 6 or 12 (median, 7.0 and 9.0%,
respectively). During this study, some patients experienced several months during
which no treatment was necessary. It would be of interest to assess this prospec
tively. Long periods of clearance in which treatment would be unnecessary would
be a great advantage over conventional treatment with topical corticosteroid
preparations.

Staphylococcus aureus is found in more than 90% of AD skin lesions (SO).
At our center (n = 19), we found that staphylococcal colonization of AD lesions
significantly decreased after 1 week (p = 0.012),6 months (p < 0.001), and 12
months (p = 0.008) of treatment with 0.1 % tacrolimus ointment compared with
baseline (51). These decreases followed clinical improvement. Tacrolimus has
no inhibitory effect on bacteria, including S. aureus (52); thus, decreases in colo
nization probably reflect improvement of skin barrier function.

B. Pimecrolimus Cream
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In a proof-of-concept study, 1% pimecrolimus cream and the cream vehicle were
applied to the same patient on two target lesions (right vs. left) (53). The size
of the target lesions was 1-2% of the total body surface area. Adult patients with
moderate AD were enrolled in this study. In the 16 patients who received twice
daily treatment, lesions treated with pimecrolimus cream showed significantly
greater decreases in the Atopic Dermatitis Severity Index than lesions treated
with the vehicle control (p < 0.001). Once-daily treatment (n = 18) was not as
effective as twice-daily treatment. No clinically relevant drug-related adverse
events were noted.

In a randomized, double-blind multicenter phase II study with 260 adult
AD patients with at least 5% body sUlface area involved, pimecrolimus cream
(0.05, 0.2, 0.6, and 1%) was compared with vehicle and 0.1 % betamethasone
17-valerate cream. Betamethasone-17-valerate cream, with an average improve
ment of 78%, was more effective than 1% pimecrolimus cream, with an average
improvement of 46.7% (Fig. 5). However, with the exception of the lowest con
centration of pimecrolimus cream, all others were more effective than vehicle
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Figure 5 Median changes in Atopic Dermatitis Severity Index in patients treated with
vehicle, pimecrolimus/SDZ ASM 981, or betamethasone. (From Ref. 56.)

(Fig. 5) (54-56). No clinically relevant drug-related adverse events were re
ported.

Preliminary findings have been reported for a phase III adult AD study
which compared pimecrolimus with a corticosteroid cream over a one-year
study period (57). This was a multicenter, parallel group, double-blind, active
controlled study that was conducted in Europe and Canada. A total of 658 patients
were randomized to receive 1% pimecrolimus cream or corticosteroid cream
(0.1 % triamcinolone acetonide for trunk and extremities and 1% hydrocortisone
for face, neck, and intertriginous areas). Treatment was twice daily according to
need on all affected lesions. Few patients in the pimecrolimus treatment group
completed the study (41 % of patients) compared with the corticosteroid group
(71 % of patients). The safety profiles were similar for both treatment groups. In
an analysis that excluded treatment failures (early withdrawals), efficacy was
similar for the two treatment groups.

VI. CLINICAL EFFICACY AND SAFETY IN CHILDREN

A. Tacrolimus Ointment

In a phase I study conducted in the United States with patients who had moderate
to severe AD, six of eight children (75%) reported excellent improvement or
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clearance after 8 days of treatment with 0.3% tacrolimus ointment, and no safety
concerns were identified (35).

A randomized, double-blind, multicenter phase II study in the United States
compared twice-daily application of ointments containing 0.03% (n = 43), 0.1 %
(n = 49), and 0.3% tacrolimus (n = 44) with a vehicle control (n = 44) in
children, 7-16 years old, with moderate to severe atopic dermatitis for a treatment
period of 22 days (58). The drop-out rate was higher in the vehicle control group
(15.9% of patients) than in the three tacrolimus treatment groups (4.6, 10.2, and
9.1 % of patients, respectively). In the physician's global evaluation of clinical
response, 69%, 67% and 70% of patients who received 0.03%, 0.1 % and 0.3%
tacrolimus ointment, respectively, had marked to excellent (75%) improvement
or clearing of their AD, compared with 38% of patients in the vehicle control
group (p = 0.005,0.007, and 0.004, respectively, for the three tacrolimus groups
compared with the vehicle group). The mean percent improvement in the modi
fied Eczema Area and Severity Index at the end of treatment was also significantly
better in the tacrolimus treatment groups (0.03%, 72%; 0.1 %, 77%; 0.3%, 81 %)
than in the vehicle group (26%) (p < 0.001). No serious systemic side effects
were observed.

The results of a phase TIl comparative study in the United States, which
included children (2- 15 years old) with moderate to severe AD, demonstrated
the efficacy and safety of 0.03% and O. I% tacrolimus ointment in the pediat
ric population (59). This was a randomized, double-blind, vehicle-controlled
multicenter study. Patients received 0.03% tacrolimus (n = 117),0.1 % tacrolimus
(n = 118), or vehicle (n = 116) twice dai ly for up to 12 weeks. At basel ine, the
mean affected body surface area was approximately 50% across treatment groups.
The drop-out rate was high in the vehicle group (56.0%) compared with the
0.03% tacrolimus (19.7%) and 0.1 % tacrolirnus (14.4%) groups. Lack of efficacy
was the main reason for withdrawal in the vehicle group. All assessments showed
significantly greater improvement for patients who received 0.03% or 0.1 % ta
crolimus compared with those who received vehicle. Treatment success [defined
as excellent (90-99%) improvement or cleared (100% improvement)] was ob
served in 6.9% of patients who received vehicle compared with 35.9% and 40.7%
of patients who received 0.03% and 0.1 % tacrolimus, respectively (p < 0.001).
Moderate or better improvement was observed for 26.7, 72.6 and 78.0% of pa
tients, respectively (Fig. 4). Differences between 0.03% and 0.1 % tacrolimus
were not statistically significant. The Eczema Area and Severity Index, total
score, pruritus, and percent affected BSA also showed statistically significant
greater improvement with either concentration of tacrolimus compared with vehi
cle. Tacrolimus ointment, 0.03% and 0.1 %, was also shown to be safe. Compared
with vehicle, a higher rate of skin burning, pruritus, chickenpox, and vesiculobul
lous rash ("blisters" on a nonapplication site) was observed with 0.03% tacroli
mus but not with the higher (0.1 %) concentration. Skin burning and pruritus
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were common (27-43% of patients) but tended to occur only during treatment
initiation. The incidence of chickenpox was low «5%), and it occurred only in
younger children «8 years old), for whom it is generally common; thus, the
higher incidence in the 0.03% tacrolimus group probably occurred by chance;
the clinical course of these episodes was nonna!. Laboratory profiles during the
study were unremarkable.

The safety and efficacy of up to one year of 0.1 % tacrolimus ointment
monotherapy in children (2-15 years old) with moderate to severe atopic denna
titis were demonstrated in a multicenter, open-label phase III study in the United
States (60). Application was twice daily for up to 12 months. Of the 255 patients
enrolled, ] 89 (74.1 %) completed the study. On average, patients were treated
with 0.1 % tacrolimus for 279 days or 87% of study days. Withdrawal was attrib
uted to administrative causes, such as loss to follow-up and noncompliance
(18.8%), adverse events (3.9%), and lack of efficacy (3.1 %). At baseline, a mean
of approximately 40% of the total body surface area was covered with AD lesions.
Local irritation, including such adverse events as burning sensation (25.9% of
patients) and pruritus (23.1 %), were common but tended to occur only when
initiating treatment (Fig. 6). There was no increased risk of nonapplication site
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Figure 6 Prevalence of application-site adverse events pruritus and skin burning during
first month of the study in a 12-month noncomparative pediatric study with 0.1 % tacroli
mus ointment. (From Ref. 60.)
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adverse events, including infection, with cumulative drug use or duration of expo
sure. In addition, the incidence of infections was comparable to or lower than
historical data from the literature; flu-like symptoms (investigator terms were
cold, common cold, influenza, etc.) were reported by 34.5% of patients, fever by
17.6%, cough increased by 14.5%, and an application site skin infection by
11.4%. The incidence of asthma (16.1 %), headache (18.0%), and allergic reac
tion, for example food allergies, allergies to grass, cats, dogs, etc. (15.3%), over
the 12-month treatment period were consistent with what would be expected in
a pediatric population with atopic diathesis. All efficacy endpoints, the Eczema
Area and Severity Index, total score, pruritus score, and affected BSA showed
improvement after one week of therapy and continued to show improvement over
the 12-month study period.

B. Pimecrolimus Cream
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The phase 1I1 comparative pediatric study for 1% pimecrolimus cream was a
multicenter, vehicle-controlled, randomized, double-blind trial, with 2- to 17
year-old children who had mild to moderate AD (61). The drop-out rate was low;
88% of patients (236/267) in the pimecrolimus group and 75% of patients (102/
136) in the vehicle group completed 6 weeks of twice-daily treatment. The mean
affected body surface area was approximately 26% for both treatment groups.
According to the investigator's global assessment (lOA) at baseline, 30.5% of
patients had mild, 59.3% had moderate, 8.4% had severe, and 1.7% had very
severe symptoms. Treatment success as defined by lOA, clear or almost clear at
the end of the 6-week treatment period, was experienced by 34.8% of patients
who received pimecrolimus compared with 18.4% of patients who received vehi
cle (p < 0.001). Common adverse events (> 10% of patients) were application
site burning, skin infection, upper respiratory tract infection, nasopharyngitis,
pyrexia, cough, and headache, but incidences were similar for patients who re
ceived pimecrolimus or vehicle.

To assess long-term safety and efficacy in children (2 to < 18 years of age),
a multicenter parallel group, double-blind, controlled I-year study was performed
(62). A total of 713 patients with mild to severe atopic dermatitis were random
ized to either 1% pimecrolimus cream or corresponding vehicle (2:1), to be ap
plied b.i.d. according to need. Emollients were allowed, as were medium-high
potency topical corticosteroids for flares not controlled by study medication. The
control treatment, vehicle cream, and corticosteroids can be considered to be
equivalent to current standard care. The vehicle treatment was included in order
to maintain the study blind. In total, 75.9% of the 1% pimecrolimus cream and
51.9% of the control-treated patients completed 6 months of treatment. The main
reason for discontinuation in the control group was unsatisfactory therapeutic
effect.
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A flare was defined as an investigator's global assessment (IGA) of severe
or very severe. Primary efficacy analysis was conducted on the incidence of flares
observed in 6 months, adjusting for discontinuations. Pimecrolimus cream (1 %)
reduced the incidence of flares compared to the control group (p < 0.001). Sixty
one percent of patients in the pimecrolimus group completed 6 months without
a flare compared to 35% in the control group (62). The incidence of adverse
events was comparable in both study groups.

VII. IMMUNE MODULATION OR IMMUNE SUPPRESSION?
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The etiology of AD is an enigma. As assessed by the proportion of patients with
elevated IgE, environmental allergens play an important role in approximately
80% of AD patients (63). This suggests an overreactivity of the immune system
to otherwise harmless environmental substances. An irony is that AD patients
tend to have a compromised cell-mediated immunity (64). Thus, it seems that
the burden of the skin's hyperreactivity to house dust mites and grass pollen,
for example, has compromised the immune system's ability to protect against
infectious agents such as herpes simplex virus.

Approximately 20% of patients have an intrinsic (non-IgE-related) form
of the disease. One proposed explanation for the etiology of AD in these patients
is that endotoxins released by S. aureus act as superantigens, which, indepen
dently of IgE, promote the release of proinflammatory molecules such as IL-l
and TNF-a from monocytes and dendritic cells and activate T cells (discussed
in Ref. 10). There is also evidence indicating that allergen-specific T cells, inde
pendently of IgE, playa role in the immune pathology of AD (63,65). T cells
are equally important in extrinsic AD. Increased IL-13 expression by T cells from
lesions of patients with extrinsic AD is considered to account for increased IgE
production via stimulation of B cells (65). Thus, T-cell activation, whether by
IgE-bound antigens or other means, is a critical feature of both intrinsic and
extrinsic AD. Inhibition of the expression of T-cell inflammatory cytokines by
tacrolimus or pimecrolimus directly targets this immune pathology. This was
recently demonstrated in an in vitro study with cells isolated from AD patients
and healthy volunteers, in which tacrolimus specifically blocked S. aureus super
antigen-induced T-cell proliferation (66). This pathway seems to be corticoste
roid resistant (64,65). Thus, tacrolimus ointment potentially has a great advantage
in patients with AD who have therapeutic resistance to corticosteroids (Fig. 7).

The difference between immune modulation and immune suppression is
subtle. In AD there is an immune pathology in which skin lesions have infiltrates
of inflammatory immune cells (i.e., T cells, macrophages, basophils, eosinophils).
In this instance, application of a drug that blocks the activation of these cells at
the site of the lesion reverses the immune pathology and thus can be considered
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Figure 7 A 23-year-old patient who was insensitive to topical corticosteroid therapy
quickly responded to O.l % tacrolimus ointment. (Left) Before treatment with 0.1 % tacroli
mus; (right) 7 days after application of 0.1 % tacroJimus. Histology from biopsy taken
prior to treatment revealed an eczema; immunohistology remained negative.
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to modify the local immune response. On the other hand, systemic immune sup
pression with such drugs as tacrolimus (Prograf®) and cyclosporin (Neoral®) was
developed to suppress a normal immune response to the nonself antigens of an
allograft. In doing so, it also suppresses normal immune responses to infectious
agents and decreases immune surveillance in the protection against cancer.

Tacrolimus ointment and pimecrolimus cream are considered to be immune
modulators because they target a specific immune pathology and because their
action seems to be limited to the site of the immune pathology. The absence of
a systemic effect is supported by the minimal systemic exposure observed with
tacrolimus ointment and pimecrolimus cream in AD patients and by clinical find
ings, which show no apparent increased risk of cutaneous or systemic infections.
It is also of interest to note that long-term use of tacrolimus ointment in adult
patients with AD did not reduce cell-mediated immunity as assessed in the Recall
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Antigen Test (49) and was associated with a decrease in staphylococcal coloniza
tion of the skin (51).

VIII. STATUS OF MARKETING APPROVALS

Tacrolimus ointment 0.1 % has been on the market in Japan for treatment of
moderate to severe AD in adults since November 1999 under the trade name
Protopic®. In December 2000, the U.S. Food and Drug Administration approved
Protopic (0.03% and 0.1 %) ointment for adults and Protopic 0.03% ointment for
children with moderate to severe AD. A marketing authorization application for
tacrolimus ointment, 0.03% and 0.1 %, was filed with the European Agency
for the Evaluation of Medicinal Products (EMEA) in July 2000.

Pimecrolimus cream 1% is being developed for chronic AD, for which
Novartis submitted a new drug application to the U.S. Food and Drug Administration
in December 2000, which has now been approved. A marketing authorization appli
cation for pimecrolirnus 1% cream has been filed with some European countries.

IX. CONCLUSIONS
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Patients with AD and parents of children with AD have long awaited an alterna
tive to topical corticosteroid therapy. A fear of using topical corticosteroids has
developed among many patients and parents of patients, and some patients (e.g.,
those with corticosteroid resistance) are truly not helped by standard therapy.
Also, skin atrophy and other side effects resulting from misuse of topical cortico
steroids is not uncommon in daily medical practice. Tacrolimus (Protopic) oint
ment, 0.03% and 0.1 %, offers the first alternative treatment for patients with
moderate to severe AD, and 1% pimecrolimus cream may soon offer an alterna
tive to AD patients as well.

Once both drugs have entered the postrnarketing phase, it would be of inter
est to compare the efficacy and safety of tacrolimus ointment and pimecrolimus
cream in patients with moderate AD (the common patient population, as tacroli
mus ointment was developed for patients with moderate to severe AD, and pime
crolimus for patients with mild to moderate AD). Findings for studies comparing
tacrolimus with topical corticosteroid reference therapies will be reported soon.

Any serious safety concerns about these drugs are theoretical. The clinical
data collected so far indicate that there is no increased risk of skin cancer, infec
tion, or other undesirable immunosuppressive effects. However, in terms of mode
of action, topical tacrolimus and pimecrolimus may decrease immune surveil
lance of treated skin, and thus, over a period of many years, increase the risk of
basal cell or squamous cell carcinoma. Thus, patients receiving therapy with a
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topical immunomodulator should be educated about adequate measures of sun
protection, and an important aim of postmarketing research should be long-term
safety.
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Chinese Herbal Therapy!
in Atopic Dermatitis

John R. Reed and Malcolm H. A. Rustin
Royal Free Hospital, London, United Kingdom

I. INTRODUCTION

Atopic dermatitis is an increasingly prevalent chronic pruritic inflammatory skin
condition that is thought to have an immune and genetic basis influenced by
environmental factors. The inflammatory infiltrate shows similar characteristics
to a delayed-type hypersensitivity reaction with increased CD4+, CD45RO+ T
lymphocytes, RFD7+ macrophages, RFDI + dendritic cells, and COl + Langer
hans cells (l,2). Additionally, aberrant expression of the low-affinity receptor for
IgE (FCERII/CD23) (3) and constitutive expression of the high-affinity IgE recep
tor (FCERD on antigen-presenting cells within the infiltrate is recognized (4,5).
This suggests that the pathogenesis of atopic dermatitis represents a delayed-type
hypersensitivity response to environmental allergens and antigens, triggered by
IgE receptor-bearing antigen-presenting cells. In support of this, it is increasingly
recognized that the induction of lesional atopic dermatitis is associated with a
biphasic pattern of cytokine expression. In situ hybridization studies have shown
increased numbers of cells expressing mRNA for interleukins (IL)-4, IL-5, and
IL-13 in atopic dermatitis (6). Chronic eczematous lesions had significantly fewer
IL-4 and IL-13 positive cells compared to acute lesions, but there were increased
numbers of cells expressing interferon (IFN)-y and IL-5 mRNA. This biphasic
pattern has also been demonstrated in atopic patch test reactions with a peak of
IL-12 mRNA expression preceding the increased IFN-yexpression (7). It, there
fore, appears that the initiation of atopic dermatitis is driven by Th2 polarized
cytokine expression and this switches to a Thl polarized pattern, which drives the
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chronic inflammatory phase of the disease. Additionally leukocytes, particularly
monocytes, in atopic dermatitis have increased cyclic AMP phosphodiesterase
enzyme activity, which contributes to the increased secretion of IL-l 0 and prosta
glandin Ez. This inhibits IFN-y production by T cells and appears to contribute
to increased IL-4 production by T cells (8).

