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Abstract Atopic dermatitis (AD) is a chronic pruritic skin
disease affecting up to 15% of children in industrialized
countries. AD belongs to the group of allergic disorders
that include food allergy, allergic rhinitis, and asthma. A
multifactorial background for AD has been suggested, with
genetic as well as environmental factors influencing dis-
case development. Genome-wide screens for AD have
been completed in four different populations to date. In-
terestingly, the susceptibility regions identified for AD
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show little overlap with asthma susceptibility regions, sug-
gesting that, at least in part, separate genes might be
involved in the pathogenesis of the different atopic dis-
orders. Instead, some of the identified regions overlap with
susceptibility regions for psoriasis, another chronic skin
disease. Thus, genes expressed in the skin might play an
important role in AD pathogenesis, in addition to genes
influencing atopic diatheses. Although no veritable “AD
gene” has been identified by positional cloning to date,
examples from other complex genetic disorders such as
asthma show that this goal is likely to be reached in the
near future. Candidate gene studies, on the other hand,
have identified 19 genes that were shown to be associated
with AD in at least one study. The results of genome-wide
screens as well as candidate gene studies are evaluated
here in detail.
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Abbreviations AD: Atopic dermatitis - CE: Cornified
envelope - EDC: Epidermal differentiation complex -
IgE: Immunoglobulin E - MHC: Major histocompatibility
complex - SNP: Single nucleotide polymorphism -

Th2: T helper lymphocyte type 2

Introduction

Atopic dermatitis (AD), also referred to as atopic eczema,
is a chronic inflammatory disease of the skin that affects up
to 16% of children in some countries [1]. Symptoms in-
clude pruritus and chronic or relapsing eczematous lesions
that are typically localized in the face and at the extensor
sides of the extremities in children and at the flexural sides
in adults [2]. The disease usually presents with acute le-
sions in infancy or early childhood and, for most affected
children, enters spontaneous remission over time. Alter-
natively, symptoms can persist into or even start in adult-
hood only [2]. Chronic AD is characterized by lichenifi-
cation and excoriations.



AD belongs to the group of allergic disorders character-
ized by the development of immunoglobulin E (IgE) anti-
bodies to ubiquitous, nonpathogenic allergens; this group
also includes food allergy, allergic rhinitis, and asthma. A
genetic background for AD as well as the other allergic
disorders has long been proposed because these diseases
tend to cluster in families [3]. AD as the cutaneous man-
ifestation of atopy often represents the beginning of the so-
called atopic “march”, which leads to the development of
asthma and allergic rhinitis in many afflicted patients [4].
However, the underlying inflammation in patients suffering
from AD is not always mediated by IgE antibodies. For
example, skin symptoms without IgE-mediated sensitiza-
tion are common in preschool children, with prevalences as
high as 45-64% [5, 6], and even in adults, prevalences as
high as 40% of those affected have been reported [7].
Although these patients used to be classified as having
“Intrinsic atopic dermatitis” (compared to the extrinsic,
IgE-dominated type) [8], a revised nomenclature for al-
lergic disorders suggests the use of such as terms “atopic
dermatitis” or “atopic eczema” only for patients with IgE-
mediated eczema [9].

Interestingly, children whose parents suffer from AD
have a higher risk of developing AD than children of
parents with asthma or allergic rhinitis, suggesting that
separate or additional genes might influence AD develop-
ment [10]. Twin studies also point to a strong genetic
component for AD: concordance rates for monozygotic
twins have been estimated between 72 and 86%, compared
to 21-23% for dizygotic twins [11, 12]. Still, unraveling
the genetic basis of AD is challenging because—unlike
monogenic disorders which are caused by mutation in a
single gene—AD belongs to the group of complex, mul-
tifactorial diseases believed to arise from a complex in-
teraction of several genetic background and environmental
factors. For AD, it is not yet clear whether a large amount
of the genetic contribution will be explained by variation in
a limited number of genes, as has been postulated recently
[13].

