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$2554X mutation in the filaggrin gene
is associated with allergen sensitization
in the Japanese population

To the Editor:

Atopic diseases such as atopic dermatitis (AD) and allergic
rhinitis are some of the most common diseases in developed
societies, and the number of patients with these diseases is
increasing. These diseases are caused by interactions between
genetic and environmental factors; some patients develop various
atopic diseases concurrently, whereas others show a gradual
progression from one manifestation of allergy to the next (atopic
march),’' thereby indicating common genetic/environmental fea-
tures among atopic diseases.

Skin barrier dysfunction may contribute to the allergen pene-
tration responsible for AD and predate the development of asthma
and allergic rhinitis.” Filaggrin (filament-aggregating protein;
FLG) has been reported to play an important role in skin-barrier
formation and hydration. FLG aggregates the keratin cytoskele-
ton to facilitate the collapse and flattening of keratinocytes in
the outermost skin layer. Null mutations in FLG are associated
with AD in various populations, and some mutations showed as-
sociations with rhinitis and allergen sensitization in white pediat-
ric populations.3 In a recent study, Flg-deficient mice showed a
predisposition to sensitization after percutaneous exposure to an
allergen and developed cutaneous inflammatory infiltration and
allergen-specific immune responses after allergen sensitization.*
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TABLE I. Characteristics of the study population (1499 subjects)

Characteristic

Sex (male:female)

Age (y), mean = SD
Asthma (current and past)
Allergic rhinitis
Sensitization

Total IgE (IU/mL),

466:1033

323 + 97

104/1093

575/1093

1014/1499

65.6 (range, <5-24,000)

geometric mean

Specific IgE Prevalence (range,
(Ua/mL), Ua/mL)
Mite 39% (<0.34-100)

Japanese cedar
Dactylis glomerata
Ambrosia artemisiifolia
Candida albicans
Aspergillus

62% (<0.34-100)
26% (<0.34-100)
12% (<0.34-32)
6.5% (<0.34-35.8)
3.3% (<0.34-9.1)

Total IgE values of <5 IU/mL have been considered as 0.1 TU/mL for the sake of
calculations. The prevalence of specific IgE was calculated as the proportion of
subjects with specific IgE titer of >0.70 Ua/mL.

We previously reported that the null allele of FLG showed statis-
tically significant association with AD, and this association was
stronger in the Japanese patients with the only-AD phenotype—-
that is, patients with AD without other atopic diseases.” However,
the effects of FLG null mutations on other atopic conditions have
not been investigated in Asian populations. In the current study,
we genotyped 4 FLG null mutations in the Japanese general pop-
ulation and studied the association between these mutations and
atopic phenotypes.

Between 2003 and 2007, 1575 hospital workers and university
students were invited to participate in this study. All the partic-
ipants were of Japanese origin and were residents of Fukui
prefecture, Japan. The characteristics of the study population are
shown in Table I. Asthma was diagnosed on the basis of whether
patients answered that they had ever been diagnosed with asthma
by a doctor. Allergic rhinitis was diagnosed on the basis of a pos-
itive history of rhinitis during the pollen season and/or all seasons,
and high levels of allergen-specific IgE antibodies in the serum
(RAST score >class 2). Total and specific IgE (produced in re-
sponse to Japanese cedar, Dermatophagoides, Dactylis glomerata,
Ambrosia artemisiifolia, Candida albicans, and Aspergillus) were
measured by using the CAP-RAST method (Pharmacia Diagnos-
tics AB, Uppsala, Sweden), and positive allergic sensitization was
defined if the levels of 1 or more specific IgE molecules were
greater than or equal to 0.70 IU/mL (class2). All the participants
gave their written informed consent to participate in the study.
The study was approved by the ethical committees of the Univer-
sity of Tsukuba and the University of Fukui, Japan.