The basic treatment of atopic dermatitis has remained unchanged for sev
eral decades. Topical emollients are used to improve skin hydration and corti
costeroids to reduce the inflammation. A minority of patients respond poorly
to these measures and may require treatment with systemic corticosteroids, nar
rowband ultraviolet B (UVB) (9) or psoralen photochemotherapy (PUVA) (10).
Other treatments that have been reported to be effective include cyclosporine
(11), azathioprine (12), type IV phosphodiesterase inhibitors (8) and IFN-y (13).
The use of topical tacrolimus ointment has also recently been shown to be effica
cious (14). These treatments can be associated with significant side effects, and
a minority of patients are even recalcitrant to these measures. This often leads
patients to try alternative therapies, of which Chinese herbal therapy is one of
the most commonly used. Five million patients consulted a complementary prac
titioner in 1999, and the retail sale of herbal, homeopathic and aromatherapy
preparations is predicted to total $180 milJion by 2002 (15). There are now three
double-blind, placebo-controlled studies on Chinese herbal therapy in atopic der
matitis in the English-language medical literature in conjunction with follow-up
data. Much of this work, particularly in adults, was undertaken in our hospital
in collaboration with other centers.

II. PRINCIPLES OF CHINESE HERBAL THERAPY
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Medical and pharmaceutical literature has existed in China for more than 5000
years. The earliest pharmacopeia of Chinese herbs, known as the Herbal Classic
of the Divine Plowman, was written in approximately 100 B.C. Traditional Chi
nese medicine seeks to treat the whole person rather than one specific disease
entity. The first principle of Chinese medicine is based upon the interpretation
of signs and symptoms in conjunction with the philosophy of yin and yang, the
two opposing and complementary sides of nature. Literally, the words mean two
banks of a river: yin indicates the shady side and yang the sunny side. In a healthy
body tl1ey are balanced, but in illness there is an imbalance between the two. The
clinical manifestations of yin and yang can be better understood by the following
examples (Table 1).

Another fundamental concept in Chinese medicine is qi (pronounced chi).
To lie Chinese, the human body is a miniature cosmos. As the world is air, sea,
and land, so the body is qi, blood, and body fluids. Just as nature is governed
by lie weather so the body is affected by internal weather. Qi has been variously
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Table 1
and Yang

Features of Yin

Yin Yang

Cold
Quiet
Wet
Soft
Slow

Hot
Restless
Dry
Hard
Rapid

u
.E

~
8
]
::E
iQl
.§,
.~

8
MARCEL DEKKER, INC.~

270 Madison Avenue. New York. New York 10016 IU?

translated as energy, material force, matter, matter-energy, vital power, and subtle
breath. The reason for the difficulty in giving a specific definition is its fluid
nature. Maciocia explains that qi is an energy that manifests simultaneously on
the physical and spiritual level and is in a constant state of flux and varying states
of aggregation (16,17).

Traditional Chinese physicians perceive skin disease as a breakdown in the
essential relationship between the yin nourishment and yang activity. This allows
the subsequent invasion of the body by pathogenic factors such as wind, heat,
and dampness, which exacerbate the disease further by damaging the qi, blood,
and body fluids. Chinese herbal therapy seeks to realign the fundamental yin
and yang balance. Since most skin diseases are seen to be the result of internal
dishannony, the majority of skin treatments involve systemic treatments rather
than topical treatments. These are called decoctions, a "tea" that results from
the boiling down of a herbal prescription so as to extract the essence. It is not
unusual to prescribe 10-12 herbs at a time, and the prescription is designed along
traditional lines having I or 2 major ingredients (emperor herbs), a further I or
more minister herbs, which aid the emperor, I or more assistant herbs, and a
harmonizing or guide herb to direct the prescription to its target and to enable
it to be better assimilated. The herbs are believed to work synergistically, some
enhancing the role of others, while others check possible side effects of other
constituents.

According to traditional Chinese medicine theory, there appear to be two
basic forms of dermatitis. One kind is caused by damp heat, where the skin is
weeping and there is oozing, heat, and itchjng. The other is characterized by wind
heat, producing red, dry, itchy dermatitis. This fundamental difference underlies
the individualized prescription of herbs for each patient, which is also based on
an evaluation of the nature of the pulse and appearance of the tongue. This makes
scientific assessment of Chinese herbal therapy seriously difficult. A standardized
formulation has been designed for a particular type of atopic dermatitis with the
help of Dr. Luo, a Chinese herbal therapist working in London. This is called
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Zemaphyte and was produced in collaboration with Phytopharm Ltd, Godman
chester, Cambridgeshire, England. Although it is a modern formulation, it is ar
ranged along traditional lines, in particular aiming to eliminate the pathogenic
factors of wind heat from the body through the skin and urine. Thus, the prescrip
tion contains four herbs (Rehmannia glutinosa, Lophatherum gracile, Clematis
armandii, Glycyrrhiza glabra), which themselves constitute an ancient prescrip
tion [Lead the Red Powder (Dou Chi San) originally formulated by Qian Yi in
1119 in the Craft of Medicinal Treatment for Childhood Disease Patterns (Xiao
Er Yao Zheng Zhi)]. This removes heat from the heart and blood by urination.
Other herbs, such as Ledebouriella seseloides and Schizonepeta tenuifolia, have
been used since ancient times to vent heat and wind through the skin by sweating,
whereas others such as Paeonia suffruticosa and Potentilla chinensis are famed
for cooling the blood. The 10 herbs can be ranked in the hierarchy as discussed
above (Table 2).

By collaborating with the pharmaceutical company Phytopharm Ltd, qual
ity control procedures could be undertaken. The herbs were all grown in mainland
China, and top-grade ingredients were obtained from a single supplier of medici
nal herbs (OPTEC, Shanghai, China) or herbs of equivalent quality from U.K.
brokers. All batches of herbs were screened for microbial contaminants, aftatox
ins, and heavy metals such as lead, mercury, cadmium, selenium, and chromium.

Table 2 Herbs Used in the Chinese Herbal Therapy of Atopic Dermatitis

Herb' Category Chinese name Mode of action

, Herbs in boldface are contained in Zemaphyte.

Tribulus terrestris Assistant Bai ji Ii
Dictamnus dasycarpus Assistant Bai xian pi

Clematis annandii Assistant Mu tong
Lophatherum gracile Assistant Dan zhu ye

Glycyrrhiza uraiensisl Guide Gan cao
G. glabra

Clears heat, cools blood
Clears heat, cools blood
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Clears heat, cools blood
Cools blood, releases wind,

causes sweating
Clears wind-damp, causes

sweating
Allays wind
Clears wind, damp-heat, and

fire-poison
Clears heat via urination
Clears heat through the kid

neys
Harmonizes the prescription

Wie ling cai
Jing Jie

Fang feng

Sheng di huang
Mu dan pi

Minister
Minister

Emperor
Minister

MinisterLedebourielLa seseloides

Rehmannia glutinosa
Paeonia slIjjrllticosal

Paeonia chinensis
PotentilLa chinensis
Schizonepta tenuifolia
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Thin-layer chromatography was performed to fingerprint the herbs and ensure
that different batches were comparable to standard herbs identified by botanists
at Kew Gardens. Batches were rejected if they differed substantially from the
reference material. The herbs were finely ground in a hammer mill until they
passed through a 1 mm screen and were then packaged as 109 sealed porous
sachets containing the herbs Rehmannia glutinosa, Lophatherum gracile, Clema
tis armandii. Glycyrrhiza glahra, Ledehouriella seseloides. Paeonia suffruticosa.
Tributis te rrestris, Dictamnus dasycarpus, and Potentilla chinensis. The herb
Schizonepeta tenuifolia contains volatile oils and was therefore packaged in sepa
rate sachets.

III. DOUBLE-BLIND CLINICAL TRIALS
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Two randomized, double-blind, placebo-controlled, crossover studies of children
and adults have been carried out in the United Kingdom using Zemaphyte (18,19).
In both studies patients had atopic dermatitis determined by Hanifin and Rajka
criteria, which was refractory to conventional therapy. Extensive (>20% of body
surface area) lichenified or urticated papular and plaque-like atopic dermatitis
with no evidence of exudation or infection was required for entry into the studies.
All patients were required to have a normal full blood count and renal and hepatic
function tests before commencing the study. Patients who had received systemic
corticosteroids, antibiotics, PUVA, or other immunosuppressive treatment within
the preceding 2 months were excluded. Other exclusion criteria included serious
concomitant illness, pregnancy, breastfeeding, or intention to become pregnant.
All women of child-bearing age were required to take appropriate contraceptive
precautions. Patients were asked not to change their diet or dermatological treat
ments. In the adult study, patients were instructed not to increase the potency or
frequency of their topical corticosteroid usage during the trial. In the child study,
patients agreed not to use any topical corticosteroids during the run-up period or
throughout the study to avoid possible interference with urinary steroid analyses.

Double-blind, placebo-controlled, crossover studies lasting 5 months were
employed. Each patient was randomly allocated to receive either active treatment
for 8 weeks then a 4-week washout period followed by an identically packaged
placebo for 8 weeks or the same treatment in reverse. The placebo comprised
Humulus lupulus, Hordeum distichofl, Hordeum distichofl ustum, baker's bran,
sucrose, Salvia spp., Thymus vulgaris, Rosmarinus officianalis, Mentha piperita,
and Oleum caryophylli. This mixture has no known benefit in atopic dermatitis,
but the smell and taste are similar to the active treatment. The treatment was
freshly prepared each day as a decoction. Four of the large sachets were boiled
in 800 mL of tap water, and after 90 minutes of simmering four of the smaller
sachets containing S. tenuifolia were added for 3 minutes. The decoction mea-
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sured approximately 200 mL and was drunk while still warm. Patients were also
asked to not eat anything for 1 hour.

In the double-blind and follow-up studies, the same standardized scoring
system was used. Patients were assessed at 4-week intervals and a quantitative
assessment of erythema and surface damage (papulation, vesiculation, scaling,
excoriation and lichenification) was made. The body was divided into 20 roughly
equal areas and within each area a score of 0 (none) to 3 (severe) was made for
the degree of erythema and surface damage. For each clinical feature an estimate
of the percentage area in each zone was made. A score of 1 was given where
the area affected was <33%, 2 where the area was between 34 and 66%, and 3
where the area was >67%. The severity and area scores were multiplied then
added together to provide a total body score with a maximum of 180. Investiga
tions undertaken at baseline and at the end of each treatment period included full
blood count, liver function tests, urea and electrolytes, creatinine, calcium and
phosphate, glucose, creatinine phosphokinase, and creatinine clearance. Blood
pressure and weight were checked at each visit.

Forty patients entered the adult study with 20 in each arm (18). Of the
patients selected, 35 were Caucasian, 4 Afro Caribbean, and 1 Chinese. Thirty
one patients completed the study (mean age 30.8 years, range 17-57). Nine pa
tients were excluded from the analysis: 8 were withdrawn because of noncompli
ance due to unpalatability of the decoction and 1 patient became pregnant. Of
those patients selected for the placebo Chinese herb therapy sequence, 1 did not
complete the placebo period and 2 did not complete the active period. In the
other sequence, 3 did not complete the active period and 3 did not complete the
placebo period.

Patients in the active Chinese herbal therapy phase of either sequence
showed significant improvement of both erythema and smface damage scores
(Fig. 1). The geometric mean for erythema at the end of the active therapy was
12.6 [95% confidence interval (CI) 5.9-22] compared to 113 (95% CI 65-180)
at the end of the placebo phase. Similarly, the geometric mean for surface damage
scores at the end of the active therapy was 11.3 (95% CI 5.8-21.8) compared
to 111 (95% CI 68-182) at the end of the placebo phase. Based on logarithmic
values, the mean proportional change between the end of the placebo phase and
end of the active phase for erythema was 46% (95% CI 25.2-67%). Similarly
the mean proportional change for surface damage was 49% (95% CI 27-71 %).
There was no evidence of an order effect or carry-over effect of the treatments
in that there was no significant difference in the clinical scores between the se
quences at the end of the washout period. Of the 31 patients who completed the
study, 14 said that they itched less during the active phase compared to 1 in
the placebo phase. Fifteen patients said that they slept better in the active phase
compared to 6 in the placebo phase. No change in asthma symptoms was noted.
When asked to express a preference, 20 indicated the active phase compared to
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Figure 1 Sequential body scores (geometric means) for (A) erythema and (B) surface
damage. (Kindly reproduced by the pennission of The Lancet, Elsevier Scientific Pub
lishing.)
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4 patients who preferred the placebo. Adverse effects were rare. Two patients
reported mild abdominal distension and headaches while taking the active phase.
One patient developed three episodes of facial herpes and another noted loss of
taste while on placebo. Apart from eosinophilia noted in 24 patients at baseline
and at the end of the study, no other abnormalities were detected.

In the children's trial, 47 patients were enrolled and 37 completed the 5
month study (19). The number of sachets used in the preparation of the decoction
varied depending on the age of the child: 1-7 years, 2 large and 2 small sachets/
day; 8-13 years, 3 large and 3 small sachets/day; and 2: 14 years, adult dose.
Five were excluded because of noncompliance due to unpalatability, two others
received systemic corticosteroids for asthma, and the other three had been pre
scribed antibiotics for skin infections. Most improvement was noted during the
first 4 weeks of the active phase. The median percentage decrease in erythema
scores during the active phase was 51.0 (95% CI 34.5, 72.6) compared to 6.1
(95% CI -25.2, 30.7) during the placebo phase (95% CI for the difference] 3.4,
89.7). The median percentage decrease in surface damage scores during the active
phase was 63.1 (95% CI 34.5, 72.6) compared to 6.2 (95% CI -25.2,30.7) during
the placebo phase (95% CI for the difference 19.2, 97.9). No significant order
or carry-over effect was noted. Nineteen children reported an improved ability
to sleep during the active phase compared to 3 in the placebo phase. Parents
indicated a preference for the active phase in 27 cases and the placebo phase in
2 cases. No abnormalities in hepatic or renal function were noted, and no adverse
events were recorded.

IV. LONG-TERM STUDIES
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Patients who had completed the double-blind studies were offered continued Chi
nese herbal therapy for up to ] year. Of the 31 adult patients who completed the
original study, 21 chose to continue with therapy (20). This involved a 2-month
washout period, then after 2 months of further treatment the follow-up treatment
period began. Two patients left the study within 2 months, because of the cumber
some preparation and unpalatability of the decoction. Two other patients became
pregnant at 5 and 10 months into follow-up having stopped the treatment 2
months earlier. Seventeen patients, therefore, completed the year (group I). Of
the 10 other patients who did not wish to continue treatment, 1 was lost to follow
up. It was decided to include the 2 patients who had failed to complete the induc
tion phase in this control group (group 2). At the end of the year 12 patients in
group 1 had a greater than 90% reduction, and the remaining 5 had greater than
60% reduction in clinical scores compared with baseline values. The clinical
scores of patients in group 2 gradually deteriorated so that by the end of the year
the difference between groups I and 2 was highly significant (p = 0.005 for
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erythema and p = 0.0002 for surface damage). There was no difference between
the groups at the start of follow-up.

All patients remained on daily treatment for the first 3 months. Eight pa
tients were on an alternate day regimen by 6 months and remained on this until
the end of the year and 7 were able to control their eczema with a 1 in every 3
days treatment regimen. The remaining 2 patients remained on daily treatments.
No biochemical abnormalities arose during the study. Eosinophilia was detected
in all patients at baseline; it had resolved in all group I patients and 6 of the
group 2 patients by the end of the study. No significant differences in IgE levels
or peripheral blood lymphocyte subsets were detected. Transient nausea and ab
dominal distension were often reported after drinking the decoction and a mild
laxative effect was noted in approximately one third of patients in group I.

All 37 children who completed the double-blind study elected to continue
with the active treatment (21). Ten withdrew during the first 3 months due to
lack of response. Four other children withdrew despite clinical improvement,
because of unpalatability or difficulty in preparing the decoction. Twenty-three
children completed the study, and at the end of the year, 18 had at least 90%
reductions in the eczema scores and the other 5 showed reductions ranging be
tween 30 and 89%. Seven children were able to discontinue therapy without
relapse, and of the other 16 only 4 were requiring daily treatment by the end of
the year of follow-up. A mild laxative effect was noted in about one-third of
patients. Two children did develop asymptomatic raised aspartate transaminase
levels to 7-14 times the normal values after 6 months of treatment when their
eczema was clear. Liver function tests normalized after discontinuation of Chi
nese herbal therapy with no relapse of their eczema. Peripheral eosinophilia was
noted in 19 of the 23 patients, and all had normalized by the end of the trial.

These studies have shown that Chinese herbal therapy can produce a sus
tained remission in disease activity in patients with atopic eczema, which has
been unresponsive to conventional measures. Furthermore, remission can be
achieved in some patients allowing discontinuation of treatment, and in others
whose eczema has responded withdrawal of treatment produces a gradual relapse,
but to a severity less than pretreatment levels.