Incomplete concordance for AD among monozygotic
twins (see above) points to elusive nongenetic factors. The
relevance of environmental factors for the pathophysiol-
ogy of allergic diseases is also reflected in the fact that
the prevalence of AD, asthma, and allergic rhinitis has
been rising in industrialized countries for several decades
[14-16]. The main reason(s) for this increase may relate to
our modern environment because the gene pool has not
changed substantially over this relatively short period of
time. It has been postulated in the so-called hygiene hy-
pothesis that the lack of microbial products in our compar-
atively clean microenvironment might result to decreased
stimulations of the immune system in early infancy, giving
way for allergies to arise [17-20]. Yet, although environ-
mental factors clearly play an important role, exploring the
genetic background of AD and the complex interaction
between genes and the environment may offer a better
understanding of the pathophysiology and potentially fa-
cilitate diagnostic and treatment options.
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Current status of the genetic studies
for atopic dermatitis

In order to identify susceptibility genes for AD, two gen-
eral approaches have been used: genome-wide screens
followed by positional cloning on the one hand and
candidate gene association studies on the other. So far, in
genome-wide linkage screens, several hundred markers
spaced evenly throughout the genome have been typed in
families with the disease phenotype. Markers that are lo-
cated close to the disease gene will be coinherited (i.e.,
linked) with the disease. Following genome-wide screens,
positional cloning techniques can be used to identify the
gene influencing disease susceptibility in the linked region.
This approach can theoretically identify all genes that have
a measurable effect on AD susceptibility, without prior
knowledge about the gene function. Yet, for complex traits
such as AD, linkage studies are usually statistically not
very powerful and often produce a variety of modestly
significant linkage peaks across the genome, making the
interpretation of the results difficult.

In candidate gene association studies, on the other hand,
variations in known genes whose biological functions
implicate them in the pathophysiology are compared be-
tween unrelated cases and controls. Significantly higher
frequencies of alleles at candidate loci in cases compared
with controls may indicate a causal relationship between
the marker allele and the disease. In general, association
studies are easier to perform than genome-wide screens
because they do not require the collection of family ma-
terial. Furthermore, they have a greater power to detect
common alleles with modest effect on disease susceptibil-
ity than linkage studies [21]. Yet, candidate gene associ-
ation studies rely on having chosen the right gene(s) based
on biological hypotheses, and there are also various
potential problems associated with this approach, e.g.,
population stratification, false positive results, and the
necessity for correcting for multiple testing (reviewed in
detail in [22]). The results of both types of genetic studies
for AD are discussed below.

As a new approach, genome-wide association studies,
assessing several hundred thousand single nucleotide
polymorphisms (SNPs) over the whole genome for an as-
sociation with common diseases and complex traits, are
already theoretically feasible [23]. This approach could
potentially make use of the advantages of association stud-
ies without the necessity of choosing genes based on
knowledge about their biological function. Yet, there is still
ongoing debate about the number of SNPs that would have
to be typed to provide sufficient coverage of the whole
genome (assessments range between a few hundred thou-
sand and a million SNPs per person), the statistical meth-
ods to analyze the data, and other financial and practical
concerns [23]. So far, no truly genome-wide association
study has been carried out, and the above-mentioned dif-
ficulties will probably prevent their actual execution for
another couple of years [23, 24].
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Results of genome-wide screens for atopic dermatitis

Genome-wide screens for AD have been completed in four
different populations to date (Table 1). Overall, there is no
substantial overlap between the results of these studies,
which could be due to differences in ascertainment schemes,
sample and marker panel sizes or statistical methods. Fur-
thermore, the definition of the phenotype AD varies sub-
stantially between studies, also reflecting the changes in
classification and nomenclature for this disease over the
past few years [9]. Nevertheless, regions on chromosomes
3q, 3p, 17q, and 18q showed suggestive evidence for link-
age in at least two studies, indicating promising candidate
regions for AD (Fig. 1). For example, suggestive evidence
for linkage to AD was found for a region on chromosome
3921 in European families [25], which is in close proximity
to the region linked to the severity score of AD in a genome
screen in Swedish families (3q14) [26]. Furthermore, the
region on chromosome 3p24-22 showing suggestive evi-
dence for linkage in the Swedish screen [26] might corre-
spond to the region linked to the more restricted phenotype
“AD plus specific IgE” in Danish families (3p26-24) [27].
A third region, spanning approximately 20 cM, on chro-
mosome 18q showed evidence for linkage to the same
phenotype “AD plus specific IgE” in both the Swedish
(18g21) and the Danish genome screen (18q11-12) [26,

