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TO THE EDITOR

Mutations in FLG, the gene encoding
profilaggrin/filaggrin, are the underlying
cause of ichthyosis vulgaris (OMIM
146700) and an important predi-
sposing factor for atopic eczema (AE)
(Sandilands et al., 2007). FLG muta-
tions are also significantly associated
with asthma with AE mainly in the
European population (Rodriguez et al.,
2009; van den Oord and Sheikh, 2010).
The presence of population-specific
FLG mutations has been reported in
both the European and Asian races
(Nomura et al, 2007; Sandilands
et al., 2007). To clarify whether FLG
mutations are a predisposing factor for
asthma in the non-European popula-
tion, we initially studied 172 japanese
AE patients (mean age, 24.8 £ 9.1 years)
and 134 unrelated Japanese control
individuals (healthy volunteers; mean
age, 27.9+6.0 years). All AE patients
had been diagnosed based on widely
recognized diagnostic criteria (Hanifin
and Rajka, 1980). The majority of AE
patients and control individuals were
identical to those in a previous study
(Nemoto-Hasebe et al., 2010). In this
AE cohort, 73 AE patients (mean age,
25.4+8.9 years) experienced compli-
cations with asthma. Furthermore, we
studied another Japanese asthma cohort
(137 patients; mean age, 58.2+16.9
years). Patients were considered asth-
matic based on the presence of recur-
rent episodes of >2 of the three
symptoms (coughing, wheezing, or
dyspnea) associated with demonstrable
reversible airflow limitation, either
spontaneously or with an inhaled short-
acting B2-agonist and/or increased
airway responsiveness to methacholine
(Isada et al, 2010). Fully informed
consent was obtained from the partici-
pants or their legal guardians for this

study. This study had been approved by
the Ethical Committee at Hokkaido
University Graduate School of Medi-
cine and was conducted according to
the Declaration of Helsinki Principles.

FLG mutation screening revealed
that 27.4% of patients in our Japanese
AE complicated with asthma case
series carried one or more of the eight
FLG mutations (combined minor allele
frequency of 0.151, n=146) (Table 1).
Conversely, 26.3% of Japanese AE
patients without asthma carried one or
more of the eight FLG mutations
(combined minor allele frequency of
0.147, n=198). The FLG variants are
also carried by 3.7% of Japanese con-
trol individuals (combined minor allele
frequency of 0.019, n=268). We found
that all compound heterozygous muta-
tions were present in trans by observing
transmission or haplotype analysis
(Nomura et al., 2007, 2008). There is
a statistically significant association
between the eight FLG mutations and
AE with asthma, and between the eight
FLG mutations and AE without asthma
(Table 1). Moreover, AE complicated
with asthma manifested in heterozy-
gous carriers of FLG mutations with an
odds ratio for AE and asthma of 9.74
(95% confidence interval 3.47-27.32),
suggesting a relationship between
FLG mutations and AE with asthma.

In the Japanese general asthma
cohort, 8.0% of the asthma patients
carried one or more of the eight FLG
mutations (combined minor allele fre-
quency of 0.04, n=274) (Table 2).
Whereas, of the Japanese patients with
asthma complicated by AE, 22.2%
carried one or more of the FLG muta-
tions (combined minor allele frequency
of 0.11, n=36). In contrast, 5.9% of
asthma patients without AE carried
one or more of the FLG mutations

Abbreviation: AE, atopic eczema
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(combined minor allele frequency of
0.03, n=238). There was a statistically
significant association between the
eight FLG mutations and asthma with
AE (Table 2). There was no statistically
significant association between the FLG
mutations and entire asthma patients,
nor between FLG mutations and asthma
without AE. We cannot exclude the
possibility that this lack of significant
association is due to the small number
of the patients included in this study.
We used the same control set for both
case-controlled studies. Thus, strictly
speaking, there is no independent
replication for the control group.

Recent meta-analysis revealed that
FLG mutations are significantly asso-
ciated with asthma in the European
population and there are especially,
strong effects observed for FLG muta-
tions for the compound phenotype,
asthma in addition to eczema (Rodri-
guez et al., 2009; van den Oord and
Sheikh, 20710). In contrast, there
appeared to be no association of FLG
mutations with asthma in the absence
of eczema (Rodriguez et al., 2009; van
den Oord and Sheikh, 2010).