The results of a randomized double-blind, placebo-control1ed, crossover study
using Zemaphyte® among Chinese patients with recalcitrant atopic dermatitis
have recently been published (22). The study design was very similar, except
that children and adults were combined in the one study, the treatment periods
involved 4 weeks of daily treatment then 4 weeks of alternate day treatment, and

V. OTHER CLINICAL STUDIES OF CHINESE
HERBAL THERAPY

u
.E

~
8
]
::E
iQl
.§,
.~

8
MARCEL DEKKER, INC.~

270 Madison Avenue. New York. New York 10016 IU?



576 Reed and Rustin

the clinical signs, particularly surface damage, lichenification, and scaling, were
assessed independently. Additionally, smaller dosages were prescribed taking
into account the lower average body weight of Chinese patients, i.e., age 2: 14
years: three small and three large sachets/treatment. Thirty-seven out of 40 re
cruited patients completed the study. There was a general trend of improvement
in both patient sequences, but there was no significant difference between Zema
phyte and placebo, except for lichenification at 4 weeks. No abnormality of renal
or hepatic function was noted. One patient noted increased hair loss, two transient
dizziness, four gastrointestinal symptoms, and one developed a lichenoid erup
tion. The authors speculated that better compliance and greater use of topical
corticosteroid treatment combined with reduction in psychological stress from
more intensive medical attention during the trial might have contributed to the
lack of significant benefit. They also felt that from the standpoint of traditional
Chinese medicine, the use of a standardized preparation was likely to produce
disappointing results.

In another open study using a similar herbal decoction, 6 out of 10 patients
dropped out of the study in the first week because of an exacerbation of their
dermatitis (23). Two other patients reported less itching and slept better in the
first 2 weeks, but then withdrew when their symptoms worsened. Unfortunately
some of these patients had active exudation and infection. The two remaining
patients, who had moderate atopic dermatitis, responded favorably and were able
to discontinue topical corticosteroids. The herbal decoction contained lower doses
of herbs and omitted P chinensis, which is known to have anti-inflammatory and
antibacterial actions against Staphylococcus aureus. Clearly further corroborative
studies are required, but these must be well designed and are awaited with in
terest.

A major complaint encountered during the clinical trials was of the unpleas
ant taste and smell the decoction of herbs produced. Phytopharm Ltd has formu
lated a freeze-dried preparation of the decoction, the resulting powder of which
was compressed into mini-tablets coated with a flavorless lacquer. An open ran
domized study of the two preparations showed no significant difference in effi
cacy (24). Twenty-two patients took the decoction and 20 the new tablet prepara
tion for 2 months. There was a 69% and 74% improvement in erythema and
surface damage, respectively, for the tablet preparation compared to a 65% and
66% improvement for the decoction. Most patients taking the decoction com
mented on the unpalatability compared to those receiving the tablets.

VI. PHARMACOLOGY

The active ingredients that may account for the therapeutic efficacy of Chinese
herbal therapy have not been identified. However, several pharmacologically ac
tive compounds are known to exist in the herbs used in the double-blind trials.
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P. suffruticosa contains the monoterpene glycoside paeoniflorin (25). Paeoni
florin has anti-inflammatory, smooth muscle relaxant, peripheral vasodilatory,

and immunostimulant properties (26,27). Paeoniflorin has also been shown to

inhibit the binding of steroids to their receptors in rabbits and may positively or
negatively influence steroid levels through their receptors (28). Paeonol is also

a constituent of P. suffruticosa and has antimicrobial activity against S. aureus

Table 3 Major Constituents and Pharmacological Actions of Herbs in Chinese
Herbal Therapy Used in Atopic Dermatitis

Herb" Major chemical components and
pharmacological effects
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Sterol, campesterol, catalpol, rehmannin,
acetoside, iridoids

Antibacterial, immunosuppressive, anti
inflammatory

Paeonolide, paeonoside, paeoni florin, astra
galin, pelargonin

Antimicrobial, analgesic, sedative, antipy-
retic, anti-inflammatory

Tannin
Antibacterial, smooth muscle relaxant
D-Menthone, D-limonene, flavenoids
Lowers body temperature by diaphoresis,

antibacterial
Monoterpenoids, coumarins, diterpenes
Antipyretic, analgesic, antibacterial
Tribuloside, astragalin, harmane, harmine,

steroidlll saponins
Hypotensive, diuretic
Dictamnine, skimmianine, fragarine, pre

skimmanine, isomaculosindine, Iimonin,
obakinone, fraxinellone, psoralens, aurap
fen, bergapten, saponins, essential oils

Antipyretic, antifungal
Akebin, hederagonin, oleanolic acid
Diuretic, antibacterial
Arundoin, cylindrin, friedelin, triterpenoids
Antibacterial, antipyretic
Glycyrrhizin, glycyrrhetinic acid, liquiritin,

isoliquiritin, neoliquiritin, licorione
Glucocorticoid, mineralocorticoid, anti

inflammatory, analgesic, antipyretic

Paeonia suffruticosalPaeonia lactijiora

Lophatherum gracile

Tribulus terrestris

Potentilla chinensis

Ledebouriella sesloides

a Herbs in boldface are contained in Zemaphyte,

Clematis armandii

Rehmannia glutinosa

Schizonepta lenuifolia

Dictamnus dasycarpus

Glycyrrhiza uralensislC. glabra
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as well as anti-inflammatory properties. It has been proposed as one of the active
components in the Chinese herbal therapy used to treat atopic dermatitis (29).

Another likely active agent is glycyrrhetinic acid. This is a constituent of
licorice, which is derived from the root of Glycyrrhiza uralensis and G. glabra.
Glycyrrhetinic acid inhibits the enzyme l1-~-hydroxysteroid dehydrogenase,
which metabolizes the conversion of active cortisol to inactive cortisone. It, there
fore, enhances corticosteroid effects indirectly (30). Glycyrrhetinic acid also in
hibits 15-hydroxyprostaglandin dehydrogenase and ~3-prostaglandin reductase,
two enzymes that are important in the metabolism of prostaglanruns Ez and Fz
(31). Furthermore, it is additionally a potent inhibitor of the classical complement
pathway, which would confer anti-inflammatory properties (32). On the other
hand, however, glycyrrhetinic acid has been shown to augment IL-2 and IL-2
receptor expression (33), and polysaccharide fractions obtained from Glycyrrhim

luralensis and G. glabra can activate murine macrophages (34). Extracts from
Schizonepeta tenuifolia were able to inhibit compound 48/80 and substance pJ

1

induced immediate-type reactions in rats and mice (35,36).
Two major references were used to provide information on the major comJ

ponents in the formulation and their pharmacological effects (37,38) (Table 3).1
From the current knowledge at our disposal, the compounds present in Chinese
herbal therapy for eczema may perform one or more of the following: (1) modu
late cortisol release by adrenocortical stimulation, (2) potentiate the action of
endogenous corticosteroids by inhibiting metabolizing enzymes or receptors, (3)
contain compounds that have corticosteroid-like activity, (4) interfere with the
generation of inflammatory mediators, (5) have a central or peripheral antipruritic
effect, (6) have antimicrobial activity, or (7) have imrnunomodulatory cellular
and/or cytokine activity.

VII. SIDE EFFECTS

It is a common misconception that natural medications are a safer mode of ther
apy because of their presumed lack of adverse side effects. Significant concern,
however, has been expressed in the medical literature regarding the safety of
Chinese herbal therapy, particularly with regard to hepatotoxicity and nephrotox
icity. Most of the side effects recorded in patients during the English trials were
minor, but two children did develop abnormal liver function tests after 6 mOllths
of long-term treatment, with raised aspartate transaminase levels and elevated
bilirubin in one. These normalized after discontinuation of Chinese herbal ther
apy. It was, however, not possible to establish a definitive causal relationship,
because viral serology was not checked and one patient was also taking amoxycil
lin and theophylline (21).

The Medical Toxicology Unit at Guy's Hospital in London have reported
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on 11 cases of hepatitis following the use of Chinese herbal medicine for skin
conditions and highlighted other cases reported in the literature (39,40). Four of
the cases demonstrated substantial evidence for a causal association, and in partic
ular 2 cases developed recurrent hepatitis on rechallenge. All patients recovered,
except for one patient who restarted therapy and developed fatal acute liver fail
ure. In this case, however, doubt has been raised over the exact identification of
herbs ingested, since Eurysolen gracilis and eocculus triholus, listed as being
taken by the patient, have been reported as not usually being exported or not for
use in Chinese medicine (41). The authors were unable to incriminate a common
ingredient(s) responsible for the episodes of hepatitis. Additionally they were
unable to identify a dose-response or time-course effect and concluded that the
problem may be idiosyncratic (40). One other case of fatal hepatitis has been
reported associated with an herbal slimming medicine taken in conjunction with
dexfenfluramine. In this case Teucnum chamaedrys (wild germander) was in
criminated since this has previously been associated with cases of hepatitis (42).
A number of other cases have additionally highlighted the possible hepatotoxic
effect of herbal medicines (11,43-45).

There have also been reports of rapidly progressive interstitial renal fibrosis
with Chinese herbal medicine. An outbreak has been reported in Belgium associ
ated with a weight loss regimen prescribed by one clinic. This consisted of a
low-calorie diet, psychological support, an intradermal injection of artichoke ex
tract and euphyllin, capsules containing a mixture of cascara powder, acetazola
mide, belladonna extract, Stephania tetrandra, and Magnolia officinalis, and a
second set of capsules containing fenfluramine, diethylpropion, and meproba
mate. The original report identified 9 patients with end-stage renal failure, but
subsequently more than 100 cases were reported, at least 30 of which had end
stage renal failure (46-48). One of these cases was additionally associated with
extensive progressive ureteric fibrosis (49). The problem arose after a new formu
lation was introduced, which included Stephania tetrandra and Magnolia offici
nalis. The possibility of contamination or adulteration with a heavy metal,
diuretic, anti-inflammatory drug, or fungal nephrotoxin, e.g., ochratoxin A
produced by Penicillin verrucosum, was considered but excluded on clinical
grounds and after chemical analysis (46). It was subsequently demonstrated that
aristolochic acid was present in 11 out of 12 batches of herbs distributed as pow
ders under the name of Stephania tetrandra. Aristolochic acid is potentially neph
rotoxic and carcinogenic, especially in the setting of Chinese herb-induced ne
phropathy (50,51). It is a constituent of Aristolochia fangchi and not Stephania
tetrandra. The Chinese name for Aristolochiafangchi is Fangchi, which is very
similar to Fangji, the name for Stephania tetrandra (47). Two cases of aristo
10chic acid-induced nephropathy following Chinese herbal medication for ec
zema have additionally been reported in the United Kingdom (52).

This emphasizes the need for strict quality-control measures in the prepara-
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VIII. IMMUNOLOGICAL STUDIES ON THE POSSIBLE
MECHANISM OF ACTION

The exact mode of action of Chinese herbal therapy in atopic dermatitis is un
known, but studies have been undertaken to investigate the mechanisms by which
Zemaphyte may improve atopic dermatitis. Data from the original adult follow
up trial showed no difference in IgE levels, absolute lymphocyte numbers, or the
ratio of CD4 and CD8 subsets despite significant clinical improvement (20). Ini-

tion of herbal medicines (53) but succinctly highlights the ease with which mis
identification can occur and the subsequent effects that this can have. There are
four ways to name a herb: the English common name, transliteration of the herb
name, the Latinized pharmaceutical name, and the scientific name. For example,
the corresponding names for ginseng are ginseng, ren-shen, radix ginseng, and
Panax ginseng (Oriental ginseng). The name ginseng is also applied to P. quin
quefolium (American ginseng) and Eleutherococcus senticosus (Siberian gin
seng) (41). Thus, the scientific name is the most specific and acceptable name
to use in preparing a prescription or reporting in the literature.

There has been one report of facial herpes simplex developing within 2
weeks of commencing Chinese herbal therapy. The patient had been affected by
a similar episode 2 weeks after starting azathioprine, but he had also had 6 other
episodes over the course of the preceding 2 years while on conventional therapy,
making it difficult to establish a causal relationship (54). There has also been a
report of reversible dilated cardiomyopathy following a 2-week course of herbal
therapy for atopic eczema; in this case, more than 30 herbal components were
identified (55). Aconitum poisoning from Chinese herbal medicines is a recog
nized cause of cardiotoxicity (56). One case of photosensitivity has been reported
following the ingestion of Chinese herbal therapy for vitiligo, which contained
powdered seeds of Psoralea corylifolia (57).

Finally, there have been concerns raised regarding the illegal supply of
prescription-only corticosteroids peddled as topical herbal therapies (58,59) and
the adulteration of herbal creams with corticosteroids. In a recent study, out of
11 herbal creams from 5 different suppliers in South London, 8 were found to
contain dexamethasone (60).

The problems highlighted above can be minimized in the setting of a rigor
ously prepared product, which has an extensive toxicological pedigree and is
manufactured by a pharmaceutical company that can institute quality control
combined with careful pretreatment and maintenance monitoring of laboratory
investigations. It is encouraging that the House of Lords Select Committee on
Science and Technology in the United Kingdom has recently recommended
proper regulation and increased research in the complementary sector (15).
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tial in vitro studies looked at the effect of the herbal medicine on monocytes
collected from nonatopic individuals and the level of IL-4-induced C023 expres
sion. Chinese herbal therapy inhibited C023 expression by up to 60% in a dose
dependent fashion as compared with placebo, which had no significant effect
(Fig. 2). Cell death or loss of functionality was not responsible for this effect
(61).

In contrast, patients treated with Chinese herbal therapy for 8 weeks showed
no significant difference in C023 expression on peripheral blood monocytes de
spite significant clinical improvement. However, when peripheral blood mono
cytes from these patients were cultured in the presence of lL-4, C023 expression
was significantly diminished. Therapy led to decreased levels of soluble IL-2
receptor, soluble vascular cell adhesion molecule, and serum IgE complexes, but
not total IgE or soluble intracellular adhesion molecule levels (62). When immu
nohistochemical studies were carried out on lesional skin from patients with
atopic dermatitis before and after treatment, the overall number of C023 + cells
decreased significantly. This was associated with significant decreases in the
number of C023 + RF01 + dendritic cells, RF07 + tissue macrophages, and

Figure 2 Inhibition of CD23 on monocytes by Chinese herbal therapy extract (_) and
placebo extract (D) in 12 control subjects. Chinese herbal therapy inhibits in a dose
dependent manner, and the inhibition is still significant at a dose of 250 /l-g/mL. (Kindly
reproduced by the permission of British Journal of Dermatology, Blackwell Science Ltd.)
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Figure 3 Mean (±SD) number of cells expressing double phenotypic markers within
lesional skin taken before and after treatment with Chinese herbal therapy. The data are
from eight subjects. _, before treatment; l1i', after treatment (Kindly reproduced by the
permission of British Journal of Dermatology, Blackwell Science Ltd.)
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CDl + Langerhans cells (Fig. 3). Significant differences in the number of these
cells in lesional compared to nonlesional skin became nonsignificant follow
ing treatment. Additionally the number of cells expressing FCERI remained un
changed and no change in cell numbers in nonlesional skin was seen (63). Further
studies confirmed that the Chinese herbal treatment had no effect on CD23 ex
pression on peripheral blood monocytes, but that a significant reduction in posi
tive tissue macrophages occurred in lesional skin (64). This suggests that the
effects of the Chinese herbal medicine modulate CD23 expression in the microen
vironment of lesional skin rather than systemically.

Studies have also been carried out looking at the effects of Zemaphyte on
allergic contact sensitivity in guinea pigs using equivalent doses to those given
to humans. Chinese herbal therapy had no effect on the induction of sensitization
to DNCB (l-chloro-2,4-dinitwbenzene) as measured by skin thickness on the
flank, but recall reactions were significantly reduced by therapy (control animal
reaction 2.6 mm, treated animal reaction 1.5 mm, p < 0.01). Two weeks of
treatment was required as a minimum to achieve a significant reduction in recall
skin reactions, and no cumulative effect was seen after 4 weeks of treatment. No
consistent dose-response effect was observed, but if a threefold increase over the
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human equivalent dose was given, more sustained suppression of the recall reac
tions was observed (X.-J. Xu, M. H. A. Rustin, L. W. Poulter, unpublished).

IX. CONCLUSION

Clinical studies have shown that a particular formulation of Chinese herbal ther
apy, Zemaphyte, is an effective treatment for severe atopic dermatitis that is not
exudative or infected. Corroborative studies are needed, and these should be de
signed to allow comparison with existing data. The possibility of side effects is
real, but with proper manufacturing, quality control, and monitoring of treatment,
the risk can be minimized. Regulation, improved training, and increased scientific
research in the complementary medicine sector are all required. This can be partly
solved by increased cooperation between practitioners of orthodox and comple
mentary medicine, as shown by the clinical studies carried out in London. With
out this, doubts and suspicions will remain regarding safety and efficacy. Ongoing
research is trying to identify the active ingredients in Chinese herbal therapy, but
one has to be aware that individual chemicals may not produce clinical benefit,
since Chinese herbal therapy is based upon the treatment of a number of contribu
tory factors with a combination of herbs containing a multitude of different chem
icals that may act in concert.
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Systemic Pharmacotherapy
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University of Graz, Graz, Austria

Klaus Wolff
University of Vienna, Vienna, Austria

I. INTRODUCTION

In the large majority of patients, atopic dermatitis can be managed by the use of
emollients, hydration, topical corticosteroids, phototherapy, avoidance of irri
tants, and treatment of infection. Time-honored, systemic treatments include anti
histamines to suppress pruritus, systemic corticosteroids for the control of in
flammation and pruritus, and, more recently, cyclosporine to suppress ongoing
T-cell activation in this chronically relapsing disorder. This review will focus on
antihistamines, corticosteroids, and cyclosporine but will also briefly address
other immunosuppressive and anti-inflammatory agents that have been employed
to control atopic dermatitis or are presently being developed.