27]. Finally, a region on chromosome 17q25 that showed
suggestive evidence for linkage to AD in a genome scan in
the British population [28] might correspond to the region
on 1721 linked to the semiquantitative phenotype “se-
verity score of AD” in the Swedish population [26]. Yet,
although these regions between the highest linkage peaks
span only about 20-30 cM, they are still large (~20-30
Mbp, including up to several hundred genes) and need to
be further defined for positional cloning. Some of these
regions might also contain more than one susceptibility
gene.

Figure 1 summarizes the results of the genome-wide
screens for AD in comparison with genome-wide linkage
results for related diseases. Interestingly, out of the four
major regions identified for AD (see above), only two (3p
and 17q) have shown suggestive evidence for linkage to
asthma or related phenotypes in more than one study [29].
Furthermore, the regions most consistently linked to asth-
ma or related phenotypes, including the cytokine cluster
region on chromosome 5q, the major histocompatibility
complex (MHC; in man HLA) region on chromosome 6p
and regions on 13q and 12q [29], did not show substantial
evidence for linkage to AD in the four genome screens,
indicating that separate genes might be important for sus-
ceptibility to AD.

Table 1 Genome-wide screens

Reference Study Sample Phenotypes Regions of
for AD . . .
population highest linkage
Lee et al. European 199 families with >2 AD 321 (p=8.42x10"%)
2000 [25] affected siblings Allergic 321 (p=6.7x10"%
sensitization
Cookson et al. British 148 nuclear families recruited AD 1921 (p=0.0005)
2001 [28] via children with active AD 17925 (p=0.0004)
AD plus asthma 20p (p=0.0005)
> serum IgE 16g-tel (p=0.0007)
5q31 (p=0.004)
Bradley et al. Swedish 109 families (197 affected full-sib AD 3p24-22 (p<0.001)

2002 [26]

Haagerup et al. Danish
2004 [27]

AD Atopic dermatitis, IgE
immunoglobulin E

pairs, 9 affected half-sib pairs)

5p13 (p<0.005)
6q16 (p<0.01)
10p13-12 (p<0.01)
18q21 (p<0.001)
4q24-26 (p<0.005)
6p (p<0.005)

1p32 (p<0.01)

18p (p<0.005)
2121 (p<0.005)
7p14 (p<0.005)
13q14 (p<7.410"%)

AD plus
specific IgE

Extreme AD

Severity score

of AD 15q14-15 (p<7.4x107%)
17g21 (p<7.4x10"%
3ql4 (p<7. 4x107%
23 affected sib-pair families AD plus 3p26-24 (p<0.001)

specific IgE 4p15-14 (p<0.0126)
18q11-12 (p=0.004)

18q11-12 (p<0.004)
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Fig. 1 Results of genome-wide
screens and association studies
for atopic dermatitis. Regions on
chromosomes 3q, 3p, 17q, and
18q showed suggestive evidence
for linkage to AD in at least two
genome-wide screens (overlap-
ping circles). AD regions iden-
tified on chromosomes 1q, 3q,
17q, and 20p overlap with pso-
riasis loci (white bars; loci linked
to psoriasis in at least two
different populations), while
there is little overlap with re-
gions consistently linked to
asthma (grey bars; loci linked to 1
asthma and related phenotypes in
at least three studies or showing
genome-wide evidence for link- K= 8
age in at least one study; adapted ]
from [29]). Candidate genes that
have been associated with AD so
far (stars) are generally not
located in the AD regions iden-
tified by linkage studies, but
rather in regions linked to asthma
and atopy (e.g., 5q and 11q)
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In fact, some of the regions relevant for AD overlap with
regions showing linkage to psoriasis, another chronic skin
disorder that is characterized by thickened, silvery-scale
patches [30]. AD and psoriasis are the two most common
chronic inflammatory skin diseases; however, their mech-
anisms for skin inflammation are quite different. Whereas
in AD, the immune response is predominated by T helper
(Th)2 cytokines [such as interleukin (IL)-4, IL-5, and IL-
13] and eosinophilia, the immune response in psoriasis is
Thl-mediated and associated with local neutrophil infil-
tration [31]. Ten genome screens for psoriasis have been
completed to date [32, 33]. It has long been recognized that
the HLA region on chromosome 6p21 harbors the main

