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Abstract Filaggrin (FLG) plays an important role in the barrier function of the skin.
Several loss-of-function mutations in FLG have been identified in patients with
ichthyosis vulgaris, and these null mutations are associated with Aevelopment of atopic
dermatitis (AD). In the present study, we examined tag single nucleotide
polymorphisms (SNPs) and null mutations in FLG for possible associations with AD
and atopic phenotypes in a Japanese population. Transmission disequilibrium test of
105 AD families showed that the null allele of the S2554X variant of FLG tended to be
overtransmitted to AD-affected offspring; however the P value did not reach statistical
significance. In a case-control comparison of 376 AD cases and 923 non-allergic
controls, the null allele of S2554X was significantly associated with AD (P = 0.0012),
and the association was strengthened in subjects with AD alone (P = 0.000024).
3321delA and S2554X were also associated with elevated levels of IgE. Combined null
mutation carriers were observed more in AD patients and in the subjects with high IgE
than in control subjects. The combined P value for the family and case-control data
was signiﬁcgnt for the $2554X and combined null mutations. Our data further support

the importance of FLG in the development of AD.



Introduction

Atopic dermatitis (AD) is an itchy, chronic inflammatory skin disease that is
categorized as an atopic disease along with atopic asthma and rhinitis. The prevalence
of AD has been studied in a wide variety of populations, and its reported frequency
ranged from 0.73% to 23% (Levy et al. 2003). The 12-month prevalence of symptoms
of atopic eczema in Japanese children 6 to 7 years of age was 16.9%, the second highest
after Sweden (Williams et al. 1999). Twin and family studies have indicated that
predisposition for AD is highly heritable (Larsen et al. 1986), with a heritability value
of 0.72 (Nystad et al. 2005). However, the detailes regarding inheritance of AD remain
unclear.
To identify susceptibility genes for AD, genome-wide linkage studies and
candidate gene approaches have been used. To date, 5 genome-wide linkage studies
have been performed in Caucasian populations (Lee et al. 2000; Cookson et al. 2001;
Bradley et al. 2002; Haagerup et al. 2004) and a Japanese population (Enomoto et al.
2007), and evidence for linkage to AD was obtained for several chromosomal regions.
Several candidate genes, mainly immune-related genes including interleukin (IL)-4
(IL4), IL13, IL5, IL12B, and serine protease inhibitor Kazal-type 5 (SPINKS5 ) have

been examined for possible association with development of AD (Morar et al. 2006).



Recent studies have emphasized the importance of skin barrier function in the
development of .AD. Loss-of-function mutations in the filaggrin gene (FLG) were found
tp be associated with AD in independent populations (Irvine 2007). FLG protein is
present in the granular layers of the epidermis, and the keratohyalin granules in the
granular layers are predominantly composed of the 400-kDa polyprotein, profilagglin
.(Dale et al. 1985; Listwan and Rothnagel 2004; Candi et al. 2005). On the
differentiation of keratinocytes, profilaggrin is dephosphorylated and cleaved into 10 to
12 essentially identical 37-kDa filaggrin peptides. FLG proteins aggregate the keratin
cytoskeleton system to form a dense protein-lipid matrix that is crosslinked by
transglutaminases to form the cornified cell ‘envelope (Candi et al. 2005). This structure
prevents epidermal water loss and impedes the entry of allergens, toxic chemicals, and
infectious organisms. Therefore, FLG is a key protein in terminal differentiation of the
epidermis and skin barrier function (Gan et al. 1990).

FLG is located on human chromosome 1g21 (Compton et al. 2002) for
which a previous genome-wide linkage study found evidence of linkage with AD
(Cookson et al. 2001). The chromosome 1921 region harbors the epidermal
differentiation complex (EDC), which is a dense cluster of genes involved in the

terminal differentiation of the epidermis and formation of the stratum comeum, the



outermost dead cell compartment of the skin where the main skin bz;rrier function
occurs (Misc-:hke et al. 1996). FLG is located in the EDC. Recently, we performed a
genome-wide linkage analysis of Japanese families with AD and found weak evidence
for linkage on 1q24 (Enomoto et al. 2007) near 1q21.

FLG was initially identified as a susceptibility gene for ichthyosis vulgaris
(Smith et al. 2006), a disorder of keratinization, and Palmer et al. (Palmer et al. 2006)
reported that two nonsense mutations in FLG, R501X and 2282del4, were associated
with development of AD in a Caucasian population. These mutations showed a
combined allele frequency of ~4% in populations of European ancestry, and the variants
were greatly overrepresented in the cohort with AD, indicating a highly significant
dominant risk of AD (Palmer et al. 2006). FLG null alleles, X501 and 2282del4, occur
at higher frequency in individuals with both asthma and AD than in individuals with
asthma alone (Palmer et al. 2006). The R501X and 2282del4 variants were absent in
non-European populations, such as those of Asian or African origin.

The associations of FLG null alleles with developmenf of AD have been
replicated in several European populations (Marenholz et al. 2006; Ruether et al. 2006;
Sanciilands et al. 2006; Weidinger et al. 2006; Barker et al. 2007; Stemmler et al. 2007;

Weidinger et al. 2007). FLG null alleles were also found to be associated with elevated