Antihistamines are among the most widely used drugs in the world and are "pre
scribed in large quantities by general practitioners not only for atopic eczema
but seemingly for pruritus of any cause" (1). The rationale for their use in atopic
dermatitis is to interrupt the itch-scratch-itch cycle. But even though early studies
have reported increased histamine levels in normal and eczematous skin and that
pruritus induced by intradermally administered histamine can be clinically sup-
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pressed with HI receptor antagonists (2), the mechanism of itch in atopic denna-I

titis is still largely unknown. It is undisputed that anthistamines are antipruritic
in certain conditions such as insect bites or urticaria, and the ongoing controversy
on their use in atopic dermatitis therefore rests on the issue whether they are also
antipruritic in this disease (3).

Clinical trials of antihistamines have been criticized for being inadequate
in tenns of study designs and sample size, and the outcomes are contradictory.
Current recommendations and practices are based largely on the individual expe
rience of patients and physicians.

A. First-Generation Antihistamines

These include piperidine derivatives (e.g., terfenadine and astemizole), lorata
dine, azelastine, fexofenadine, cetirizine, and others. They are generally less se-
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B. Second- and Third-Generation Antihistamines

These include ethanolamines, clemastine, piperazine derivatives, meclizine, phe
nothiazine derivatives, trimeprazine, cWorpheniramine, ethylene diarnines, and
alkyJamines. The drowsiness and decline in perfonnance have been the primary
limitations of their daytime use, and when given at night, there may be "hang
over" effects the following day. Because itch intensity often increases at night,
the soporific effect of sedating fonnulations can be quite useful. Sedating antihis
tamines are therefore frequently used, especially at bedtime, to facilitate peaceful
sleep.

Should patients with atopic dermatitis use these sedating agents? The prime
argument against their use is that they have not been proven to relieve pruritus,
but in the experience of most authors they have been useful by virtue of their
soporific effect. A disadvantage is that they can only be used for short periods
because tolerance is thought to develop quite quickly (4). Any of the standard
antihistamines are essentially equally effective (or not): all cause sedation, im
pairment of cognitive function, diminished alertness, and slow reaction times.
These drugs may also cause fatigue, lassitude, drowsiness, somnolence, weak
ness, dizziness, ataxia, and even narcolepsy or coma. Occasionally, paradoxical
stimulatory effects such as insomnia, hyperreflexia, irritability, headaches, mus
cle twisting, nervousness, tremor, dyskinesia, dystonia, or seizures may occur.
Neuropsychiatric and neurological effects, dry mouth, and urinary retention have
also been reported. Some first-generation HI antagonists may cause gastrointesti
nal upset, appetite stimulation, and inappropriate weight gain. And pancytopenia
and jaundice have been reported after ingestion of trimeprazine. Although oc
curring only sporadically, these are too many potential side effects for drugs with
questionable efficacy in a non-life-threatening disease, where safer and better
alternatives are available.
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dating and produce considerably less impairment of cognitive and motor function
than their earlier chemical cousins. The drowsiness and dry mouth associated
with older, first-generation antihistamines resulted from significant penetration
of these agents into the central nervous system (CNS). The chemical structures
of the second-generation agents differ in that these newer agents are less lipo
philic and bind to proteins to a greater extent, properties that prevent substantial
CNS penetration. They are also more specific for the histamine receptor and do
not appreciably block cholinergic receptors (5).

Some second-generation antihistamines are also not completely devoid of
adverse CNS effects. The low sedating property of terfenadine, astemizole, lora
tadine, and others is well established (6). Pooled data from placebo-controlled
clinical trials of cetirizine have indicated that while the incidence of sedation by
cetirizine is lower than with older antihistamines, it is higher than with the other
second-generation antihistamines (6-8). As a result, the U.S. Food and Drug
Administration (FDA) has classified cetirizine as "sedating" rather than nonse
dating, and thus the full sedation precautions also apply to this drug. As teIfena
dine and astemizole were found to cause potentially serious arrhythmias (9), they
have meanwhile been withdrawn from the market. The goal for the third genera
tion of antihistamines was to develop therapeutically active metabolites that are
devoid of cardiac toxicity. This group includes fexofenadine (the active metabo
lite of teIfenadine), which was approved in 1996, norastemizole (the active me
tabolite of astemizole), and descarboethoxyloratadine (derived from loratadine).

Data on the clinical efficacy of the newer non-sedating agents are conflict
ing. Whereas several controlled clinical trials with cetirizine, loratadine, acrivas
tine, and terfenadine appear to support efficacy of these antihistamines in atopic
dermatitis (3,8), an evidence-based review of the efficacy of antihistamines in
relieving pruritus in atopic dermatitis (10) concluded that "little objective evi
dence exists to demonstrate relief of pruritus. The majority of trials are flawed
in tenus of the sample size or study design. Based on the literature alone, the
efficacy of antihistamines remains to be adequately investigated...." However,
newer in vitro studies with some second- and third-generation antihistamines
have revealed properties of some of these products that might broaden their spec
trum for clinical use and also justify their administration to patients with atopic
dermatitis.

Loratidine in vitro inhibits the release of histamine and leukotriene C4

(LTC4) from rodent mast cells, histamine and LTC4 from human basophils, and
histamine, leukotrienes, and prostaglandin D2 from human skin tissue (11). It
also has been shown to inhibit superoxide anion generation and eosinophil che
motaxis in vitro and eosinophil accumulation in nasal and bronchoalveolar lavage
material after antigen challenge in vivo (11). In allergic subjects, blood flow to
the skin was increased and late-phase reactions to both histamine and allergen
skin-prick challenge were inhibited (11). Following these observations, loratadine
10 mg once daily has shown to reduce pruritus and rash more effectively than
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placebo and at least as well as hydroxyzine (12). Double-blind, randomized,
placebo-controlled studies have meanwhile reproduced similar positive effects
(13).

Cetirizine was shown in patients with severe reactions to insect bites to
inhibit both the early and late inflammatory reaction as well as eosinophil infiltra
tion and accumulation (8). In a double-blind, multicenter, placebo-controlled
study, cetirizine gave a marked improvement of pruritus and the extent and activ
ity of skin lesions. This was paralleled by a pronounced decrease in the number
of blood eosinophils (14).

Diverse anti-inflammatory properties, such as the inhibition of mediator
release and leukocyte chemotaxis, have been described for descarbethoxylorata
dine, the active metabolite of loratadine, including cytokine synthesis and secre
tion from mast cells (15). Proven antihistarrunic, anti-inflammatory (Th2 cyto
kines, chemokines, and adhesion molecules), and antiallergic (inhibition of mast
cell products) activity has an enormous potential for treating the systemic aspects
of allergic disease (15).

IgE-mediated hypersensitivity reactions and positive skin-prick tests to al
lergens are common in patients with atopic dermatitis and have been implicated
in the pathogenesis of this disease. Since treatment with antihistamines has con
vincing effects in IgE-mediated disease like allergic rhinitis or urticaria and in
patients allergic to drugs or insect venoms, they should theoretically also exert
effects in atopic dermatitis, where antigen exposure via the skin may induce local
and systemic immune responses.

C. Conclusions
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Critical reviews of the large body of clinical trials that refute or support the
efficacy of antihistamines in relieving pruritus in patients with atopic dermatitis
have summarized that there is no evidence to support the effectiveness of antihis
tamines in atopic dermatitis (10). An article by Henz et aI. (3) on the effects of
HI receptor antagonists in pruritic dermatoses points to the differential effects
on pruritus versus whealing and the low efficacy in atopic eczema as compared
to urticaria. These authors suspect that different anti-inflammatory properties of
HI antagonists, such as the inhibition of mediator release and leukocyte chemo
taxis, cytokine synthesis and secretion from mast cells, mediator release from
leukocytes and others, "might have no impact on the chronic inflanunatory pro
cesses in atopic dennatitis, where cytokines and growth factors may be more
promising targets of itch therapy" (2).

On the other hand, there are millions of patients with atopic dermatitis who
have tried to suppress their pruritus for years with antihistarrunes with supposedly
good results, and many studies by renowned dermatologists claim to have proven
efficacy of antihistamines in the treatment of atopic dermatitis (3). Can they all
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be wrong, and are we dealing with placebo effects? Juhlin (14) has analyzed the
many problems of such studies and concluded that "taking all clinical reports
together, there is now evidence that the non- or less-sedative antihistamines can
reduce pruritus in patients with atopic dermatitis." However, high doses are re
quired to reach substantial symptom relief (3).

Of course, evidence-based medicine certainly calls for new large, random
ized, double-blind, placebo-controlled clinical trials to provide a definite answer.
Such studies, however, may be difficult or even impossible to perform as most
patients with atopic dermatitis take antihistamines because of associated IgE
mediated disease such as allergic rhinitis or asthma. In addition, the heterogeneity
of atopic dermatitis with its many different provocative factors, like food allergy,
infections, occupational irritants, and mite exposure, make it difficult to identify
patient cohorts comparable with regard to the extent and severity of eczema,
level of IgE-associated symptoms, and compliance to perform such studies. The
severity of disease has to justify treatment for a prolonged period of time, but
then these patients apply topical corticosteroids that also relieve pruritus. Do we
really need such a study? It is interesting that most expert clinicians dealing with
atopic dermatitis indeed use antihistamines in their daily practice.

III. SYSTEMIC GLUCOCORTICOSTEROIDS

Glucocorticosteroids exert a wide range of anti-inflammatory and immunosup
pressive effects and thus effectively reduce inflammation and pruritus in atopic
dermatitis. Their use in atopic dermatitis is time honored, but large-scale con
trolled studies have never been performed. However, in contrast to the antihista
mines they have an undisputable, proven efficacy in atopic dermatitis. By under
standing the properties and mechanisms of action, one can maximize their
efficacy and safety as therapeutic agents, but it has to be noted that they should
be employed only as a rescue treatment in this chronic disease.

A. Mode of Action
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Systemic steroids decrease the synthesis of a number of proinflammatory mole
cules, including cytokines, interleukins (IL-I, IL-2, IL-6, and tumor necrosis fac
tor), and proteases, largely through their effects on transcription. Some mediators
of inflammation such as cyclooxygenase-2 are inhibited, some others such as
lipocortin-l are increased. Replication and movement of cells is suppressed re
sulting in monocytopenia, eosinopenia, and lymphocytopenia (T more than B
cells). Apoptosis of lymphocytes is induced, whereas the increase in circulating
polymorphonuclear leukocytes is related to demargination of cells from the bone
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marrow and inhibition of neutrophil apoptosis. Activation, proliferation, and dif
ferentiation of cells of the immune system is obtained either indirectly via modu
lation of mediator production or by direct suppression of cellular functions (16).
Very high doses are needed to suppress antibody production of B lymphocytes
and plasma cells, a disadvantage in atopic diseases where there is a high degree
of IgE-mediated problems. On the other hand, granulomatous infectious diseases,
such as tuberculosis, are prone to exacerbate and relapse during prolonged sys
temic treatment.

The multiplicity of biological effects produced by glucocorticosteroids ex
plains why currently there is no unifying hypothesis to explain the therapeutic
efficacy of these agents.

B. Use in Atopic Dermatitis
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Any decision to employ systemic glucocorticosteroids in atopic dermatitis should
weigh expected benefits against potential side effects. In the small proportion of
patients who do not respond to optimal skin care and topical management or
when during an acute flare of severe atopic dennatitis more than 20% of the skin
is affected, a decision to administer steroids systemically may be made (17,18).
Systemic administration in atopic dennatitis thus represents a rescue treatment.
Initial use of high doses of prednisone or prednisolone (l mg/kg/ day) maximize
the anti-inflammatory/immunosuppressive effects and allow more rapid tapering
or conversion to an alternate day regimen (19). One should not taper too rapidly
so as to minimize the risk of a steroid rebound, i.e., a posttherapeutic exacerbation
of disease to a more severe level. A simple approach, also easy for patients to
follow, is to administer 60 mg daily for 5 days, to be followed by 40 and 20 mg
for 5 days each. Treatment is continued by 20 mg on alternate days for another
week and then stopped. A single daily dose given in the morning is preferable,
as this regimen is thought to minimize hypothalamic-pituitary-adrenal suppres
sion by mimicking the nonnal circadian rhythm of adrenal cortisol produc
tion. Topical glucocorticoids, ascomycins, or tacrolimus or other steroid-sparing
agents should be continued during the taper to suppress rebound flaring, and
hydration and moisturizers need to be continued or even intensified.

The literature is scarce on systemic steroid treatment in atopic dennatitis,
and well controlled studies have not been performed, obviously because of its
empirically proven dramatic efficacy. Now tllat otller systemic drugs like azatllio
prine and cyclosporine have proven effectiveness in atopic dennatitis, the use of
systemic steroids is restricted to rescue treatment where a rapid response is re
quired. This approach requires chronic retreatment leading to tachyphylaxis, cu
mulative long-tenn toxicity, and "steroid-addictive n behavior (20). Maintenance
systemic glucocorticosteroid therapy has to be avoided in all instances.
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C. Side Effects

The list of side effects is imposing and includes all the adverse events of topical
corticosteroid therapy and multiple more significant sequelae like hypertension,
gastric ulcers, osteoporosis, aseptic bone necrosis, and cataracts. Side effects on
skin include atrophy and striae formation, possibly related to the antianabolic
properties of glucocorticoids through suppression of proline hydroxylation and
cross-linking of collagen, purpura from increased vascular fragility, formation
of stellate pseudoscars, steroid acne, rosacea, perioral dermatitis, facial hyper
trichosis, and initial masking and then worsening of cutaneous or systemic bacte
rial, fungal, or viral infections. Hypertriglyceridemia, altered lipid metabolism,
hyperglycemia, gastritis, gastric ulcers, pancreatitis, potassium wasting, myopa
thy, posterior subcapsular cataracts, Cushingoid appearance, psychosis, pseudotu
mor cerebri, and growth retardation in children are all possible sequelae of pro
longed systemic glucocorticoid administration.

D. Conclusions

In general, systemic steroids should be avoided in the management of a chronic,
relapsing disorder such as atopic dermatitis. As rescue treatments they are justi
fied but should never be administered on a long-term basis. If patients or parents
demand immediate improvement of the disease and find topical therapy ineffec
tive or impossible to perform, they have to be appropriately informed of the
potential side effects of steroids and of the fact that dramatic improvement ob
served with systemic steroids may be and is frequently associated with an equally
dramatic flare of atopic dermatitis following their discontinuation. Some patients
and physicians have in the past preferred the use of systemic steroids over topical
therapy, but with the availability of new topical drugs such as tacrolimus or asco
mycins, this may become obsolete.

IV. CYCLOSPORIN
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Cyclosporin A (CsA) is a fungal peptide with powerful immunosuppressive activ
ity. It effectively suppresses cell-mediated immune responses, particularly graft
rejection, and the graft-versus-host reaction. A first report indicating the efficacy
of this nonmyelosuppressive immunosuppressive agent in the management of
severe atopic dermatitis was published in 1987 (21); several uncontrolled and
placebo-controlled trials have been reported, studying the effects in children and
adults, short- and long-term safety, questions of dosage and different formula
tions, maintenance therapy and remission time, quality of life, disease markers
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like E-selectin or sCD30 levels in blood, and many others. Several workshop
and consensus reports have been published (22-24). CsA is thus a drug for atopic
dermatitis that has been carefully and extensively studied.

Regular CsA (marketed as Sandimmun®) has proven useful as a second
line treatment for severe atopic dermatitis in patients who do not respond to or
cannot tolerate treatment with topical steroids or other modalities (25). However,
its use has been somewhat hampered by high inter- and intrapatient variability
in its bioavailability (26) and dose-dependent side effects. The use of CsA as a
microemulsion (Sandimmun Neoral; Neoral®) in the treatment of dermatological
diseases was pioneered by Bourke et al. (27). Further investigations showed that
Neoral has a better and more reproducible pharmacokinetic profile resulting in
improved control of therapy and fewer adverse events. Data obtained in a ran
domized, double-blind, crossover study suggest that Neoral is an adequate re
placement for Sandimmun thanks to its high efficacy, its faster onset of action,
and its better tolerability (26). The pharmacokinetic properties of Neoral provide
for greater ease in individualizing dosage and maintaining CsA concentration
within the therapeutic window (28). For conversion from the original formulation
to the microemulsion formulation, a l: 1 dose-conversion strategy is recom
mended. It then may be necessary to make subsequent dose reductions in poor
absorbers of conventional CsA to ensure that they are receiving the lowest effec
tive dose. Careful safety monitoring is mandatory postconversion to comply with
the safety guidelines (29).

A. Mode of Action

CsA should at present only be used in adults (24) and children (23) with severe
atopic dermatitis that cannot be controlled by emollients, topical glucocorticoste
roids, phototherapy, and/or photochemotherapy. The atopic dermatitis should be

Peripheral blood eosinophilia frequently occurs in atopic dermatitis, and there is
an increase of eosinophils and their products, the eosinophil cationic protein and
eosinophil major basic protein, in atopic skin. These eosinophils are thought to
be preactivated in the circulation as a result of exposure to the T-cell-mediated
cytokines IL-3, IL-5, and GM-CSF. CsA probably acts by downregulating Th2
cells, which decreases IL-4 and IL-5, thereby lowering peripheral blood eosino
philia. Treatment of atopic dermatitis with CsA has also been shown to signifi
cantly reduce adhesion molecules that regulate leukocyte migration (E-selectin)
(30) and CD30 (31), an activation marker of Th2 cell clones. Reduction of these
factors significantly correlated with changes in disease activity parameters such
as severity and extent of disease.

B. Patient Selection
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of sufficient severity in tenns of extent of disease and/or effects on quality of life
to justify the risks inherent in CsA treatment. These risks include nephrotoxicity,
hypertension, and the consequences of immunosuppression. In children, CsA
should be used with even more caution than in adults, in that only short-term
treatment should be considered.