* Candidate genes associated with AD

[ Asthma susceptibility regions (3 or more studies)
[ Psoriasis susceptibility regions (2 or more studies)

determinant conferring psoriasis susceptibility (PSORSI)
[34]. Besides the HLA region, several other susceptibil-
ity loci for this disease have been described: PSORS?2 to
PSORSY9. The AD region on chromosome 17q (see above)
overlaps with PSORS2 (17q25), the AD region on chro-
mosome 3q overlaps with PSORS5 (3q21), and two addi-
tional regions showing suggestive evidence for linkage to
AD or AD with asthma in the British genome screen (1921
and 20p) overlap with psoriasis susceptibility loci [28].
Thus, genes that are expressed in the skin might play an
important role in AD pathogenesis, in addition to genes
influencing atopic diatheses.
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Figure 2 illustrates the changing concept for AD patho-
genesis: although AD was previously mainly classified as
part of the spectrum of allergic disorders with IgE-me-
diated sensitization and Th2-tilted immune dysregulation
as major characteristics, the results of the genetic studies
suggest that AD is also partly a local skin disease that
shares important features—such as abnormal epidermal
differentiation and defective skin defense mechanisms—
with other skin diseases, e.g., psoriasis. For example, the
1921 locus that was linked to both AD and psoriasis houses
a cluster of genes known as the epidermal differentiation
complex (EDC) which encode proteins envolved in kera-
tinocyte terminal differentiation [35]. The importance of
the EDC for AD pathophysiology is further highlighted by
the result of genome-wide gene expression studies. EDC
genes were found to be differentially expressed in psoriasis
as well as in AD [36-38]. Precisely, when comparing the
expression of 23,000 genes in skin biopsies from 17 pa-
tients with AD in relation to healthy controls, four of the
ten genes with the greatest differences in expression were
EDC genes [38]. Several of the proteins encoded by EDC
genes are part of a specialized protective barrier structure
in the skin, the so-called cornified envelope (CE) [39].
Another CE gene that showed high expression in AD, the
Keratin 16 gene, is located within the region linked to AD

Fig. 2 Changing concept for a
AD pathophysiology: although
AD was for a long time mainly
classified as part of the spectrum
of allergic disorders with IgE-
mediated sensitization and Th2-
tilted immune dysregulation as
major characteristics (a), the re-
sults of the genetic studies sug-
gest that AD is also partly a local
skin disease that shares impor-
tant features, like abnormal
epidermal differentiation and
defective skin defense mech-
anisms, with other skin diseases,
e.g., psoriasis (b). Thus, two
different sets of possible

Allergic
asthma

on chromosome 17q21 [38]. Taken together, these results
highlight the potential importance of genes expressed lo-
cally in the skin in the pathogenesis of AD.

Following a genome-wide screen, positional cloning
techniques are used to identify the gene(s) influencing
disease susceptibility in the linked region. Although no AD
gene has been identified by positional cloning yet, there are
promising results for related complex diseases. In asthma,
for example, four genes have been positionally cloned so
far. The ADAM33 (a disintegrin and metalloprotease 33) on
chromosome 20p was the first “asthma gene” to be discov-
ered in 2002 [40]. Other groups later reported the DPP10
(dipeptidyl peptidase 10) [41], PHFII (plant homeodo-
main Zink finger 11 protein) [42] and GPRA (G protein-
coupled receptor for asthma susceptibility) [43] genes on
chromosomes 2q, 13q, and 7p, respectively, as positionally
cloned asthma genes. Similarly, for Crohn’s disease, an
inflammatory bowel disorder, the CARD15, SLC22A4, and
DLGS5 genes have been identified after positional cloning
[44—46]. Although it is likely that many more genes may be
discovered, which overall seem to contribute only moder-
ately to disease susceptibility, these examples show that the
positional cloning approach can be successful for complex
and heterogeneous diseases. Thus, it is possible (and likely)
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that susceptibility genes for AD will be discovered with
this approach in the near future as well.