This Japanese cohort has a comple-
tely different FLG mutation spectrum
from those in the European and the
North American populations. However,
our results clearly confirm the strong
association of FLG mutations with our
Japanese cohort of AE patients with
asthma complications, and the associa-
tion of FLG mutations and asthma
patients with AE complications, for the
first time outside Europe or North
America. Conversely, this study showed
no significant correlation between gen-
eral asthma patients and FLG muta-
tions, suggesting that atopic asthma
patients associated with FLG mutations
are a minority among general asthma
patients. The frequency of heterozy-
gous, compound heterozygous, and
homozygous FLG mutation carriers



observed in our Japanese controls was
only 3.7%, which was much lower than
that seen in European general popula-
tion, where it is approximately 7.5%.
This suggested that there may be further
mutations yet to be discovered in the
Japanese. As we have sequenced more
than 40 Japanese families with ichthyo-
sis vulgaris, there is now little possibi-
lity that further highly prevalent
mutations will be found in the Japanese
population. However, it is still possible
that there might be multiple, further
low-frequency FLG mutations discov-
ered in the Japanese population.
In addition, because of the relatively
small sample size of this genetic study,
further replication in association studies
will be required for FLG mutations and
asthma in Japan.

In our cohorts, serum IgE levels were
extremely high (median, 3141.91UmI™";
25th-75th  percentiles, 1276.0-9753.
01UmI™") in AE patients with asthma
(n=73) in the AE cohort, compared with
that in total asthma patients (median,

156.01UmI™";  25"™75th  percentiles,
71.05-441.451Uml™", n=137) in the
asthma cohort. These findings suggest
that extrinsic allergic sensitization might
have an important role in atopic asthma
pathogenesis. Recent studies hypothe-
sized skin barrier defects caused by FLG
mutation(s) allow allergens to penetrate
the skin, resulting in initiation of further
immune response and leading to the
development of systemic allergies, includ-
ing atopic asthma (Fallon et al., 2009). In
patients with asthma that also harbor FLG
mutations, we could not exclude the
possibility that the systemic effects of early
eczema might simply influence airway
responsiveness (Henderson et al., 2008).
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RNase 7 Protects Healthy Skin from Staphylococcus aureus

Colonization

Journal of Investigative Dermatology (2010) 130, 2836-2838; doi:10.1038/jid.2010.217; published online 29 July 2010

TO THE EDITOR
The Gram-positive bacterium Staphylo-
coccus aureus is an important pathogen
that causes various skin infections
(Miller and Kaplan, 2009). However,
healthy skin is usually not infected by
S. aureus, despite the high carrier rates
in the normal population (Noble,
1998). This suggests that the cutaneous
defense system has the capacity to
effectively control the growth of §.
aureus. There is increasing evidence
that antimicrobial proteins are impor-
tant effectors of the cutaneous defense
system (Harder et al., 2007). A recent
study reported that keratinocytes con-
tribute to cutaneous innate defense
against S. aureus through the produc-
tion of human B-defensin-3 (Kisich
et al, 2007). In addition to human p-
defensin-3,, other antimicrobial pro-
teins may also participate in cutaneous
defense against S. aureus. One candi-
date is RNase 7, a potent antimicrobial
ribonuclease that is highly expressed in
healthy skin (Harder and Schréder,
2002; Koten et al., 2009).

To investigate the hypothesis that
RNase 7 may contribute to protect

healthy skin from S. aureus coloniza-
tion, we first incubated natural RNase 7
isolated from stratum corneum skin
extracts (Harder and Schréder, 2002)
with S. aureus (ATCC 6538). In con-
cordance with our initial report about
RNase 7 (Harder and Schréder, 2002),
we verified that RNase 7 exhibited