Genomic DNA was extracted from whole-blood samples by
using a DNA-isolation kit (QuickGene-810; Fuji, Tokyo, Japan).
The 3321delA genotype was determined by sizing a fluorescently
labeled PCR fragment on an Applied Biosystems 3100 DNA Se-
quencer (Applied Biosystems, Foster City, Calif) as described
previously.6 S2554X, S2889X, and S3296X were genotyped on
TagMan Assay-by-Design system for single nucleotide polymor-
phism genotyping (Applied Biosystems). The accuracy of geno-
typing was confirmed by using direct sequences/restriction
fragment length polymorphism analysis’ of samples obtained
from all carriers and selected noncarriers of the null mutations.
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TABLE Il. Results of association study with atopic phenotypes in 98 subjects with filaggrin null mutations

Phenotype AA Aa aa P value OR (95% CI)
Asthma/without asthma
3321delA 104/976 0/13 0/0 .98 NA
S2554X 104/980 0/9 0/0 98 NA
S2889X 99/947 5/42 0/0 .86 1.09 (0.42-2.85)
S$3296X 104/980 0/9 0/0 98 NA
Combined 99/917 5/71 0/1 .36 0.65 (0.25-1.65)
Allergic rhinitis/without
allergic rhinitis
3321delA 567/513 8/5 0/0 53 1.43 (0.46-4.41)
S$2554X 569/515 6/3 0/0 37 1.89 (0.47-7.61)
S2889X 552/494 23/24 0/0 .60 0.85 (0.48-1.54)
S3296X 571/513 4/5 0/0 .61 0.70 (0.18-2.66)
Combined 535/481 39/37 1/0 .90 0.97 (0.61-1.55)
Sensitization/without
sensitization
3321delA 1000/483 14/2 0/0 .078 3.81 (0.86-16.89)
S$2554X 1001/485 13/0 0/0 .013 NA
S2889X 977/467 37/18 0/0 .99 0.99 (0.56-1.77)
S$3296X 1004/480 10/5 0/0 94 0.96 (0.32-2.85)
Combined 941/460 72/25 1/0 11 1.47 (0.91-2.35)

AA, Wild-type for the mutation; Aa, heterozygote for the mutation; aa, homozygote for the mutation or a compound heterozygote for mutations; NA, not applicable; OR, odds ratio.
The number of subjects with a particular genotype is represented in the following form: number of subjects with the phenotype (eg, asthma)/number of subjects without the

phenotype (eg, asthma).

The genetic effects of the association between the case-control
status and each individual single nucleotide polymorphism were
estimated by logistic regression analysis after adjusting for sex
and age; the analysis was performed by using R version 2.7.0
(http://www.r-project.org/). The Fisher exact test was applied
when the genotype counts were 0 and logistic regression could
not be performed.

Among the 1575 participants, we obtained DNA samples and
information on total and specific IgE levels for 1499 participants.
Among these, 1093 subjects completed the asthma/rhinitis ques-
tionnaire, whereas 98 subjects (6.5%) had at least 1 FLG null mu-
tation, and 1 subject was a combined heterozygote for null
mutations. There was no deviation from the Hardy-Weinberg
equilibrium (P > .05). The results of the association study are
shown in Table II. FLG mutations were not associated with
asthma and allergic rhinitis (P > .05). However, allergen sensiti-
zation was more common in the S2554X carriers (P = .013), and
the trend toward association was observed in the 3321delA car-
riers (P = .078). However, the more common null mutation,
S2889X, was not associated with allergen sensitization (P >
.05), resulting in the disappearance of the association in the com-
bined results (P > .05).

This is the first population-based study on the effects of FLG
null mutations in the atopic phenotypes in Asian populations,
and specific null mutations were found to be associated with aller-
gen sensitization. In large population-based studies, a detailed
clinical diagnosis of asthma and rhinitis cannot be easily per-
formed, and careful examination of the subjects can yield stronger
estimates of associations. Allergic rhinitis showed high preva-
lence in the subjects in this study; nearly half of the subjects
were affected. This is a result of the high prevalence (31.4% to
39.1%) of Japanese cedar pollinosis among adults age 20 to 49
years.®

The reason for the association between specific null mutations
and allergen sensitization remains to be determined, but our AD

case-control samples also showed a similar trend; the odds ratios
for the development of AD were 5.0 in the case of S2554X and
2.27 in the case of S2889X (see this article’s Methods and Table E1
in the Online Repository at www.jacionline.org). Similar trends
were also observed in white populations.” FLG consists of 10 to
13 FLG tandem homologous sequence units, and each null muta-
tion is linked to a particular FLG homologous unit. Therefore, we
speculated that the effects of FLG null mutations vary according to
their locations and units.