Results of candidate gene studies for atopic dermatitis

Several candidate gene association studies for AD have
been reported to date, most of which have focused on genes
thought to play a role in allergic disorders in general, e.g.,
genes in the cytokine gene cluster region on chromosome
5g31 (Fig. 1). Variations in 19 genes have shown signif-
icant association with AD in at least one study (Table 2).
These studies vary substantially with respect to design and
specific phenotypes. Overall sample sizes are small (less
than 100 cases in most studies), and relatively few positive
findings have been replicated. Yet, variations in three genes
have been associated with AD in at least four different
studies.

Interleukin 13 (IL13) gene

Interleukin-13 is a Th2 cytokine that is believed to play an
important role in the pathogenesis of allergic disorders
(reviewed in [47]). In subacute and chronic AD lesions,
IL-13 mRNA is up-regulated, suggesting that IL-13 is a
crucial cytokine in lesioned skin [48]. The gene encoding
IL-13 is located in the cytokine gene cluster region on
chromosome 5q31. Two functional SNPs have been iden-
tified in this gene to date. A C/T SNP in the promoter
region at position —1112 was associated with increased
IL-13 production and increased binding of nuclear proteins
to this region [49]. Furthermore, a coding SNP in exon 4
(G4464A) that results in an amino acid exchange from
arginine to glutamine at position #130 (Argl30GIn) was
shown to influence binding of IL-13 to the IL-13 receptor
a2 chain, leading to slower clearance as well as enhanced
stability in plasma [50]. The Argl30GIn variation was
associated with AD in Canadian [51], Japanese [52], and
German populations [53]. The promoter SNP was asso-
ciated with AD in a Dutch cohort [54]; however, it did not
show association with AD in the Japanese sample [52]. Yet,
these two SNPs in the interleukin 13 gene are among the
variations most consistently associated with allergic phe-
notypes in general, including asthma [49, 55, 56], bronchial
hyper-responsiveness [56], total IgE levels [53, 57], and
atopy [58], suggesting that the /L /3 gene may indeed rep-
resent an atopy susceptibility locus in the 5q31 chromo-
somal region.

Interleukin 4 receptor alpha (/L4RA) gene

The receptors for IL-13 and IL-4, another important Th2
cytokine, share a common «-chain, encoded by the /L4RA
gene on chromosome 16p12. Ten amino acid substitutions
have been described in the coding regions of the /L4RA
gene on chromosome 16p12, three of which were shown to
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be functional (Ile50Val, Ser478Pro, and GIn551Arg). Out
of these variations, the GIn551Arg substitution showed
association with severe AD in a small American sample
[59] and with adult AD in a Japanese population [60].
Interestingly, Callard et al. [61] described an interaction
between genotype at this locus and infection in early
infancy on the susceptibility for AD, suggesting gene/
environment interplay (see below). The GIn551Arg vari-
ation was not associated with AD with normal IgE levels in
a Japanese cohort [62]. Recently, a promoter SNP was
identified at position —3223 (C/T) that was associated with
decreased levels of soluble IL-4 receptor protein [63]. This
SNP was found to be associated with extrinsic AD in
Germans [64], but did not show association with AD in a
Japanese sample [65].

These somewhat conflicting results for AD regarding the
IL4RA locus reflect the results of association studies be-
tween the /L4RA gene and allergic phenotypes in general.
Although many studies report significant associations with
one of the known variations in this gene with asthma or
atopy [66—68], the associated alleles differ substantially
between studies and populations. Therefore, in recent
studies on asthma, several to multiple SNPs were inves-
tigated simultaneously in the form of haplotypes, and this
approach was found to be more informative than an ex-
amination of isolated SNPs [69—71]. Thus, investigation of
IL4RA haplotypes might reveal deeper insights into the role
of this gene in AD susceptibility in the future.

