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Atopic Dermatitis -

A Disease Caused by a Barrier Defect?

In this Issue...

Although atopic dermatitis (AD) is a common and often chronic condition, its treatment
remains a frustration to both clinicians and patients alike. Much of our understanding of
the disease has focused on characterization of the inflammation observed within lesions.
From this work, we have recognized the importance of allergen-reactive T-helper cells
that release the cytokines interleukin (IL)-4, and IL-13, or the so-called Th2 cells. These
cytokines are responsible for the eosinophilia and elevated immunoglobulin (Ig)E levels
observed in the circulation and tissues of individuals with AD. Recent studies have begun
to better characterize the cutaneous barrier defects observed in this disease. Several
stratum corneum proteins have been implicated (eg, filaggrin, loricrin, and involucrin), as
well as proteases and antiproteases that may be important in posttranslational

modifications of these proteins.

In this issue, we review the evidence that patients with AD have a barrier defect that is
apparent in both their lesional and nonlesional (ie, clinically normal-appearing) skin;
examine the data suggesting that several of these epidermal proteins are AD candidate
genes; and discuss how this notion of defective skin barrier function might affect the
susceptibility of individuals with AD to allergens, irritants, and pollutants.
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| |LEARNING OBJECTIVES

At the conclusion of this activity, participants should be able to:

Explain how both inherited and acquired defects in filaggrin and other stratum corneum
proteins may impact barrier function in patients with atopic dermatitis (AD)

Describe the clinical observations that support the notion that individuals with AD have
a barrier defect

Identify 3 different genes linked to AD and explain the strength of the association of
each with the disease
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The eMedicalDermatology Review podcast is a clinical
discussion between our December author, Lisa Beck, MD,
Susan Rabizadeh, eMedDerm Program Director and
Robert Busker, eMedicalDermatology Review's Medical
Editor. The topic is Atopic Dermatitis - A Disease Caused

by a Barrier Defect? to listen to our podcasts.
You can listen directly

Participants can now receive 0.5 credits per podcast after from your computer.

completing an online post-test via the links provided on

this page.

To learn more about podcasting and how to access this
exciting new feature of eMedicalDermatology Review,
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Atopic dermatitis (AD) is a chronic pruritic eczematous dermatitis that affects up to 20% of
children in the United States. The majority of persons with AD exhibit hypersensitivity, as

: Ao, . . NEWSLETTER
defined by allergen-specific immunoglobulin (Ig)E to numerous environmental allergens ARCHIVE

that collectively result in elevated total serum IgE levels. This group is also at greatest risk
for developing other atopic diseases and are thought to have the greatest epidermal

barrier defect.’ Much of this barrier function resides within the cells that comprise the LISTEN TO

outer layer of the epidermis, called the stratum corneum (SC). The SC has been likened Lbdoro

to a brick wall, consisting of terminally differentiated keratinocytes or corneocytes (bricks),
which are surrounded by a matrix of specialized lipids (mortar). AD barrier dysfunction was
first suspected as having a genetic basis when genome-wide studies identified linkage to
the epidermal differentiation complex (EDC) on chromosome 121 (ATOD2).2 Ina
landmark paper by Palmer and colleagues published in 2006, two null mutations in an
EDC gene - namely, filaggrin (FLG) - were identified and shown to be strongly linked to
the phenotype of AD and asthma-associated AD, whereas no associations were
observed with psoriasis, another inflammatory skin disease with EDC (1921-PSORS4)

Iinkage.3 As addressed in this newsletter, Sandilands and associates demonstrated the
robustness of these findings by confirming this association in several primarily European
populations.

The articles by Nemoto-Hasebe and coworkers and Jakasa and colleagues, reviewed in
this issue, help to validate the AD barrier defect theory. Kim and associates and
Weidinger et al. highlight the fact that additional epithelial genes may play a role in this
barrier abnormality. Howell and colleagues demonstrate that some of these barrier
proteins are regulated on a genetic as well as on an environmental basis.
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FILAGGRIN MUTATIONS ASSOCIATED WITH ATOPIC

DERMATITIS AND ICHTHYOSIS VULGARIS

Sandilands A, Terron-Kwiatkowski A, Hull PR, et al. Comprehensive analysis of the
gene encoding filaggrin uncovers prevalent and rare mutations in ichthyosis
vulgaris and atopic eczema. Nat Genet. 2007;39: 650-654.
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Filament aggregation protein (filaggrin) is a critical protein thought to play an important
role in the barrier function of the stratum corneum. Two publications in 2006 identified 2
relatively common filaggrin (FLG) null mutations strongly associated with AD or with the
most common genetic ichthyotic disorder, ichthyosis vulgaris (IV), in Northern European

populations. 1.2 Since that time, these results have been replicated in multiple European
AD populations, and different FLG mutations have been found among Asian AD
populations. The goal of Sandilands' 2007 study was to comprehensively evaluate
additional ethnic populations (Dutch, Austrian, and Irish) with IV and/or AD for both known
and unique mutations in FLG. The large, repetitive FLG exon 3 was targeted for
sequencing using a combination of long-range polymerase chain reaction (PCR) and
numerous primer pairs, because of significant base polymorphism in the 10 to 12 full-
tandem FLG repeats located within this exon.

This approach identified 3 novel but rare null mutations, several nonsense or frameshift
mutations, as well as confirmed the 2 originally described null mutations (R501X and
2282del4). Five of these FLG mutations were observed even in a population of Irish
controls (n=736), with a combined minor allele frequency (MAF) of 0.039. The MAF is the
frequency of the less common (eg, FLG null mutations) allele in a polymorphic locus and
can range from 0 to 0.5. In contrast, Irish children with dermatologist-diagnosed moderate
to severe AD had a significant increase in their combined MAF to 0.287. Analysis of the
combined allele frequency between Irish controls and AD cohorts yielded a chi-squared

(X2) test with a P value of 2.12 x10°%1. In general, the more 3' mutations were not a
significant as those observed for the mutations in exon 1 (eg. R501X and 2282del4).

In summary, this study has highlighted the importance of gene sequencing in identifying
both common and rare FLG gene variants, many of which might not have been identified
by single nucleotide polymorphisms. This investigation brings the number of known FLG
mutations associated with AD to 15. An unanswered question is why the frequency of
some of the null mutations is so high, even among control (ie, clinically unaffected)
populations. The authors speculate that these mutations may have developed because
they provide an evolutionary advantage to the host, allowing for a "natural vaccination" to
microbial antigens through a leaky epithelium. It is important to note that little is known
about the role that these FLG mutations play in populations of African descent and in
European Americans. Interestingly, a recent publication reports the complete lack of
association between the 2 most common null mutations (R501X and 2282del4) in an
Italian AD population, providing additional support for the polymorphic nature of this gene

among different racial and ethnic groups.3
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