The current study has a number of limitations. In a majority of
the subjects with FLG null mutations, the mutations did not show
an association with allergen sensitization. Furthermore, our study
population contained only a small number of subjects with
S2554X null mutations. In addition, the lack of independent gen-
eral populations for use in replication analysis may weaken our
observations. Future studies should aim to identify the precise
mechanisms of FLG null mutations in the development of atopic
phenotypes.
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Genetic predisposition (NLRP3 V198M muta-
tion) for IL-1-mediated inflammation in a
patient with Schnitzler syndrome

To the Editor:

Schnitzler syndrome is a rare, enigmatic disorder characterized
by chronic urticarial rashes and a monoclonal IgM gammopathy,
variably combined with intermittent fever, arthralgia or arthritis,
lymphadenopathy, hepatomegaly and/or splenomegaly, leukocy-
tosis, and an elevated erythrocyte sedimentation rate." Patients
have an excess risk for Waldenstrom macroglobulinemia and
amyloidosis.2 Both increased secretion of the proinflammatory
cytokine IL-1 from PBMCs and efficacy of anakinra (soluble
IL-1 receptor antagonist) treatment suggest an important role
of IL-1 in the disease process. However, the cause of increased
IL-1 secretion has remained obscure.>® Here, we report on a
gain-of-function mutation (V198M) of a gene (nucleotide-
binding domain protein and leucine-rich repeat containing gene
family, pyrin domain containing 3 [NLRP3], also known as
CIAS]I) predisposing for excessive IL-1f3 secretion in a patient
with Schnitzler syndrome. To our knowledge, this is the first re-
port on a NLRP3 gene mutation found in this disease.

We diagnosed Schnitzler syndrome in a 52-year-old woman who
was admitted to our department because of an 18-month history of
chronic urticaria with annular erythematous and maculopapular
lesions, periodic fever, polyarthralgia, night sweats, and 10-kg
weight loss starting days after a clinically diagnosed respiratory
infection that had not been further investigated. Skin eruptions
initially occurred at mechanically stressed regions but generalized
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within 2 months, sparing the neck and face. At presentation,
leukocytosis (12.100/nL), and elevated erythrocyte sedimentation
rate (54 mm/h) and C-reactive protein (23 mg/L) were present.
Mild anemia (hemoglobin 10.5 g/dL) was noted. The thrombocyte
count was within the normal range. Serum IgM levels were
markedly increased (7.8 g/L; normal range, 0.4-2.3) with a mon-
oclonal IgMk component. The rheumatoid factor was elevated (46
U/L; threshold >20 U/L). Other autoantibodies (antinuclear anti-
bodies, antibodies to extractable nuclear antigens, antineutrophil
cytoplasmic autoantibodies) and cryoglobulins were not detected.
Complement, IgG, IgA, IgD, IgE, C1 esterase inhibitor, and tryptase
levels were normal. A skin biopsy disclosed neutrophilic urticaria
vasculitis. Chronic infections (Helicobacter pylori, HIV, hepatitis B
and C), occult cancer, leukemia, multiple myeloma, Waldenstrom
macroglobulinemia, and lymphoma were excluded by laboratory
tests, sonographic examination, chest radiograph, magnetic reso-
nance imaging of the abdomen, endoscopy of the upper and lower
gastrointestinal tract, and bone marrow analysis. Splenomegaly
and lytic bone lesions were not present. The patient responded to
high-dose prednisolone treatment, but attempts to taper the dose be-
low 40 mg/d were followed by reoccurrence of urticaria, fever, pol-
yarthralgia, and an increase of the erythrocyte sedimentation rate.
However, addition of the soluble IL-1 receptor antagonist anakinra
(100 mg/d subcutaneously) resulted in complete clinical remission
within 1 day. Remission has been sustained and prednisolone dis-
continued with daily anakinra injections on follow-up for >2 years.
An attempt by the patient to taper down anakinra to injections every
other day was followed by a recurrence of the skin lesions, which
rapidly disappeared after reintroduction of daily application.