Serine protease inhibitor Kazal-type 5 (SPINKS) gene

Netherton’s syndrome is a rare autosomal recessively
transmitted disease characterized by elevated IgE levels
with atopic manifestations and ichthyotic skin, including
characteristic hair abnormalities [72]. Mutations causing
Netherton’s disease have been identified in the SPINKS
gene on chromosome 5q31, encoding LEKTI, a 15-domain
serine protease inhibitor expressed in epithelial and muco-
sal surfaces and the thymus [73]. Walley et al. [74] recently
screened the coding sequence of this gene for variation in
patients with AD and identified six coding polymorphisms
[74]. The Glu420Lys substitution was associated with AD
and atopy in two different cohorts of British families. In-
terestingly, a parent-of-origin effect was seen, with an in-
creased risk for atopy when the Asn368 and Lys420 alleles
were maternally inherited [74]. Polymorphisms in the same
gene subsequently showed an association with AD in two
independent Japanese studies [75, 76], with asthma in
combination with AD in a large German cohort [77], and
with disease severity and food allergy in Japanese children
with AD [78]. One hypothesis for the role of LE KTI
polymorphisms in the pathopysiology of AD reflects that it
might influence the inhibition of many allergens that are
also serine proteases [74]. Yet, the exact manner of how
LEKTTI influences AD and allergic disease remains to be
unraveled.



688

Table 2 Candidate gene studies for AD; genes that have been associated with AD in at least one study

Gene Gene name Location  Variant Phenotype Population Association? Reference
TLR2 Toll-like receptor 2 4q32 Arg753GIn Severe AD German  Yes [82]
IRF2 Interferon regulatory factor 2 4q35 —467 G/A AD Japanese  Yes [87]
CSF2 Colony-stimulating factor 2 5q31 —677 A/IC AD British Yes [88]
3606 T/C, AD at 12 and Canadian  Yes [89]
3928 C/T 24 months
1L4 Interleukin-4 5q31 =590 C/T AD Japanese  Yes [90]
Extrinsic AD German  Yes [64]
AD Australian No [91]
Intrinsic AD Japanese No [62]
1L13 Interleukin-13 5q31 Argl130GIn AD Canadian Yes [51]
AD Japanese  Yes [52]
AD German  Yes [53]
—1111 C/T AD Dutch Yes [54]
AD Japanese No [52]
LS Interleukin-5 5q31 =703 C/T Blood eosinophilia Japanese Yes [92]
in AD
CDI14 Monocyte differentiation 5q31 -159 C/T AD (interaction American Yes [80]
antigen CD14 with dog
ownership)
AD German  No [93]
ILI2B Interleukin-12B 5q31-33 1188 A/C AD, Psoriasis Japanese  Yes [94]
SPINKS5  Serine protease inhibitor, Glu420Lys AD British Yes [74]
Kazal-type 5 AD Japanese  Yes [75]
AD Japanese  Yes [76]
Asthma with AD  German  Yes [77]
Disease severity ~ Japanese  Yes [78]
and food allergy
in AD
FCERIB High affinity IgE receptor, beta chain  11q13 Rsalin2, Rsalex7 AD British Yes [95]
GSTP!  Glutathione S-transferase, P1 11q13 Ile105Val AD Russian  Yes [96]
Haplotypes AD Russian  Yes [97]
PHFIl  Plant homeodomain Zink 13q14 T/C intron3, Childhood AD Australian Yes [98]
finger 11 protein G/A 3' UTR
CMAI Mast cell chymase 14ql1 BstXI AD Japanese  Yes [99]
AD Japanese  Yes [100]
AD Japanese No [101]
AD Italian No [102]
-1903 G/A IgE levels in AD  British Yes [103]
IL4RA Interleukin 4 receptor o chain 16p12 GIn551Arg Severe AD American Yes [59]
Adult AD Japanese  Yes [60]
AD (interaction British Yes [61]
with infection)
Intrinsic AD Japanese No [62]
-3223 C/T Extrinsic AD German  Yes [64]
AD Japanese  Yes [65]
CARDI15 Caspase recruitment domain- 16q12 2722 G/C AD German  Yes [104]
containing protein 15
RANTES Regulated upon activation, normally 17q11-q12 —403 A/G AD German  Yes [105]
T cell expressed + secreted AD Hungarian No [106]
EOTAXIN Eotaxin 17921 —426 C/T, IgE levels in AD  Japanese Yes [107]
-384 A/G
TGFB1  Transforming growth factor 3 1 19q13.1  Arg25Pro AD British Yes [108]
SCCE Stratum corneum chymotryptic enzyme 19q13 AACCins AD British Yes [109]