a high killing activity against S. aureus
(lethal dose of 90% =3-6 ugml™").
Recently, we reported a moderate
induction of RNase 7 mRNA expres-
sion in primary keratinocytes treated
with heat-killed S. aureus (Harder and
Schréder, 2002). To assess the induc- -
tion of RNase 7 by S. aureus in the
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Figure 1. Induced secretion of RNase 7 on the skin surface on treatment with living S. aureus.
Defined areas (0.8 cm?) of skin explants derived from plastic surgery were incubated with or without
approximately 1,000 colony-forming units of S. aureus (ATCC 6538) in 100 ul of sodium phosphate
buffer. After 2, 6, and 20 hours, the concentration of secreted RNase 7 was determined by ELISA.
Stimulation with S. aureus for 2 hours revealed a significant induction as compared with the
unstimulated control after 2 hours (*P<0.05, Student's t-test; n.s. = not significant). Data shown are
means of triplicates of five skin explants derived from five donors.
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coexistent proliferative epidermal lesions, such as condyloma
acuminatum, Bowen'’s disease, and squamous cell carcinoma, but
not in adjacent EMPD areas [3,9,10]. Therefore, HPV infection in
these cases is more likely coincidental than causal in the
pathogenesis of EMPD, although the precise relationship still
needs to be elucidated.

Our findings provide further evidence that HPV infection is
unlikely to contribute to the carcinogenesis of EMPD. However,
further investigation is required to determine whether or not there
is an association between EMPD and other types of HPV that were
not detected by the methods used in this study.
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Letter to the Editor

Chromosome 11q13.5 variant: No association with atopic
eczema in the Japanese population

Dear Sir,

A single nucleotide polymorphism (SNP) on chromosome
11q13.5 [rs7927894] has been attracting great attention since
Esparza-Gordillo et al. [ 1] reported highly significant association of
a common variant of rs7927894 with atopic eczema (AE) in the
German population. In the report, approximately 13% of indivi-
duals are homozygous for the SNP and their risk of developing AE is
1.47 times that of noncarriers. Very recently, O'Regan et al. [2]
further published interesting results on the association between
rs7927894 and AE in a collection of Irish children with moderate-
to-severe AE and Irish controls. The association between
rs7927894 and AE was replicated in the Irish population
(p = 0.0025, Chi-square test; odds ratio (OR) = 1.27, 95% confidence
interval (CI) 1.09-1.49). Additional analyses performed to test the
statistical significance of the rs7927894 SNP having controlled for
the presente/absence of the strongly significant FLG null genotype
indicated that rs7927894 still shows a statistically significant
effect (p = 0.0025) with an OR of 1.22 (95% CI 1.02~1.26) [2]. Tests
for interaction between each of the FLG and rs7927894 risk alleles
showed no evidence of statistically significant epistatic effects [2].
The rs7927894 association was independent of the well-estab-
lished FLG risk alleles and may be multiplicative in its effects.

In order to clarify whether this common variant is associated
with AE also in the Japanese population or not, we evaluated the
association between 1s7927894 and AE in an cohort of 194
Japanese AE patients we had collected to date and 113 unrelated
Japanese control individuals. All the AE patients had been
diagnosed with AE based on widely recognized diagnostic criteria
[3] or their parents reported a dermatologist’s diagnosis of AE (at

least once). Majority of AE patients and control individuals were
identical to those in a previous study {4]. Using genomic DNA, AE
patients and control individuals were screened for the variant
allele of rs7927894 on chromosome 11q13, by direct DNA
sequencing. In addition, the AE patients and the control individuals
were screened for eight FLG mutations previously identified in the
Japanese population, by restriction enzyme digestion, fluorescent
PCR and/or direct DNA sequencing as described previously [4,5].

Case~control association analyses were performed for the
variant using Fisher’s exact test. In addition, we performed case—
control statistical analysis for the common variant allele of
rs7927894 after stratification for FLG mutations. The rs7927894
on chromosome 11q13 genotype data in the Japanese AE case
series and ethnically matched population control series are
summarized in Table 1. All alleles were observed to be in normal
Hardy-Weinberg equilibrium.

Here we demonstrate that 22.7% and 1.5% of the patients in our
Japanese AE case series are heterozygous and homozygous for
1s7927894[T], respectively (combined rs7927894(T] allele fre-
quency =0.129, n = 388) (Table 1). rs7927894[T] is also carried by
23.0% of the Japanese control individuals (combined minor allele
frequency = 0.115, n=226). There is no statistically significant
association between the rs7927894[T] and AE.