The treatment with CsA should only be installed by dermatologists having
a large experience of managing atopic dermatitis in the specific age group, chil
dren or adults, respectively, and comprehensive knowledge in the use of CsA in
general. Close cooperation with a pediatrician or with the general physician of
the patient and vice versa is recommended.

Before starting CsA therapy, patients should be clearly advised that this
treatment necessitates close monitoring, is only symptomatic, and, based on the
present state of knowledge, continuous treatment should not go beyond 6 weeks
in children and 1 year in adults. Patients should also undergo a full physical
examination with particular attention to skin neoplasms and blood pressure.
Screening for gynecological or prostate malignancy is strongly recommended
according to published guidelines (24). Blood chemistry (blood count, serum
bilirubin, liver enzymes, urea, creatinine on two occasions, potassium, uric acid,
fasting lipids, and urinalysis for protein) should exclude potential contraindi
cations for CsA therapy (Table I) (32). Pregnancy and lactation constitute contra
indications (unless the potential benefits of CsA therapy outweigh the potential
risks for the fetus or the baby). Drug interactions are numerous, some of them
increasing CsA blood levels (Ca antagonists, antimycotics and antibiotics, corti
costeroids, antiemetics, etc.), some lowering CsA levels (antiepileptics, barbitu
rates, some antibiotics, and somatostatin analogs), some increasing the risk of
nephrotoxicity (aminoglycosides, NSAID, antimycotics and antibiotics, alkylat
ing agents). CsA may raise blood levels of antigout agents, NSAID, cardiac gly
cosides, and corticosteroids. Concomitant therapy with systemic corticosteroids,
immunomodulating agents, or radiation therapy is contraindicated; concomitant

Table 1 Contraindications for Use of Cyclosporin A

Previous or current malignancy (except basal cell carcinoma)
Premalignant conditions
Primary or secondary immunodeficiency
Severe renal and hepatic dysfunction
Uncontrolled hypertension
Serious infection
Drug or alcohol abuse
Lack of compliance with regular monitoring

Source: Ref. 31.
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use of topical corticosteroids is pennitted and even encouraged in unstable situa
tions.

c. Dosing and Treatment Regimens
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There are still no conclusive data on the most appropriate starting dose of CsA.
Whereas most authors use a starting dose in adults of 5 mg/kg/d, the guidelines
edited by Concensus Conferences usually recommend to start at 2.5 mg/kg/d, to
divide this dose into a morning and evening dose, and to adjust this dose by
increasing with 1 mg/kg/d after every 2 weeks, up to a maximum dose of 5 mg/
kg/d (23,24). This "hesitant" approach is not undisputed: 5 mg/kg/d will induce
a more rapid remission, and short-term toxicity is nonnally a lesser problem than
long-tenn toxicity, which is related to duration of therapy and cumulative dose
and not to the initial dose, when given with recommended levels. Early dose
finding studies indicated the superiority of starting with a high dose in clearing
atopic dermatitis, in contrast to the crescendo regimen that entails a delay of
clearing and thus often reduces the patient's confidence and compliance (33).

CsA should be stopped if patients do not respond after 8 weeks of treatment,
which is rarely the case when starting at 5 mg/kg/d. When skin lesions improve
to an acceptable level, the CsA dose should be reduced in steps of I mg/kg every
2 weeks to the lowest effective dose. If clinical improvement continues, CsA
should be discontinued to determine if therapy is still needed. However, present
evidence indicates that the majority of patients will relapse after cessation of 2
months' treatment (34). Therefore, longer-tenn therapy will inevitably have to
be contemplated.

Whereas some authors recommend long-tenn therapy-up to one year
with the lowest dose providing adequate disease control, others plead for short
tenn cycles and to make every reasonable effort to limit the duration of CsA
therapy cycles by returning to conventional means of treatment in between two
cycles (35). Such a regimen would avoid or delay adverse effects, e.g., nephrotox
icity and hypertension, and ultimately improve the long-tenn safety of CsA in
the treatment of atopic dennatitis. Studies to prove the superiority of one ap
proach over the other have not been perfonned.

In children, several studies were perfonned on an open basis with an initial
dose of 5mg/kg/d. Treatment was in most cases stopped after 6 weeks, not be
cause of side effects but for safety precautions, although (limited) evidence from
its use in transplantation, connective tissue disease, and diabetes mellitus would
suggest that CsA is tolerated at least as well by children as by adults (29).

Body weight-independent dosing regimens of CsA were shown to be
promising in transplant patients. In a double-blind study by Czech et al. (36), a
total of 106 adults with severe atopic dermatitis were enrolled to receive either
2.2 mg/kg/d (low) or 4.2 mg/kg/d (high) of cyclosporine microemulsion. The
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E. Response to Treatment and Evaluation of Efficacy

Physicians treating patients with the most severe forms of atopic dermatitis
should not so much consider clinical improvement as success but concentrate
more on patient satisfaction. The goal therefore is not to achieve complete clear
ing but marked improvement of the patient's symptoms. Different scoring sys
tems have been developed in an attempt to reproducibly measure the signs and

results of this study suggest that weight-independent treatment is feasible in
atopic dermatitis.

D. Safety Monitoring

In view of the potential toxicity of CsA, its use in atopic dermatitis must be
carefully considered, monitored, and controlled (24). Follow-up investigations,
including blood pressure estimations, serum creatinine, urinalysis, urea, and po
tassium should be repeated every 2 weeks during short-term treatment and the
dose reduction or withdrawal of CsA be considered, if adverse effects arise, de
pending on their severity. If serum creatinine rises to more than 30% above the
patient's baseline on two consecutive occasions, CsA dose should be reduced by
25-50% for at least 1 month. Therapy can be continued if the serum creatinine
level drops to less than 30% above the patient's baseline. Future therapy can
only be started if serum creatinine values return to less than 10% above the pa
tient's baseline. If the patient develops a mean diastolic blood pressure >95
mmHg on two consecutive occasions, the CsA dose should be reduced by 25
50% or the hypertension should be treated with a calcium antagonist not inter
acting with CsA (e.g., nifedipine). Although continuous CsA treatment seems
safe for up to I year, no renal biopsy studies are available as is the case in psoria
sis patients.

Lymphadenopathy can develop in patients with severe atopic dermatitis.
If it persists, lymphoma should be excluded by biopsy. Other side effects, like
suspicious skin changes for tumors, skin infections including Staphylococcus
aureus and herpes simplex, necessitate regular careful skin inspection. Tremor,
hypertrichosis, gingival hyperplasia, or nausea should be recorded and treatment
dose adapted or stopped. Patients on long-term CsA should be warned of the risk
of cutaneous malignancy following overexposure to solar radiation. There are no
data on the predictive value of routine measurements of drug blood levels in
atopic dermatitis, although this may be useful in detecting possible drug interac
tions or noncompliance-the latter potentially explaining some nonresponders
(22). When the traditional oral formulation (Sandimmun) is prescribed at levels
below 5 mg/kg/d or Neoral below 4 mg/kg/d, peak-trough measurements provide
limited useful clinical information.
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F. Side Effects

The potential side effects of CsA are substantial (23,24), the major limiting side
effect being nephrotoxicity. Monitoring serum creatinine level seems to be a prac
tical method of evaluating renal function, being easier and less error-prone than
determinations of creatinine clearance or glomerular filtration rates. While CsA
nephrotoxicity is generally reversible if detected early, rena] biopsies frequently

symptoms of atopic dermatitis and to assess the efficacy of therapeutic interven
tion. Ideally such a scoring system should be quick, simple, and exhibit high
inter- and intraobserver reproducibility. The two most popular systems are the
SCORAD index and the SASSAD severity index, and patients on CsA should
be regularly followed using such a system (37). In recent years more attention has
been paid to the impact of dermatological disease and therapeutic interventions on
the patient's quality of life. The specialty-specific Dermatology Life Quality In
dex is simple and rapid and allows to objectively assess the subject's satisfaction
with treatment (34,36).

In a representative paper (35), 43 patients with severe atopic dermatitis
were closely followed after a 6-week treatment period with CsA at 5 mg/kg/d.
An almost maximal response to treatment was already apparent after 2 weeks of
treatment. The overall efficacy of treatment was rated as very good or good by
37 of 42 patients after the first treatment cycle. Forty-two percent of the patients
relapsed within 2 weeks and 71 % 6 weeks after CsA was stopped. A second
treatment period was performed, and the results were similar, most patients again
responding favorably. But in contrast to the majority of patients who relapsed
quickly, all 7 patients who did not relapse after the first or second treatment
period were still in remission after I year. This study confirms many similar ones
demonstrating the efficacy of CsA in atopic dermatitis (25). It also suggests that
CsA treatment may improve the long-term outcome of atopic dermatitis, although
most patients initially relapsed a few weeks after CsA was stopped (35). It is
also established that CsA reduces the pruritus in a subgroup of patients within
2 or 3 days and that in over 50% of treated patients the skin improves within 1
2 weeks. In this well-responding group, the mean remission rate at month 6 is
70% (38).

Studies in children (23) have shown that at 6 weeks there was significant
improvement from baseline of severity scores, proportion of skin surface affected,
mean symptom scores for pruritus, irritability and sleep disturbance, and topical
steroid requirement in almost all of the children. Of 27 children treated, 22 had
complete clearing or marked improvement after 6 weeks; only I child completing
treatment was considered to have shown no response. Quality of life improved
for both the children and their families. Long remission after withdrawal of treat
ment was seen in some children, although most relapsed within a few weeks (23).
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show changes of interstitial fibrosis and less frequently irreversible glomerulo
sclerosis.

Cardiovascular side effects are of concern in patients receiving CsA for
atopic dermatitis, and some patients have suffered myocardial infarction while
ingesting the drug. CsA may worsen hypertension in those with preexisting blood
pressure elevation, requiring alterations in antihypertensive regimens. It may also
induce hypertension in normotensic individuals. Diet, exercise, and antihyperten
sive drug therapy may be necessary. CsA may also cause elevation of serum
triglycerides and less frequently cholesterol (24). Among the most striking cuta
neous side effects are hypertrichosis and gingival hyperplasia. Table 2 lists com
mon adverse effects associated with CsA use (39).

One of the main concerns relates to possible long-term carcinogenicity.
This concern is based on the general immunosuppressive activity of CsA and
observations in long-term users such as graft recipients and psoriatic patients. In
the latter, however, factors such as previous chemotherapy or long-term photo
chemotherapy may have played an important role as cocarcinogens (38), cofac
tors that are normally absent in atopic dermatitis patients.

CsA-induced carcinogenesis is of even greater importance in children. The
effects of its prolonged administration are unknown in this age group, although
considerable information is becoming available from its use in children after
organ transplantation. There are almost no reports of CsA-related malignancies
in children, and it is unlikely that short courses of the drug, as used in atopic
dermatitis, could have a detrimental effect. In addition, patients receiving CsA
following organ transplantation are much more intensely immunosuppressed
(40). If, however, the patient with atopic dermatitis has signs of severe photodam
age due to previous sunlight exposure, photo- or photochemotherapy, CsA ther
apy is to be avoided (24).

Table 2 Adverse Effects of Cyclosporine A

System Effects
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Increase in blood-urea nitrogen and creatinine; decrease in
glomerulum filtration and serum magnesium

Mild normocytic, normochromic anemia
Nausea, vomiting, diarrhea, bloating
Elevated transaminases and alkaline phosphatase
Hypertension, hyperlipidemia
Hypertrichosis, gingival hyperplasia
Fatigue, weight loss early in therapy
Encephalitis, tremor, paresthesias

Source: Ref. 38.

Renal!electrolyte

Hematological
Gastrointestinal
Hepatic
Cardiovascular
Mucocutaneous
Constinltional
Neurological
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G. Conclusions

CsA has gained a place in treating difficult cases of atopic dermatitis in adults
(24) and in children (23). The available evidence suggests that short-term treat
ment with CsA is efficacious and safe in patients with recalcitrant disease not
responding to classical treatment. Long-term treatment should only be considered
in adults that do not respond to an 8-week therapeutic schedule. Quality of life
measures improve significantly while patients are on the drug. Dermatologists
are urged to use one of the available scoring systems (e.g., SCORAD) to assess
extent, activity, and symptoms of atopic dermatitis before, during, and after thera
peutic intervention with CsA.

Patients must be encouraged to maintain topical treatment with emollients
and topical steroids during CsA therapy. It is also important to explain to the
patient that a short course of CsA therapy is intended to induce a remission of
the disease but that, at present, long-term remission, although reported in some
patients, remains uncertain. There is no evidence for a rebound phenomenon after
stoppping CsA.

v. OTHER SYSTEMIC DRUGS
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Antimetabolites such as azathioprine, methotrexate, and cytotoxic drugs such as
cyclophosphamide have been employed in patients with severe atopic dermatitis,
and variable results have been reported. Azathioprine, because of its still wide
spread use in some countries, shall be dealt with in more detail below. However,
with none of these agents have controlled studies been performed. This also holds
true for thymopentine, which has been administered with some success to a small
number of patients (41). A double-blind, placebo-controlled study revealed no
significant improvement in patients' well-being or immunological parameters.
The excellent efficacy of CsA and the fact that this drug has been studied very
carefully and guidelines are available indicate that these drugs may become obso
lete in the future. A few controlled studies have examined the effect of interferon
gamma in atopic dermatitis and efficacy was shown in a smaller proportion of
patients; 45% of rIFN-gamma-treated patients, but also 21 % of placebo-treated
patients achieved greater than 50% improvement in physicians' overall response
evaluations (42,43). Because interferon-gamma is not without side effects and
its efficacy in no way matches that of CsA, this treatment probably also will
not be used very often. The same holds true for interferon-alpha (44), high-dose
immunoglobulins (45), and interleukin-2 (46), of which all have been tried in
limited numbers of patients.
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c. New Agents

Systemic macrolides such as pimecrolirnus (ASM SDZ-981, Elidel®) which has
shown dramatic efficacy and a high degree of tolerability in psoriatic patients
(56), is presently being tested in a large international multicenter trial. If the

A. Azathioprine

More than half of the dennatologists in the United Kingdom use azathioprine to
treat severe atopic dermatitis (47), yet there is not one randomized controlled
trial available to support its use (25). Several studies were therefore recently
initiated in order to prove its efficacy and safety as compared to other immuno
suppressive drugs (47-49). Tan et al. (47) point to uncontrolled studies involving
small numbers of patients and leading to contradictory results. Their conclusion
from the literature survey is that cyclosporin has potentially more side effects
than azathioprine, but the latter is more cost-effective and easier to monitor, em
phasizing the need for double-blind trials. Other authors also argue that azathio
prine is an effective and cheaper alternative to cyclosporine in the treatment of
severe adult atopic eczema, but that long-term toxicity remains unclear (49). Lear
et al. (48) point to bone marrow suppression and its oncogenic potential; regard
ing the latter, a study comparing the incidence of cutaneous malignancy in renal
allograft recipients who received cyclosporine or azathioprine showed no differ
ences between the two drugs (50). In summary, azathioprine seems to be effective
and is on the list of recommended systemic treatment modalities in the guidelines
of care for atopic dermatitis of the American Academy of Dermatology (51), but
more studies are needed to better clarify the safety-efficacy ratio of this drug in
atopic dennatitis.

B. Mycophenolate Mofetil

Mycophenolate mofetil (MMF), an immunosuppressive agent that blocks the pro
liferative responses of T and B lymphocytes and is currently used to prevent
rejection in renal transplant patients, has been used in the treatment of psoriasis,
pemphigus vulgaris, bullous pemphigoid, pyodenna gangrenosum, and pom
pholyx (52). Trials in small numbers of patients suggest that MMF therapy may
be beneficial for patients with atopic dermatitis (53) but call for controlled trials
(54). Recent observations of staphylococcal septicemia complicating treatment
of atopic dennatitis with MMF (52), however, call for a reconsideration of its
use in atopic dermatitis, and its relative inefficacy in a small series of atopic
dennatitis patients caused Hansen et al. (55) to conclude that MMF cannot be
advocated based on existing knowledge.
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initial impression of a low-toxicity and high-efficacy profile of pimecrolimus can
be verified also for patients with atopic dermatitis, this drug is probably going
to be the first-line systemic treatment modality of atopic dermatitis in the future.
Publications have shown significant results in a mouse model of atopic dermatitis
(57) and with topical treatment in short-term trials in patients with moderate
atopic dermatitis (58). The promising clincial trial profiles of this new type of
calcineurin inhibitor may result in alternative therapies providing potent anti
inflammatory activity without the adverse effects that limit corticosteroid use (59).

VI. SUMMARY

The list of recommended substances for systemic treatment of patients suffering
from atopic dermatitis (51) is long, ranging from antihistamines, antibiotics, and
corticosteroids to immunosuppressants and from dietary supplements to unsatu
rated fatty acids and Chinese herbs (see Chapter 28) and miscellaneous other
treatment considerations. Many of them have been in traditional use for decades,
several without having ever been tested in placebo-controlled trials as is the case
for systemic corticosteroids. Others' 'like interferons and thymopentin have never
left the level of a research tool rather than being a serious management option"
(60). Others, like cyclosporine, a relatively expensive and potentially toxic pro
prietary drug, have undergone well-controlled trials for the treatment of atopic
dermatitis (25) and have fulfilled expectations. Other substances, like gamma
linoleic acid, heavily recommended even in guidelines (51), but in the first
double-blind, multicentre analysis was shown to be more or less ineffective (61),
emphasizing that the efficacy of any substance being used for the treatment of
this complex disease should first pass a critical review process (25).
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Dermatitis
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I. INTRODUCTION

Atopic dermatitis (AD) belongs to a family of chronic inflammatory skin diseases
that have been known for more than 2000 years but recognized as an individual
entity at the end of the nineteenth century. Despite the tremendous progress made
in the field of immunology and allergology during the last 30 years, we still face
a complex and fascinating disease which consistently offers new challenges for
physicians and researchers. In this concluding chapter, we felt it was necessa..ty
to state some of the most important and remaining open questions that must be
addressed since they will have a major impact on how research in the field of
AD will progress in the future.