AD Atopic dermatitis, /gE immunoglobulin E



Gene/gene and gene/environment interactions

Since AD belongs to the group of complex and heteroge-
neous disorders, gene/gene as well as gene/environment
interactions are suspected to play an important role for
disease inception. Very few genetic studies have incorpo-
rated such comprehensive analyses so far. For example, in-
teraction was reported between genotypes of the IL-4 and
thromboxane A2 receptors (/IL4RA and TBXA2R) on serum
IgE levels in Japanese patients with AD [79]. Patients with
both TBXA2R 795TT and IL4RA 11e50/1le50 genotypes
showed the highest IgE concentrations [79].

Callard et al. [61] found a significant association be-
tween the GInS51Arg variation of the /L4RA gene and
flexural eczema at the age of 6 months only in children who
had not had an infection requiring antibiotics, suggesting
gene/environment interaction. Furthermore, interaction be-
tween the CD14 genotype (encoding part of the endotoxin
receptor) and persistent dog contact was reported on the
risk for AD at the age of 1 year in a cohort of children at
high risk for developing allergic disease [80]. These latter
results are particularly interesting with respect to the
hygiene hypothesis, indicating that the complex interplay
between genes and environment (in this case, microbial
stimuli in early childhood) plays an important role in the
development of allergic diseases.

The receptor system that constitutes the first, innate
immune response to microbial stimuli consists of the fam-
ily of Toll-like receptors (TLRs), highly conserved receptor
complexes that recognize pathogen-associated molecular
patterns. Recently, a potential role of genetic variation in 7LR
genes in human disease was suggested (reviewed in [81]),
but little is known about the role of these genes in AD so
far. A coding variation in 7LR2 was associated with a se-
vere form of AD in one study [82]. Yet, we could neither
replicate an association of this coding variation nor of a
promoter polymorphism (—16934 A/T) in TLR2 with AD in
a German cohort (unpublished results, 2005). Similarly,
polymorphisms in the 7LR6 (Ser249Pro) and TLR4 (Asp
299Gly) genes did not show association with AD (unpub-
lished data). Yet, incorporating analyses on potential gene/
environment interactions (e.g., stratifying by level of en-
dotoxin exposure or else) might be a promising approach to
evaluate the role of these innate immunity genes in the
pathogenesis of AD. Examples from association studies
for related phenotypes such as asthma [83—85] emphasize
that incorporating gene/gene and gene/environment in-
teractions in genetic studies could contribute profoundly to
understanding the complex genetic background underlying
susceptibility for multifactorial diseases.

Conclusions and future prospects

There is initial evidence that the genetic background for
AD and related allergic diseases such as asthma is less
similar than expected and that genes expressed locally in
the skin, e.g., genes encoding proteins for the cornified
envelope and local defense mechanisms, might be crucial
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for AD development. These findings pave the way for dif-
ferent categories of candidate genes to be examined for
AD.

Following genome-wide screens, positional cloning ef-
forts for AD will certainly be conducted in the near future.
Additionally, association studies on a genome-wide level
are likely to become feasible within a few years, and ge-
nome-wide expression studies are also starting to improve
the current knowledge about the genetic background of
AD. Combining these different techniques will eventually
reveal more genes that are important for the pathophysi-
ology of AD.

Identifying genetic variation that influences the devel-
opment of AD can have important clinical implications.
First, knowledge about genetic susceptibility allows us to
identify at-risk individuals very early in life and to develop
specific prevention strategies. Second, genetic variation
can influence treatment response to certain pharmaceu-
ticals (as described for variation in the gene encoding the
[3,-adrenoceptor and treatment with (32-adrenoceptor ag-
onists in asthma patients [86]). Thus, specific treatments
for genetically different individuals might be developed.
And third, a better understanding of the complex genetic
and molecular background that underlies AD, with the
incorporation of gene/gene and gene/environment interac-
tions, should lead to the development of new diagnostic
and therapeutic strategies in the future.
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