After stratification for FLG mutations previously identified in
the Japanese population, 26.0% and 4.0% of our Japanese AE case
series with FLG mutations are heterozygous and homozygous for
rs7927894[T] (combined 1s7927894[T] allele frequency =0.17,
n=100). 21.5% and 0.7% of the Japanese AE patients without FLG
mutations are heterozygous and homozygous for rs7927894[T]
(combined rs7927894[T] allele frequency = 0.11, n = 288). There is
no statistically significant association between the rs7927894(T]
and AE without FLG mutations or rs7927894(T] and AE with FLG
mutations (Fisher’s exact test p = 0.338). Furthermore, interaction
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Table 1
Results of the 11q13.5 SNP and the prevalent FLG mutations in 194 Japanese eczema cases and 113 individuals from Japanese contro} population.

FLG (+), with FLG mutation(s); FLG (- ), without any FLG mutation. Combined rs7927894

[T] allele frequency, 0.129 (AE patients, n=388); 0.115 (control individuals, n=226);

0.17 (AE patients with FLG mutation(s), n=100); 0.115 (AE patients without FLG mutation(s), n=288).

Table 2

Cross-classification of genotypes of rs7927894 and FLG used for the interaction analysis.

Combined FL

AA, wild-type homozygous individuals for each genetic variant; Aa, wild-type/mutant heterozygous individuals; aa, individuals who are homozygous for each of the genetic

variants tested.

between each of the FLG and rs7927894 risk alleles based on the
cross-classification of genotypes in Table 2 showed no apparent
epistatic effects.

1s7927894 is located in an intergenic region 38 kb downstream
of C11orf30 (chromosome 11 open reading frame 30) and 68 kb
upstream of LRRC322 (leucine rich repeat containing 32). Both
C110rf30 and LRRC322 are ubiquitously expressed including skin
and peripheral blood lymphocytes [1]. By genome-wide associa-
tion study for global mRNA expression in lymphoblastoid cell lines
from asthmatic children, there was no evidence for a cis-regulatory
effect of 1s7927894 [6]. Thus, regulatory role of rs7927894 on
C171orf30 and LRRC322 gene expression is questionable. However,
we cannot exclude the possibility of a pathogenetic link of
rs7927894 to atopic eczema via Cl17orf30 and LRRC322 gene
expression in the skin.

Our case-control study in the Japanese population did not
confirm the result of Esparza-Gordillo et al. [1] or O'Regan et al. [2]
that rs7927894 is at increased risk for AE. The association of

rs7927894 with AE was reported in the European population, i.e. in
the German population by Esparza-Gordillo et al. [1] and in the
Irish population by O'Regan et al. [2]. The present data suggest that
the association of rs7927894 with AE established in the European
populations is not in the Asian populations, at least in the Japanese
population.
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Skin serves as a protective barrier against invasion by pathogens and harmful antigenic particles.
Filaggrin is a key structural protein that facilitates terminal differentiation of the keratinocytes
and formation of the skin barrier. Since the establishment of a sequencing method for the entire
filaggrin gene (FLG) in 2006, approximately 40 loss-of-function FLG mutations have been
identified in patients with ichthyosis vulgaris and/or atopic dermatitis (AD). Notably, there is a
clear difference in filaggrin genetics between the European and Asian races. Overall, approximately
25-50% of AD patients have been found to harbor filaggrin mutations as a predisposing factor.
In addition, filaggrin mutations are significantly associated with asthma. The restoration of skin
barrier function seems a feasible and promising strategy for prophylactic treatment of AD
patients with FLG mutations. This article reviews the discovery of filaggrin mutations; their
association with AD, asthma and other atopic diseases; and FLG-related potential treatment

strategies.

Filaggrin, which is processed from profilaggrin, isa
key structural protein that facilitates terminal dif-
ferentiation of the epidermis and formation of the
skin barrier. Mutations in FLG, the gene encoding
filaggrin, have been identified as the cause of ich-
thyosis vulgaris (IV), a relatively common genetic
keratinization disorder that is clinically character-
ized by scaling, especially on the extensor limbs,
and palmoplantar hyperlinearity 1-3). In 2006,
the molecular basis and full sequencing of FLG
were established (4]. Approximately 40 FLG muta-
tions have been reported, and the prevalent ones
are distinct in different populations [s]. Recent
studies have shown that FLG mutations are also
a key predisposing factor for atopic dermatitis
(AD) (6], and for other atopic disorders, includ-
ing asthma and allergic rhinitis [7]. This article
reviews the discovery of filaggrin mutations and
its association with AD.