II. THE NEED FOR A CLEARCUT AND CONSENSUAL
DEFINITION OF AD

During the twentieth century there was some debate, mainly in Europe, as to
how this disease should be named. Approximately 15 different names were pro
posed, from neurodermatitis or endogenous eczema to atopic eczema or atopic
dermatitis and constitutional eczema. In a world of globalization and common
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efforts in cooperation and research programs, there is an increasing need for
consensus as how to define this disease. In 2001, after long and intensive debatesI
among the participants, the European Academy of Allergy and Clinical Immunol
ogy (EAACI) proposed a new nomenclature, which at least has the advantage of
acknowledging the diversity of AD (1). In line with this, there have also been
efforts to refine the clinical criteria of this disease. Although they have been most
helpful and considered as the gold standard over two decades, the need for a
critical reconsideration of their own criteria under the light of the progress in
epidemiology and pathophysiology has been acknowledged by Jon Hanifin and
Georg Rajka (Third International Symposium on Atopic Dermatitis, September
2001, Portland, OR). The semantics of defining a disease is not a static but a
dynamic process tightly related to the progress made in understanding its patho
physiology. Thus, physicians should be able to accompany this progress and to
accept the new frames provided by the scientific progress in this field while keep
ing the interest of their patients in mind.

To afford further progress in this particularly sensitive area, the develop
ment of new techniques supplementing our diagnostic tools is essential to reach
the goal of an ideal clinical and biological phenotype definition. These develop
ments are mandatory for future studies in genetic epidemiology as well as in
other areas of AD research such as gene profiling (see below).

III. GENETIC EPIDEMIOLOGY: CHASING THE GENES
LEADING TO AD
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In contrast to monogenic diseases, AD is a prototypical multifactorial disorder
in which genetic complexity increasingly reflects the complexity of the clinical
spectrum of this condition. Thus, it is not surprising that the various reports deal
ing with genome wide scans, linkage, and association analysis have currently
revealed more than a dozen candidate genes (2). This highlights the concept of
gene-gene and gene-environment interactions, which are likely to playa major
role in the pathophysiology of AD. After having sequenced the human genome,
the real challenge has now started in attempting to identify variants/polymor
phisms (single nuclear polymorphisms, or SNPs) which may be of relevance to
AD. Clear and accepted clinical criteria for the AD phenotype are mandatory for
the success of such sophisticated studies and to allow comparative approaches
between reports. The era of functional genomics has now been open and will
absorb many scientists over the next years in chasing the relevant genes and their
products. Obviously progress in this field will dictate the advances in understand
ing the immunoallergological network that is the basis of AD and other diseases
like psoriasis. Interestingly, while these two chronic inflammatory skin disorders
have long been considered different diseases, some authors have further sug-
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gested that they may be mutually exclusive. It would not be surprising that prog
ress in immunogenetics will correct our current point of view in this regard and
suggest that certain aspects of AD and psoriasis develop on the basis of common
genetic variants (3). One may imagine that chronic inflammation in the epidermis
or dermis may be the result of polymorphism(s) in gene(s) coding for molecules
involved in the downregulation of inflammation in the skin, which would explain
why both diseases, although clinically distinct, tend to become chronic or persis
tent. With this in mind, chasing the genetic background of the so-called intrinsic
form of AD (lAD) (4) may represent a crucial step in unraveling putative genes
involved in the regulation of inflammatory reactions in the skin. However, these
kinds of genetic studies require a clear-cut definition of the clinical and biological
phenotypes of intrinsic AD and will be extremely challenging for clinicians and
genetical epidemiologists since these patients represent a minority among AD
patients.

IV. IMMUNOALLERGOLOGY OF AD
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Recently, the concept of a maturating immune system in the postnatal phase of
life where the Th2 dominance switches to a Th I dominance in early childhood
has been largely accepted (5). However, the nature of the signals required for
this maturation are still debated. According to the hygiene hypothesis recently
supported by epidemiological studies and investigations in animal models, micro
organisms and particularly the resident microflora of the gut have been recog
nized as major players in this complex scenario (6,7). Lipopolysaccharides or
so-called CpG sequences derived from distinct bacteria have been shown to be
strong inducers of Th 1 immune responses via their ability to bind to so-called
pattern recognition receptors of the innate immune system expressed on APC.
Based on this concept, the use of probiotics, e.g., from Lactobacillus rhamnosus
GG or Bifidobacterium lactis Bb-12 during early childhood has been proposed
as a simple strategy to reinforce the normal healthy gut flora and promote the
postnatal Th2-to-Thl switch. In the near future this will be further explored by
colonization of the GI tract using a probiotic approach (8-10). Whether this type
of strategy is not only beneficial for early infancy but may also be applied for
older individuals needs to be addressed in further controlled studies, ideally com
bined with exploration of the immunogenetical background.

Based on the genetic, clinical, histological, and allergological background,
it is reasonable to conclude that AD results from an immunological alteration in
which cell-mediated mechanisms playa crucial role. It is also generally accepted
that this type of inflammatory skin reaction needs at least the interaction of
antigen-presenting cells (APC), which present certain antigen-derived peptides
to effector T cells. In this context, the notion of intrinsic and extrinsic forms of
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AD is of crucial importance since they imply the putative role of exogenous
allergens, i.e., aeroallergens or food allergens in the case of extrinsic form, where
specific IgE and IgE receptors on APC represent the link between the atopic
status (as defined by sensitization to environmental allergens and subsequent pro
duction of specific IgE) and the cellular events acknowledged above (I I). In
contrast, some yet-to-be-defined cutaneous autoantigens, which may not require
specific IgE for recognition by APC, could be of importance in the intrinsic form.
The degree of complexity is even greater when one considers the putative role of
so-called autoallergens as Hom SI (12), to which atopic patients with otherwise
increased IgE levels obviously became sensitized in the course of their disease.
Thus there is a great need to clarify these issues since they are of paramount
importance for understanding the immunopathology of the wide clinical spectrum
of AD and to design future prevention and therapeutic strategies.

Finally, the pronounced colonization of the skin and nose of patients with
AD with Staphylococcus aureus is a well-known phenomenon, and several stud
ies have highlighted the role of these bacteria in triggering/maintaining the cuta
neous inflammatory reactions (13). Whether this colonization is mainly due to the
underlying inflammation as a kind of "natural agar" and/or a defective control in
the skin microftora of these patients is still unclear. Recent progress in under
standing the mechanisms of innate immunity of the skin has demonstrated the
presence of natural antimicrobial peptides, i.e., ~-defensins, which are produced
by keratinocytes upon local signals delivered by colonizing microorganisms (14
17). Whether keratinocytes for AD have an intrinsic defect in the control of bacte
rial colonization, e.g., by polymorphism/variants in genes encoding for defensins,
is a fascinating new field of research.

v. NEUROIMMUNOLOGY OF AD
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Atopic dermatitis is considered a paradigmatic dermatological condition in which
the skin often acts as a mirror of psychological situations. Clinicians are well
aware of the important impact of psychological factors as triggers of AD and
their relevance in the management of this disease. These observations clearly
suggest that many of the above-mentioned immunoallergological events may be
under the tight control of signals emerging from the central nervous system
(CNS). As these signals are vittually lacking under in vitro conditions, the major
ity of the immunological phenomenons observed in laboratory investigations pro
vide only a partial picture since they have been placed outside their in vivo micro
environment where neuropeptides most probably act as major players in dictating
the reactivity thresholds. As the biological links between the CNS and the im
mune system have been unraveled during the last decade, increasing interest has
been focused on the mechanisms underlying the control of immune responses by
neuropeptides, particularly in the skin. Future progress in this area should shed
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At the beginning of the twenty-first century, biomedical research has access to
new technologies that will considerably speed up the acquisition of information
in many areas, particularly in common diseases such as AD. However, the value

some light in the black box of the pathophysiology of pruritus in AD. Undoubt
edly, academic investigators and industry-based research should focus on this
fascinating field of dermatological aspects of psychoneuroimmunology since the
potential for breakthrough discoveries and their therapeutic perspectives have
been underestimated so far.

VI. GENE PROFILING AND PHARMACOGENETICS: THE
BASIS FOR FUTURE THERAPEUTICAL STRATEGIES

Tremendous technological progress has been made in the last few years, provid
ing new exciting research tools in genomics and proteomics. Microchips for gene
and protein arrays combined to bioinformatics will yield tremendous amounts of
data, which, after meticulous and accurate sorting, should enable investigators
to better understand complex interactions and regulatory mechanisms occuring
in tissues (18,19). Based on the information provided by the analysis gene profiles
(using gene crups) obtained from normal and involved skin before and after ther
apy, we should gain more information about the mechamsms involved in the
initiation, regulation, and nonnalization of the inflammatory reactions in the skin.
Thus, genes and their products could be identified as potential new targets for
future therapeutic strategies. This is of special interest when looking for those
genes responsible for the signals that should physiologically downregulate an
inflammatory reaction but are for some reason unable to perform this function
and therefore lead to chronic inflammation.

On the other hand, increasing financial support has been invested in projects
such as functional genomics aimed to identify putative functionally and patho
physiologically relevant single nucleotide polymorphisms. These efforts should
provide important new information concerning the individual reactivity ofa given
patient treated with conventional or newly developed medications. In fact, we
should be able to distinguish responsive and nonresponsive individuals. This
could be of critical importance for the recruitment of patients for future clinical
trials. Finally, this knowledge may also be helpful in understanding why some
patients are prone to display known or unexpected side effects during therapy.
The pharmaceutical industry has already recognized the benefit of these new
technologies and is confident in their potential for designing new imrnunopharma
cologically active compounds.

VII. CONCLUSION
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of the data obtained by investigations using these technologies is rather limited
as long as the criteria used to recruit the patients are not better standardized and
updated. This multifactorial disease remains an attractive challenge in terms of

research and management. There is no doubt that the current efforts in under
standing the pathomechanisms of AD will rapidly lead to the design of new com
pounds able to specifically target discrete but essential mechanisms contributing
to this condition. In this regard, the beginning of this new century is quite promis
ing, but there remains a long way to go before physicians will be able to effec
tively control the maturation of the immune system and to cure atopic dermatitis.
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[Adults]
clinical efficacy and safety of topical

macrolide immunomodulators in
pimecrolimus cream, 552-553

tacrolimus ointment, 549-552
Aeroallergens, 195,357-374,455

development of atopic dermatitis,
367-369

evidence for causal role of inhalant al
lergens, 369-370

immunopathology, 358-364
eosinophils and basophils in

natural and induced eczema,
360-363

genetic analyses, 363-364
IgE and IgE antibodies, 358-360
results of patch texts with inhaled

allergens, 360
T lymphocytes, 363

inhalant allergens, 364-366
dust mites, 364-365
other inhalants, 365-366

mechanisms, 368-369
relevance to treatment, 369

Affective area, neurotic symptoms and,
52-53

Acetylcholine, 189-190
Acute atopic dermatitis:

possible anti-inflammation effects of
PDT inhibitors in, 494

severe atopic dermatitis,
photo(chemo)therapy for, 503-511

extracorporeal photo(chemo)ther
apy,509-511

PUVA therapy, 508-509
UVA-I phototherapy, 503-508

Acute eczematous skin lesions, cytokine
pattern in, 244

Acute skin inflammation, 164
Adhesion of T cells in atopic dermatitis,

245-247
Adolescence:

impact of severe atopic dermatitis on
quality of life in, 526

See also Childhood
AJrenucurticutrupic hurmune (ACTH),

522
Adults:

clinical and laboratory investigations
of food hypersensitivity in adults
with atopic dermatitis, 393-
394
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[Animal models]
murine model systems, 166-173

humanized SClD model, 172-173
immunization of BALB/C mice,

171-172
NAO mouse, 171
NC/Nga mouse, 169-171
per- and epicutaneous sensitization,

167-169
other animal models, 176

Antibiotics:
antibiotic/steroid combinations for

control of S. aureus, 409-412
macrolide, 203

Antidepressant drugs, 529, 531
Antigen-presenting cells (APC), 12-13,

221-222,267-283
background, 267
future perspectives, 278-279
high-affinity receptor for IgE on skin

dendritic cells, 273-277
identification of APC in atopic derma

titis skin, 268-273
inflammatory dendritic epidermal

cells, 271-272
Langerhans cells, 268-271
other antigen-presenting cells,

271-272
IgE-binding structures on APC in

atopic dermatitis, 273
skin APC as therapeutic targets in

atopic dermatitis, 278
Antigens, CD 14 antigen, 92
Antihistamines, 467, 589-593

first-generation antihistamines, 590
second- and third-generation antihista

mines, 590-592
in treatment of pediatric atopic derma

titis, 483
Anti-infective therapy, 464-467

for control of S. aureus, 412
Anti-inflammatory effects of PDE inhibi

tors, 492-493
effects of PDE 4 inhibitors in phases

of atopic dermatitis, 494-496
acute phase, 494

Age, prevalence of atopic dermatitis
and, 24-25, 29-30

Alkylamines, 590
Allergen avoidance diets, 389
Allergen-elimination diets, immunologi-

cal changes associated with,
389-390

Allergens, 220
aeroallergens, 195,357-374,455
diagnosis of allergens in atopic ec-

zema, 438-439
food allergens, 165, 195
fungal allergens, 419-426
inhalant allergens, 364-366

results of patch tests with, 360
Allergen specificity of T cells in atopic

dermatitis, 249-251
Allergic skin inflammation, mechanisms

of, 145-162
chemokine network in the skin, 150-151
effector mechanisms in atopic derma

titis, 152-155
dysregulated apoptosis as a key

pathogenetic factor, 152-155
role of lL-5 and lL-13, 152

skin-selective T-cell homing in atopic
dermatitis, 149-150

T-cell activation in atopic dermatitis,
145-149

cytokine profile of, 148
mechanisms of CD4+ and CD8+

in, 145-157
role of IgE-facilitated antigen pre

sentation, 148-149
role of superantigens, 147

Allokinesis, 199
Alprazolam, 530
Analytical single, family, and group ther

apy, 51
Animal dander, 365
Animal models, 163-182

advantages of, 166
the dog as experimental model for

type I hypersensitivity and
atopic dermatitis, 173-176

genetics of, 97-100
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[Anti-inflammatory effects]
chronic phase, 495
superantigens and bacterial infec

tion, 495-496
Antimicrobial soap, 454
Antipruritic therapies, 467

specific and nonspecific, 200-204
Anxiety, 47-48
Anxiolytic drugs, 528-529, 530
Ascomycin, molecular structure of, 542
Astemizole, 590
Asthma, pathogenic models in atopic

dermatitis and, 13
Atmokinesis, 199
Atopic skin diathesis, features of, 6
Atopic xerosis, 421-422
Atopy:

concept of, 1-3
genes and loci of, 90-97

chromosome 1, 90
chromosome 2, 91
chromosome 3, 91
chromosome 4,91
chromosome 5 (interleukin cluster),

91-92
chromosome 6, 93
chromosome 7, 93
chromosome 8, 93
chromosome 9, 94
chromosome 11, 94
chromosome 12, 94-95
chromosome 13, 95
chromosome 14, 95-96
chromosome 16, 96
chromosome 17 (RANTES), 96-97
chromosome 19, 97
chromosome 21, 97

pathway, 87-90
Atupy palch tesl (APT), 437-451

classical tests of IgE-mediated sensiti
zation and, 443-444

clinical relevance and allergen speci
ficity of, 444-445

IgE and Langerhans cells in atopic ec
zema and, 445-446

matelials and methods for, 439-441, 442

619

[Atopy patch test (APT)]
patients with higher reactivity to,

442-443
problems of diagnosis of allergies in

atopic eczema, 438-439
role in diagnosis of atopic eczema pa

tients, 446-447
Atypical antipsychotic drugs, 529-534
Australia, financial impact of atopic der

matitis in, 78
Autoantigens, T-cell responses to, 251-

252
Autonomic nerves in the skin, 184
Azathioprine, 568, 602, 603
Azelastine, 590

Barrier function in atopic dermatitis,
127-129

barrier repair strategies, 133-134
relationship of epidermal barrier dys

function to pathogenesis of,
134-137

Barrier homeostasis, signals of, 126
127

Baseline abnormalities in atopic derma-
titis, 217-225

antigen-presenting cells, 221-222
barrier function, 217-219
basophi lsi mast cells, 225
cell-mediated immunopathogenesis,

220
eosinophils, 224-225
IgE, 223-224
karatinocytes, 224
lymphocytes, 222-223
triggering factors, 219-220

Basophils, 12, 187, 192,225
mast cells and, 285-326
in natural and induceU eczema, 360

363
Behavioral therapy, 49-50

therapeutic interventions, 50
Biofeedback, 50
Biphasic features of atopic dermatitis,

225-226
Body image, self-esteem and, 520

MARCEL DEKKER, INC.~
270 Madison Avenue. New York. New York 10016 IU?



620

Bronchial asthma, 1, 14
Buspirone, 530

Candida albicans antigen, skin reactiv-
ity to, 426-429

Carcinogenicity, 601
Cathepsin G, 30 I
Cationic granule proteins, contained in

eosinophiIs, 327-328
CD 14 antigen, 92
CD4+ T-cell, mechanisms of activation

of, 145-147
CD8+ T-cell, mechanisms of activation

of, 145-147
Cell-mediated immunopathogenesis, 220
Cellular aspects, 217-230

baseline abnormalities, 217-225
antigen-presenting cells, 221-222
barrier function, 217-219
basophilslmast cells, 225
cell-mediated immunopathogenesis,

220
eosinophils, 224-225
IgE, 223-224
karatinocytes, 224
lymphocytes, 222-223
triggering factors, 219-220

biphasic features of atopic dermatitis,
225-226

Cephalosporins, 410
Cetirizine, 590, 592
Chemokines, 303

network in the skin, 150-151
Chemotaxin receptor blockers, 345
Childhood:

atopic dermatitis as disease of, 24
25, 29-30

clinical efficacy and safety of topical
macrolide iJlununomodulator~ iII

pimecrolimus cream, 556-557
tacrolimus ointment, 553-556

food hypersensitivity and atopic der
matitis in, 379-394

clinical study, 379-383
diagnosis and management, 386

390

Index

[Ch.ildhood)
laboratory investigations, 383

386
natural history, 390-391
preventive measures, 391-393

impact of atopic dermatitis on family
and society, 71-75

impact of atopic dermatitis on quality
of life in, 68-71

See also Pediatric atopic dermatitis,
special aspects of; Risk factors

Children's Dermatology Quality of Life
Index (CDQLI), 68, 69, 527

Chinese herbal therapy, 567-587
double-blind clinical trials, 571-574
fundamental concept of Chinese medi

cine, 568-570
herbs used in, 570
immunological studies in possible

mechanism of action, 580-583
long-term studies, 574-575
other clinical studies, 575-576
pharmacology, 576-578
principles of, 568-571
side effects of, 578-580

Chlorpheniramine, 590
Chronic atopic dermatitis:

moderate atopic dermatitis, photo(che
mo)therapy for, 503, 511-513

narrow-band UYB phototherapy,
511-512

UYA/UYB phototherapy, 51l
possible anti-inflammation effects of

POI inhibitors in, 495
Chronic eczematous skin lesions, cyto-

kine pattern in, 244
Chronic microbial colonization, 165
Chronic skin inflammation, 164
Chronic vesicular haml amI food ec-

zema, photo(chemo)therapy for,
512-513

cream-PUYA photo(chemo)therapy,
512-513

partial body UY A-I phototherapy,
513

Chymase, 300-301
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Definition of atopic dermatitis, 3-6,
22-23

need for clearcut and consensual
uefiniliun, 609-610

Degranulation of eosinophils in atopic
dermatitis, 336-340

Dendritic cells (DC), 267, 268, 273, 567
Depression, 47-48
Dermal dendritic cells, 268, 273
Dermatitis Family Impact Question-

naire,72

Cyclic nucleotide phosphodiesterases
(PDE), 491-499

anti-inflammatory effects of PDE in
hibitors, 492-493

PDE inhibitors in atopic dermatitis
treatment, 493

possible anti-inflammatory effects of
PDE 4 inhibitors in phases of
atopic dermatitis, 494-496

acute phase, 494
chronic phase, 495
superantigens and bacterial infec

tion, 495-496
Cyclosporin (cyclosporine), 202, 311,

568, 595-602
dosing and treatment regimens, 598-

599
mode of action, 596
patient selection, 596-598
response to treatment and evaluation

of efficacy, 599-600
safety monitoring, 599
side effects, 600-601

Cytokines, 187,191-193,303,502
cytokine expression and eosinophils

in atopic dermatitis, 333-334
cytokine pattern in acute versus

chronic eczematous skin lesions,
244

proinflammatory, 233-235
T-cell cytokines in atopic dermatitis,

242-243
Thl and Th2 cytokines in lesional

skin, 243-244

Classification of atopic diseases, 14-15
Clemastine, 590
Climate conditions, 165
Clinical features of atopic dermatitis, 3

6, 329-333
epidemiology and, 8-10

Clinical manifestations of pnnitus, 197
199

Cockroach allergen, 366
Conventional topical treatment, 453

477
antihistamines and antipruritics,

467
anti-infective therapy, 464-467
corticosteroids, 458-463
hydration, 455-456
identification and elimination of ex

acerbating factors, 453455
allergens, 455
irritants, 453-454

moisturizers and occlusives, 456
458

other topics therapies, 468-470
herbal products and dietary supple

ments, 469-470
topical immunomodulators, 468

469
tar preparations, 463-464
topical type 4 phosphodiesterase inhib

itors, 468
wet wraps, 464

Corticosteroids, 310, 410-412, 458-463
topical preparations of, 460
in treatment of pediatric atopic derma

titis, 481-483
Cream-PUVA photo(chemo)therapy, for

chronic vesicular hand and foot
eczema, 512-513

Cwmulyn, 470
Cutaneous hyperreactivity, 164
Cutaneous lymphocyte antigen (CLA),

226
skin-infiltrating T lymphocytes and

CLA molecule, 246-247
Cyclic adenosine monophosphate

(cAMP) system, 44
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Dermatology Quality of Life Index
(DQLI), 69, 70, 527

Development of atopic dermatitis, 367
368

Diagnosis of allergens in atopic eczema,
438~39

Diagnosis of atopic dermatitis:
guidelines for, 4
Lillehammer criteria for,S

Diet for pediatric atopic dennatitis,
484-486

Dietary supplements, 469-470
Dinitrochlorobenzene (DNCB), 203

204
Diphenhydramine antihistamine, 533
Dizygous (DZ) twins, genetic influ

ences on atopic dermatitis for,
83-84

Doctor-patient relationship, in the psy
chological treatment of atopic
dermatitis. 527-528

Dog as experimental model for type I
hypersensitivity and atopic der
matitis, 173-176

Dove® soap, 454
Doxepin, 531, 533
Drugs. See names and types of drugs
Dust mites, 364-365

evidence of causal relationship be
tween atopic dermatitis and dust
mite allergy, 369-370

specific IgE antibodies to, 358.
359

Dysregulated apoptosis, 152-155

Early developmental factors in atopic
dermatitis, 521

Eastern Germany, risk factors of child
huml atupic Jt:rTllatilis Jut: tu t:ll
vironmental pollution in, 117
119

Eczema Associations for Science and
Education, 453

Education of the family in handling of
pediatric atopic dermatitis, 479
480

Index

Effector mechanisms in atopic derma
titis, 152-155

dysregul ated apoptos is as a key patho
genetic factor, 152-155

role of IL-5 and IL-13, )52
Eggs, hypersensitivity rates to, in chil

dren with atopic dermatitis,
383-386

Eicosanoids, 187
Eicosapentaenoic acid (EPA), 203
Emollients in treatment of pediatric

atopic dermatitis, 483
Emotional development, normal, 5 I 9-

521
Endogenous trigger factors. 195
Endorphins. 523
Environmental pollutants, risk factors of

childhood atopic dermatitis due
to, 117-119

Eosinophils. 12, 164, 176. 192, 224
225, 327-355

clinical and histological features of
atopic dermatitis, 329-333

cytokine expression and eosinophils
in atopic dermatitis, 333-
334

degranulation in atopic dermatitis,
336-340

fate of. 340-341
IgE-mediated late phase reactions and

atopic dermatitis, 341-344
infiltration in atopic dermatitis skin,

334-336
in natural and induced eczema, 360

363
philogistic properties of, 337-339
therapeutic potentials, 344-345

Eotaxin, 151,335
EUlaxin rt:ct:ptur bluckt:rs, 345
Epidemiology, 21-42

basic principles of, 21 -22
disease severity, 27-29
future research agenda, 37
of intrinsic atopic dermatitis, 8-10
morbidity, 29
natural history, 35-36

MARCEL DEKKER. INC.
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[Epidemiology]
occurrence of, 31-33

international variation, 31-32
migrant studies, 33
regional variation, 32-33

prevalence and incidence, 22-26
defining atopic dermatitis, 22-23
measuring disease frequency, 23-26

primary, secondary, and tertiary pre
vention, 36-37

time trends, 33-34
long-term trends, 34
seasonal trends, 33-34

who gets it, 29-31
age, 29-30
ethnicity, 30
sex, 30
socioeconomic status, 30-31

worldwide prevalence, 26-27, 28
Epidermal barrier, 123-143

barrier functions in atopic dermatitis,
127-129

barrier repair strategies, 133- 134
epidermal lipids, 129-132
essential fatty acid metabolism in

atopic eczema, 132-133
relationship of epidermal barrier dys

function to pathogenesis of
atopic dermatitis, 134-137

Epidermal lipids, 129-132
Essential fatty acid-deficient (EFAD) diet,

atopic eczema due to, 132-133
Ethanolamines, 590
Ethnicity, prevalence of atopic derma

titis and, 30
Ethylene diamines, 590
European Academy of Allergy and Clini

cal Immunology (EAACI), 610
European Task Force un Atupic Deona

titis, 375
Exogenous irritants, 195, 196
Extrinsic atopic dermatitis:

T-Iymphocyte characteristics in, 255-257
type of, 7
See also Intrinsic versus extrinsic

atopic dermatitis

623

Extracorporeal photo(chemo)therapy for
acute, severe atopic dermatitis,
509-511

Fatty acid metabolism in atopic eczema,
132-133

Family:
analytical and psychodynamic

oriented therapy for, 51
education of family in handling ot pe

diatric atopic dermatitis, 479
480

family situation of neurodermatitis pa
tients, 51-53

impact of atopic dermatitis on, 71 - 75
risk factor for childhood atopic derma

titis and family size, 114-1 16
Fc£RI:

activation of APC via, 275
expression on APC of, 274
mediated activation of, 304-305
molecular structure on APC of, 273-

274
role on APC of, 275-277

Fexofenadine, 590
Financial impact of atopic dermatitis,

75-78
in Australia, 78
in the United Kingdom, 77-78
in the United States, 76-77

Fingertip unit (FTU) for applying topi
cal corticosteroids, 462

Finland, regional variation in atopic der
matitis prevalence in, 32

First-degree relatives, genetic influences
on atopic dermatitis to, 82-83

First-generation antihistamines, 590
Flare and wheal skin reactions, 1
F1uuxeline, 531
Flurazepam, 533
Foods, 375-400

evidence for IgE-mediated cutaneous
response in atopic dermatitis,
377-378

food hypersensitivity and atopic der
matitis, 379-394
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[Genetics]
chromosome 3, 91
chromosome 4, 91
chromosome 5 (interieukin cluster),

91-92
chromosome 6, 93
chromosome 7, 93
chromosome 8, 93
chromosome 9, 94
chromosome 11, 94
chromosome 12, 94-95
chromosome 13, 95
chromosome 14,95-96
chromosome 16, 96
chromosome 17 (RANTES), 96-97
chromosome 19, 97
chromosome 21, 97

epidemiology of, 610-611
evidence for genetic influence on

atopic dermatitis, 82-84
increased risk for first-degree rela

tives, 82-83
twin studies, 83-84

gene profiling as basis for future ther
apeutic strategy, 613

genetic basis of IgE levels and aller
gic diseases, 363-364

genetic studies, 84-87
association analysis, 85-86
candidate genes vs. whole genome

scan, 84
linkage analysis, 84-85
recommendations, 86-87
specifying model or model-free

analysis, 85
transmission disequilibrium, 86

genetics of animal models, 97-100
inbred mouse strains, 97-99
transgenic mice, 99-100

summary of the atopy pathway, 87-90
Germany, regional variation in atopic

dermatitis prevalence in, 32
Glucocorticosteroids, 592-595

mode of action, 592-594
side effects, 595
use in atopic dermatitis, 594

[Foods]
clinical and laboratory investiga

tions in adults, 393-394
clinical studies in children, 379

383
diagnosis and management in chil

dren, 386-390
laboratory investigations in chil

dren, 383-386
natural history of hypersensitivity

in children with atopic derma
titis, 390-391

prevention of atopic dermatitis in
children, 391-393

Food allergens, 165, 195
Fucidin, 410
Fungal allergens, 419-426

atopic xerosis, 421-422
cutaneous immune reactivity induced

by artificial exposure to, 422-426
mold hypersensitivity, 430-431
skin reactivity to C. albican antigen,

426-428
skin reactivity to Malassezia, 428-430
skin tests with fungal antigens, 422-423
stratum corneum as a physicochemi-

cal barrier, 419-420
treatment of atopic dermatitis patients

with fungal allergy, 431-432
Future perspecti ves, 609-615

gene profiling and pharmacogenetics,
613

genetic epidemiology, 610-611
immunoallergology of atopic derma

titis, 611-612
need for clearcut and consensual

definition of atopic dermatitis,
609-610

neuruirllInunology of atopic uenna
titis,612-613

research agenda, 37

Genetics, 81-1 10
atopy genes and loci, 90-97

chromosome I, 90
chromosome 2, 91
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[IgEl
relationship between atopic dermatitis

and levels of, 358-360
role in T-cell activation of IgE-facili

tated antigen presentation, 148
149

Immune effector mechanisms in atopic
dermatitis, 155, 156

Immune mechanisms of staphylococcal
superantigen action, 404, 405

Immune responses to fungal allergens,
429, 430

Immunoallergology, as basis of future
therapeutic strategy, 611-612

Immunohistochemistry of mast cells and
basophils, 307-308

Immunohistology of atopic dermatitis,
242

Immunological effector roles of mast
cells and basophils, 285, 286

Immunomodulators, 468-469
Immunosuppressive treatments for pedi

atric atopic dermatitis patients,
487

Inbred mouse strains, genetic of, 97-99
Indoor heating, risk factors of childhood

atopic dermatitis due to, 117
118

Infant feeding, risk factors of childhood
atopic dermatitis due to, 116
117

Infections in pediatric atopic dermatitis
patients, 482-483

Inflammatory dendritic epidermal cells
(IDEC), 268, 269, 271-272

Inhalant allergens, 364-366
dust mites, 364-365
other inhalants, 365-366
resulLs uf patch tests with, 360

Intercellular adhesion molecule
(ICAM)-I, 232, 233

Interferon gamma (IFN-y), 187, 192,
202, 232-233, 243-244, 344
345, 502, 507-508, 567, 568

Interleukin cluster (chromosome 5), 91
92

Hay fever, I
Heliotherapy, 501
Heparin, 345
Hepatitis (possible side effect of Chi

nese herbal therapy), 579
Herbal therapy, 469-470

See also Chinese herbal therapy
Herpes simplex infections, 165,482
Heterogeneity of mast cells, 291-292
Histamine, 186-189,294-295

mean plasma histamine levels in
atopic dermatitis patients, 384

Histology, 242, 329-333
immunohistology of atopic dermatitis,

242
History, 43
Hospitalization of pediatric atopic der

matitis patients, 484
Hostility, 47-48
Human mast cell development, 289

290
growth factors affecting, 290-291
See also Mast cells, basophils and

Hydration, 455-456
Hypnotic drugs, 533, 534

IgE,223-224
APT and classical tests of IgE-medi

ated sensitization, 443-444
atopic dermatitis and hyper IgE syn

drome associated with increased
serum IgE anti-S aureus toxin,
406,407

-binding structures on APC in atopic
dermatitis, 273

discovery of, 1-3
genetic basis of IgE levels and aller

gic diseases, 363-364
-regulated late phase reactions, 341

344

GM-CSF, 233-235, 334
Group therapy, analytical and psychody

namic-oriented, 51
Guidelines for diagnosis of atopic der

matitis, 4
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[Keratinocytes]
dysregulated activation of AP-I tran

scription factors in atopic derma
titis keratinocytes, 236-237

in amplification of skin inflammatory
responses, 231-233

Key features of atopic dermatitis, 164
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Langerhans cells (LC), 267, 268-271,
542, 543

in atopic eczema and APT, 445-446
Lesional skin, Thl and Th2 cytokines

in, 243-244
Lidocaine, nebulized, 344
Lillehamamer criteria for diagnosis of

atopic dermatitis, 5
Lipids, 302-303

epidermal, 129-132
Long-term trends in development of

atopic dermatitis, 34
Loratadi ne, 590, 591-592
Lymphocytes, 222-223

See also T lymphocytes

Macrolide antibiotics, 203
Macrolide immunosuppressants, 311

See also Topical macrolide immuno-
suppressants

Macrophages, 272-273, 567
Major basic protein (MBP), 377
Malassezia, skin reactivity to, 428-430
Marketing approvals for tacrolimus and

pimecrolimus, 559
Massage therapy, 470
Mast cell carboxypeptidase, 301
Mast cell chymas (MCC), 95-96
Mast cells, 12, 190-191, 225

basophils and, 285-326
activatiun anu regulateu secretiun,

304-307
clinical markers of, 307- 310
differentiation of basophils and

mast cells, 238-294
immunological effector roles of,

285, 286
mediators, 294-303

Keratinocyte apoptosis in atopic derma
litis, uysregulatetl, 154-155

Keratinocytes, 224, 231-240, 268
augmented amounts ot GH-CSF and

other proinflammatory cytokines
produced from, 233-235

contribution to the recruitment of in
flammatory cells in atopic derma
titis, 235-236

Interleukin 2 (IL-2), 187, 191
Interleukin 3 (IL-3), 334
Interleukin 4 (IL-4), 91-92, 244, 245,