Skin barrier function

The primary function of the skin is to act as a
protective barrier against invasion by harmful
organisms, such as bacteria, viruses, fungi and
other antigenic particles. Keratinocytes are the
principal cells within the epidermis. The ter-
minal differentiation of keratinocytes (Ficure 1)
results in the formation of an impenetrable
barrier (the horny layer) that is the uppermost
layer of the epidermis. The successive stages of

keratinocytic differentiation in the epidermal
layers are in the basal cell, spinous cell and gran-
ular cell layers (Fieure2). While spinous cells dif-
ferentiate into granular cells, they begin to accu-
mulate keratinocyte-specific proteins involved in
terminal differentiation of the horny layer. There
are three major components in the skin barrier
of the horny layer: intercellular lipid layers; the
cornified cell envelope; and the keratin network
and keratohyaline granules [8]. Genetic defects in
any of these components may result in various
dermatoses, such as ichthyoses, which are usually
characterized by dry, thickened, scaly or flaky
skin (‘ichthyosis’ comes from the Ancient Greek
word ‘ichthys’, meaning ‘fish’).

The keratin filament network is an important
basic structure for maintaining the integrity
and dimensions of the cornified cell, and the
degraded product of keratohyalin granules —
that is, filaggrin — aggregates keratin filaments
in apoptosed keratinocytes into bundles and pro-
motes the flattening of dead-cell remnants [9-12).
This layer of collapsed cells, which is reinforced
by other structural proteins, forms an effective
barrier against external allergens in normal skin.

Filaggrin

The term ‘filaggrin’ (a shortening of the phrase
‘filament aggregation protein’) first appeared in
1981 to describe a class of structural proteins that
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are isolated from the horny layer (9). Filaggrin is initially synthesized
as profilaggrin, an approximately 500-kDa, highly phosphorylated,
histidine-rich polypeptide that consists of an amino-terminal S100
calcium-binding domain, a B-domain and two imperfect filaggrin-
repeat domains flanking 1012 essentially identical filaggrin repeats,
as well as of a carboxy-terminal domain (Ficure 2) [13,14]. During
the post-translational processing of profilaggrin, the 10-12 indi-
vidual 37-kDa filaggrin polypeptides cleave proteolytically and
then dephosphorylate. As mentioned above, the liberated filaggrin
subsequently and highly efficiently aggregates the keratin filaments,
which causes the keratinocytes in the stratum corneum to collapse
1912). Filaggrin subsequently degrades into amino acids, which act in
retaining epidermal moisture [12,15]. The aspartate-specific protease
caspase 14 plays an important role in the cleavage of profilaggrin
116]. Caspase-14-knockout mice show an abnormal accumulation of
filaggrin fragments with a low molecular mass (1215 kDa) within
the stratum corneum (17]. Filaggrin is a key protein during terminal
differentiation, and it is essential for the formation of an intact,
protective and properly moisturized skin barrier [8,12].

Filaggrin loss-of-function mutations in
ichthyosis vulgaris
Ichthyosis vulgaris (OMIM 146700) is a common inherited skin

disorder that is estimated to affect one in 250 individuals. IV is
characterized by generalized dry and scaly skin prominent on the
extensor surfaces of limbs, and is associated with palmoplantar
hyperlinearity (Ficure 3) (1.4]. Histologically, IV is characterized by
a decrease in the size and number of keratohyaline granules in the
granular layer, or in their complete absence there (Ficure 3) [1,15].
An association between IV and profilaggrin had long been sus-
pected, but the gene that encodes profilaggrin, FLG, proved to
be technically challenging to sequence. FLG resides on human
chromosome 121 within the so-called epidermal-differentiation
complex (EDC). The EDC contains an area of 1.62 megabases
harboring more than 70 genes that are expressed during terminal
differentiation of keratinocytes 19,20]. These EDC proteins, such
as loricrin, involucrin, small protein-rich proteins and late envelop
proteins, share similar important sequences, and phylogenic study
suggests that these proteins derive from a common ancestor [21].
Of these EDC proteins, filaggrin is the key member.

The initiation codon of the FLG gene is in exon 2, and most
of the profilaggrin protein is encoded by exon 3 (Ficure 2). Exon
3 is extremely large (>12 kb) and it encodes most of the profilag-
grin polypeptides, with almost completely homologous 10, 11
or 12 repeats. There exist polymorphic variations in the number
of filaggrin repeats. Some individuals have a duplication of the
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