345, 502
Interleukin 5 (IL-5), 152,244, 334, 345,

567
Interleukin 6 (IL-6), 187, 191
Interleukin 8 (IL-8), 187, 192
Interleukin 12 (IL-12), 226, 244
Interleukin 12B (lL-12B), 93
Interleukin 13 (IL-13), 92, 152, 244
InterJeukin 16 (IL-16), 151
InterJeukin 18, (IL-18), 245
International Study of Asthma and Aller

gies in Childhood (ISAAC), 26
27,28, 37, III

International variation in atopic derma
titis prevalence, 31-32

Intrinsic atopic dermatitis, 7
extrinsic atopic dermatitis versus, 1

20
definition and clinical features of

atopic dermatitis, 3-6
epidemiology and clinical features of

intrinsic atopic dermatitis, 8-10
historical aspects, 1-3
immunological similarities and dif

ferences between extrinsic and in
trinsic atopic dermatitis, 10-13

subtypes of atopic dermatitis, 6-8
T-Iymphocyte characteristics in, 255-

257
Irritants, 453-454
Itch, nocturnal, 199
Itch-scratch cycle, 199-200

measures to influence, 56-58



Index

Matrix metalloproteinase-9 (MMP-9),
301-302

Measuring frequency of atopic derma
titis, 23-26

Mechanism of action of Chinese herbal
therapy, 580-583

Mechanisms for enhanced S. aureus col
onization in atopic dermatitis,
402-404

Mechanisms of allergic skin inAamma
tion, 145-162

chemokine network in the skin, 150
151

effector mechanisms in atopic derma
titis, 152-155

dysregulated apoptosis as a key
pathogenetic factor, 152-155

role of IL-5 and IL-13, 152
skin-selective T-cell homing in atopic

dermatitis, 149-1 SO
T-cell activation in atopic dermatitis,

145-149
cytokine profile of, 148
mechanisms of CD4+ and CD8+

in, 145-157
role of IgE-facilitated antigen pre

sentation,148-149
role of superantigens, 147

Meclizine, 590
Mediators for mast cells and basophils,

294-303
cytokines and chemokines, 303
histamines, 294-295
lipids, 302-303
proteases, 297-302
proteoglycans, 295-296

Melatonin, 523
Metabolism, essential fatty acid, in

atupic eczema, 132-133
Methotrexate, 602
8-Methoxypsoralen, 509
Microbial agents, 195, 220

superinfection due to, 165
Microcircu lation, 196
Microenvironment inAuences on mast

cell phenotype, 292-294

627

Migrant groups, prevalence of atopic
dermatitis among, 33

risk factors for, 112-113
Milk, hypersensitivity rates to, in chil

dren with atopic dermatitis,
383-386

Mixed types of atopic dermatitis, 7
Moisturizers, 456-458
Molds, 365

hypersensitivity to, 430-431
Monocytes, 267
Monozygous (MZ) twins, genetic inAu

ences on atopic dermatitis for,
83-54

Morbidity, 29
Murine mast cell development, 288-289
Mycophenolate mofetil (MMF), 202, 603

Narrow-band UVB phototherapy, for
chronic, moderate atopic derma
titis, 511-512

Nasal glucocorticosteroids, 310-311
Natural history, 35-36
Nebulized lidocaine, 344
Nephrotoxicity, 600-601
Nerve growth factor (NGF), 44
Nervous system in atopic dermatitis,

184-185
Neuroanatomy, 44
Neuroimmunology as basis of future

therapeutic strategy, 612-613
Neuropeptides, 187, 189
Neurotic symptoms, affective area and,

52-53
Neurotrophin, 187, 192
Nociception in atopic skin, 186-191
Nocturnal itch, 199
Nonantibiotic approaches for control of

S. aureus, 412-414
Nonsuperantigenic toxins, S. aureus se

cretion of, 409
Normal emotional development,S 19

521
body image and self-esteem, 520
capacity to modulate esteem, 520

521
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[Pathophysiology1
nervous system in atopic derma

titis, 184-185
sensory nerves, 183-184

therapeutic considerations, 200-204
nonspecific antipruritic modalities,

200-201
specific antipruritic therapies, 201

204
triggering factors modulating pruritus

perception, 194-197
epidermal barrier, 194-195
exogenous factors, 196
microcirculation, 195
stress and psychiatric consider

ations, 196-197
sweating, 195

Patient selection for CsA treatment,
596-598

Peanut, hypersensitivity rates to, in chil
dren with atopic dermatitis,
383-386

Pediatric atopic dermatitis, special as-
pects of, 479-490

education of the family, 479-480
general advice, 480
particularities of conventional treat

ment of pediatric atopic derma
titis, 480-484

emollients, 483
hospitalization, 484
infection, 482-483
psychological management, 483

484
topical corticosteroids, 481-482

second-line therapies, 484-487
diet, 484-486
immunosuppressi ve treatments,

487
phototherapy, 486

Peripheral blood, T lymphocytes in,
241-242

Pharmacogenetics as basis for future
therapeutic strategy, 613

Pharmacokinetics of topical macrolide
immunomodulators, 547-549

Nursing, risk factors of childhood atopic
dermatitis due to, 116-117

Paroxetine, 531
Partial body UVA-I phototherapy for

chronic vesicular hand and foot
eczema, 513

Patch tests. See Atopy patch test (APT)
Pathogenesis, 502

relationship of epidermal barrier dys
function to pathogenesis of
atopic dermatitis, 134-137

Pathophysiology of pruritus, 183-216
clinical aspects, 197-200

allokinesis, atmokinesis, 199
clinical manifestation of pruritus,

197-199
itch-scratch cycle, 199-200
nocturnal itch, 199

cytokines and inflammatory cells in-
volved in, 191-193

basophils, 193
eosinophils, 192
lL-2,191
IL-6,191
lL-8, 192
IFN-y, 192
neurotrophin, 192

experimental induced pruritus in
atopic dermatitis, 193-194

nociception in atopic skin, 186-191
acetylcholine, 189-190
histamine, 186-189
mast cells, proteinases, amJ pro

teinase-activated receptors, 190
191

neuropeptides, 189
sensory cutaneous nerves, 183-186

autonomic nerves in the skin, 184
central transmission of pruritus,

185-186

Occlusives, 456-458
Oil of Olay®, 454
Olanzepine, 532
Opioid peptides, 187
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Pharmacology of Chinese herbal ther
apy, 576-578

Philogistic properties of eosinophils,
327-329

Phosphodiesterases (PDE),
PDE enzyme activity, 468
See also Cyclic nucleotide phosphodi

esterases
Phototherapy, 501-518

concept linked phototherapy for
atopic dermatitis, 502-513

photo(chemo)therapy for acute, se
vere atopic dermatitis, 503-511

photo(chemo)therapy for chronic,
moderate atopic dermatitis, 511
512

photo(chemo)therapy for chronic
vesicular hand and foot eczema,
512-513

for control of S. aureus, 412
from heliotherapy to modern photo-

therapy for atopic dermatitis, 501
pathogenesis of atopic dermatitis, 502
in pediatric atopic dermatitis, 486
perspectives, 513-514

Pimecrolimus (SDZ ASM 981), 487,
541,603-604

clinical efficacy and safety in adults,
552-553

clinical efficacy and safety in chil
dren, 556-557

immune modulation or immune sup-
pression?, 557-559

mechanism of action, 542-547
molecular structure of, 542
origins, 541-542
pharmacokinetics, 547-549
status of marketing approach, 559

PiIIluziue, 532
Pityrosporum ovale, T-cell responses to,

254-255
Pollens, 365
Polyglutamic acid, 345
Prevalence of atopic dermatitis:

studies measuring (1990s), 22-26
worldwide, 26-27, 28

629

Prevention programs for atopic eczema,
56

empirical research status with, 59-60
method to reduce negative effects on

social relationships, 58-59
Primary prevention, 36
Proinflammatory cytokines, 233-235
Promethazine, 530
Proteases, 187, 297-303

cathepsin G, 301
chymase, 300-301
mast cell carboxypeptidase, 301
other proteases and enzymes, 301-

302
tryptase,297-300

Proteinases, 190-191
proteinase-activated receptors, 190

191
Proteoglycans, 295-296
Pruritus, 164

See also Pathophysiology of pruritus
Psoralen plus UVA radiation (PUVA

therapy), 503, 568
for acute, severe atopic dermatitis,

508-509
photo(chemo)therapy for chronic ve

sicular hand and foot eczema,
512-513

Psychiatric conditions, 196-197
Psychiatric referral for atopic dermatitis

patients, 534
Psychodynamic-oriented single, family,

and group therapy, 51
Psychoimmunology and evaluation of

therapeutic approaches, 43-65
affective areas and neurotic symp

toms, 52-53
analytical and psychodynamic ori

enteu therapy, 51
behavioral therapy, 49-50
experiences with atopic eczema pre-

vention programs, 56
family aspects, 51-52
history, 43
measures to influence itching

scratching cycle, 56-58
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Quality of life (QOL), 68-71
impact of severe atopic dermatitis on,

525-527

Psychotropic drugs, 528-534
antidepressants, 529, 531
anxiolytic drugs, 528-529, 530
atypical antipsychotics, 529-534
hypnotics, 533, 534
psychiatric referral, 534

Pure types of atopic dermatitis, 7
PUVA therapy. See Psoralen plus UVA

radiation (PUVA therapy)
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Radioallergosorbent test (RAST), 358
RANTES (chromosome 17), 96-97, 335
Regional variation in atopic dermatitis

prevalence, 32-33
Renal fibrosis (possible side effect of

Chinese herbal therapy), 579
Research into effectiveness of psycho

therapy in skin diseases, 54-56
Rhinitis, 114
Risk factors, 111-122

environmental pollutants, 117-119
family size, 114-116
migrant studies, 112-113
nursing and infant feeding, 116-117
socioeconomic status, 113-114

Role-playing models, learning, 50

Safety monitoring of CsA, 599
SC lipids, 129-132
Scratching, strategies for avoidance of,

57-58
Seasonality of established atopic derma-

titis, 33-34
Secondary prevention, 36
Secunu-generatiun antihislamines, 590-593
Self-confidence training, 49-50
Self-esteem, body image and, 520
Sensory cutaneous nerves, 183-186

autonomic nerves in the skin, 184
central transmission of pnuitus, 185-186
nervous system in atopic dermatitis,

184-185

[Psychoimmunology]
neuroanatomy, 44
psychoneuroendocrinology, 45-47
psychotherapy in atopic dermatitis,

48-49
reducing negative effects on social re

lationships by prevention pro
grams, 58-59

status of empirical research with
atopic eczema prevention pro
grams, 59-60

status of research into therapeutic ef
fectiveness, 54-56

stress and atopic dermatitis, 44
stress in connection with life events,

53-54
studies of anxiety, hostility, and de

pression, 47-48
Psychological aspects, 519-539

impact of severe atopic dermatitis on
the quality of life, 525-527

impmtance of empathic tactile experi
ence on healthy development,
519-521

body image and self-esteem, 520
capacity to modulate emotion,

520-521
management of pediatric atopic der

matitis patients, 483-484
process of somatization, 522-523
psychological treatment of patients

with atopic dermatitis, 527-534
the psychotherapies, 527-528
use of psychotropic drugs, 528-534

psychosomatic findings in atopic indi
viduals, 523-525

significance of early developmental
factors in atopic dermatitis, 521

Psychuneuruemlucrinulugy, 45-47
Psychosocial impact of atopic derma

titis, 68-75
impact on family and society, 71-75
impact on quality of life, 68-71

Psychosomatic findings in atopic derma
titis, 523-525

Psychotherapy, 48-49
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Staphylococcus aureus, 401-418
mechanisms for enhanced S. aureus

colonization in atopic dermatitis,
402-404

prevalence in atopic dermatitis of,
402

staphylococcal virulence factors,
404-409

nonsuperantigen factors, 409
superantigens, 404-409

therapeutic implications, 409-414
antibiotic/steroid combinations,

409-412
nonantibiotic approaches for con

trol of S. aureus, 412-414
Staphylococcal superantigen action,

immune mechanisms of, 404,
405

Staphylogenic proteins, T-cell responses
to, 252-254

Steroid/antibiotic combinations for con
trol of S. aureus, 409-412

Sterol regulatory element binding pro
teins (SREBPs), 125

Stratum corneum (SC):
epidermal permeability barrier due to

atopic dermatitis, 123-126
as a physicochemical barrier, 419

420
Stress, 44, 165, 196-197

in connection with life events, 53-5
Substance P, 44
Subtypes of atopic dermatitis, 6-8
Superantigens:

role in T-cell activation of, 147
S. aureus secretion of, 404-409

Sweating, 195
Sweden, regional variation in atopic der

matitis prevalence in, 32
Swiss Study on Childhood Allergy and

Respiratory Symptoms with Re
spect to Air Pollution, Climate
and Pollen (SCARPOL), 113

Switzerland, risk factors for atopic
dermatitis in children born in,
113

Sertraline, 531
Serum tryptase levels, 309-310
Severity of the disease, 27-29
Sex, prevalence of atopic dermatitis

and, 30
Side effects:

of Chinese herbal therapy, 578-580
of cyclosporin A, 600-601
of glucocorticosteroids, 595

Signals of barrier homeostasis 126-127
Skin immune system (SIS), 272
Skin-infiltrating T cells, 242
Skin reactions:

to C. albicans antigen, 426-428
flare and wheal, I
to Malassezia, 428-430

Skin-selective T-cell homing in atopic
dermatitis, 149-150

Skin tests with fungal allergens, 421
422

Social relationships, prevention pro
grams to reduce negative effects
on, 58-69

Socioeconomic impact, 67-80
financial impact of atopic dermatitis,

75-78
in Australia, 78
in the United Kingdom, 77-78
in the United States, 76-77

prevalence of atopic dermatitis and,
30-31

psychosocial impact, 68-75
impact on family and society, 71

75
impact on quality of life, 68-71

risk factors for atopic dermatitis and,
113-114

Somatization, process of, 522-523
Southeast Asia, regional variation in

atopic dermatitis prevalence in,
32

Soy, hypersensitivity rates to, in chil
dren with atopic dermatitis,
383-386

Specific serotonin reuptake inhibitors
(SSRIs), 529, 531
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[T lymphocytes (T cells)]
role of T-cell-attracting molecules

and their regulation in atopic der
matitis, 247-249

T-cell cytokines in atopic dermatitis,
242-243

T-cell receptor alpha (TCRA), 96
T lymphocytes in peripheral blood,

241-242
Th I and Th2 cytokines in lesional

skin, 243-244
Tacrolimus (FK-506), 311,487,541,568

clinical efficacy and safety in adults,
549-552

clinical efficacy and safety in chil
dren, 553-556

for control of S. aureus, 412-414
immune modulation or immune sup-

pression?, 557-559
mechanism of action, 542-547
molecular structure of, 542
origins, 541-542
pharmacokinetics, 547-549
status of marketing approach, 559

Tar preparations, 463-464
Temperature in the home and work envi-

ronment, 454
Terfenadine, 590
Tertiary prevention, 36-37
T-helper (Th) lymphocytes, 502
Therapeutic considerations for pruritus,

200-204
nonspecific antipruritic modalities,

200-201
specific antipruritic therapies, 201

204
Third-generation antihistamines, 590

593
Thymus amI at:livaliun-regulateu chemu

kine (TARC), 151
Tobacco smoke exposure, risk factors of

childhood atopic dermatitis due
to, 118

Topical corticosteroids in treatment of
pediatlic atopic dermatitis, 481
483

Systemic pharmacotherapy, 589-607
antihistamines, 589-593

first-generation antihistamines,
590

second- and third-generation antihis
tamines, 590-592

cyclosporin, 595-602
dosing and treatment regimens,

598-599
mode of action, 596
patient selection, 596-598
response to treatment and evalua-

tion of efficacy, 599-600
safety monitoring, 599
side effects, 600-60 I

other systemic drugs, 602-604
azathioprine, 603
mycophenolate mofetil, 603
new agemts, 603-604

systemic glucocorticosteroids, 592-
595

mode of action, 592-594
side effects, 595
use in atopic dermatitis, 594

T lymphocytes (T cells), 10-12,241
260, 363, 542, 543, 567

activation in atopic dermatitis, 145
147

allergen specificity of T cells in
atopic dermatitis, 249-251

comparison of T-Iymphocyte charac
teristics in intrinsic vs. extrinsic
atopic dermatitis, 255-257

dysregulated T-cell apoptosis in
atopic dermatitis, 152-154

factors contributing to Thl or Th2 mi
lieu in atopic dermatitis, 244
245

histology and immunohistology of
atopic dermatitis, 242

mechanism of adhesion of T cells in
atopic dermatitis, 245-247

role of autoantigens, staphylogenic
proteins, and Pityrosporum
ovale,251-255
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Topical macrolide immunomodulators,
541-565

clinical efficacy and safety in adults,
549-553

pimecrolimus cream, 552-553
tacrolimus ointment, 549-552

clinical efficacy and safety in chil
dren, 553-556

pimecrolimus cream, 556-557
tacrolimus ointment, 553-556

immune modulation or immune sup-
pression?, 557-558

mechanism of action, 542-547
origins, 541-542
pharmacokinetics, 547-549
status of marketing approach, 558

Topical type 4 phosphodiesterase inhibi
tors, 468

Transepidermal water loss (TEWL),
atopic xerosis and, 421

Transgenic mice, genetics of, 99-100
Trazadone antidepressant, 533
Trigger factors of atopic dermatitis, 165,

219-220
modulating pruritus perception, 194-

197
Trimeprazine, 590
Tryptase,297-300
~-Tryptase, 309-310
Twins, genetic influences on atopic der

matitis for, 83-84

Ultraviolet A (UVA):
UVA/UVB phototherapy for chronic,

moderate atopic dermatitis, 511
UVA-1 phototherapy for acute, se

vere atopic dermatitis, 503-508

633

Ultraviolet B (UVB), 568
UVA/UVB phototherapy for chronic,

moderate atopic dermatitis,
511

United Kingdom:
financial impact of atopic dermatitis

in, 77-78
regional variation in atopic dermatitis

prevalence in, 32
risk factors for atopic dermatitis in

children born in, 113-114
United States:

financial impact of atopic dermatitis
in, 76-77

regional variation in atopic dermatitis
prevalence in, 32

Vascular cell adhesion molecule-I
(VCAM-I),336

Vasoactive peptide, 44
Venlafaxin, 531

Water supplies, risk factors of child
hood atopic dermatitis due to,
118

Wet wraps, 464, 465
Wheat, hypersensitivity rates to, in chil

dren with atopic dermatitis,
383-386

www.eczema-assn.org, 453

Xerosis of the skin, 194-195

Yin and yang philosophy, 568, 569

Zafirlukast, 345
Zolpidem, 533
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