Considering the hypothesis of autoinflammation and the pivotal
role of IL-1 in Schnitzler syndrome,” sequencing of the NLRP3
gene from PBMCs of our patient was performed. The VI98M
mutation was disclosed (Fig 1), which has been known as one of
the gain-of-function mutations causing the so-called cryopyrin-
associated periodic syndromes (cryopyrinopathies) in infants.*>

NLRP3 encodes neuronal apoptosis inhibitory protein, MHC
class II transcription activator, HET-E and telomerase-associated
protein [NACHT], leucine-rich repeat [LRR] and pyrin contain-
ing-domain protein 3 (NALP3), also called cryopyrin, an intracel-
lular pattern-recognition receptor mediating monocyte and
macrophage IL-1[3 secretion in response to a heterogeneous group
of exogenous and host danger signals including microbial and host
DNA, amyloid-f3, adenosine triphosphate, and monosodium urate
and calcium pyrophosphate dehydrate crystals.(”8 On sensing dan-
ger signals, NALP3 is activated by postulated unfolding from an
autorepressed form, then forming oligomers, and recruiting cas-
pase-1 via adaptor molecules (apoptosis-associated speck-like
protein containing a CARD [ASC], CARD inhibitor of NFkB-
activating ligands [CARDINAL]). The activated caspase-1 in
this oligomer-complex coined NALP3 inflammasome cleaves
pro—IL-1p to convert it into active IL-1B.°

To study IL-1P secretion in our patient, PBMCs were isolated
from blood obtained at the end of a voluntary 60-hour interval
between anakinra doses. At that time, a relapse of urticaria had
occurred, which rapidly resolved within hours after resuming
anakinra treatment. Fractionation of PBMCs by CD14 positivity
(a marker of monocytes) was performed by using CD14 microbeads
(Miltenyi Biotec, Bergisch-Gladbach, Germany) as described by
the manufacturer. The spontaneous IL-1a and IL-1f3 secretion from
both CD14-positive and CD14-negative PBMC:s of the patient was
below the limit of determination of the ELISA (<1 pg/mL,
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METHODS

Subjects

For a case-control study of AD, 376 independent patients with AD (age
16-64 years; mean, 29.7 years) were recruited. AD was diagnosed in subjects
according to the criteria of Hanifin and Rajka.F' All patients had pruritus, a
typical appearance of AD, and a tendency toward chronic or chronically re-
lapsing dermatitis. Control subjects for the case-control study were 923
healthy adults (age 19-78 years; mean, 46.2 years) with no history of any al-
lergic disease. The subjects were the same in our previous study.** A full ver-
bal and written explanation of the study was given to patients and controls, and
subjects who gave informed consent participated in this study. This study was
approved by the Committee of Ethics of the University of Tsukuba.

Genotyping of FLG null mutations

Genomic DNA was extracted from whole-blood samples by using a
DNA-isolation kit (QuickGene-810R; Fuji, Tokyo, Japan). The 3321delA
genotype was determined by sizing a fluorescently labeled PCR fragment on
an Applied Biosystems 3100 DNA Sequencer (Applied Biosystems, Foster
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City, Calif) as described previously.E3 S2554X, S2889X, and S3296X were
genotyped on a TagMan Assay-by-Design system for single nucleotide poly-
morphism genotyping (Applied Biosystems). The accuracy of genotyping was
confirmed by using direct sequences/restriction fragment length polymor-
phism analysis™ of samples obtained from all carriers and selected noncar-
riers of the FLG null mutations.
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TABLE E1. AD case-control study

Genotype count
(frequency, %)

Polymorphism Population* Genotyped (%) AA Aa aa Genotypic P value* Allelic P valuet Odds ratio (95% Cl){
3321delA AD 97.3 356 (97.3) 10 (27) 0 (0) .077 .079 2.1 (0.9-4.9)
Controls 99 902 (98.7) 12 (1.3) 0 (0)
AA Aa aa
S2554X:* AD 99.7 365 (97.3) 10 (27) 0 (0) .0012 .0012 5.0 (1.7-14.8)
Controls 100 918 (995 5 (0.5 0 (0
AA Aa aa
S2889X AD 97.6 346 (943) 21 (5.7) 0 (0 .0058 .0063 2.27 (1.25-4.14)
Controls 100 899 (97.0) 24 (3.0) 0 (O
AA Aa aa
S3296X AD 98.7 369 (995 2 (05 0 (0 .82 .82 0.83 (0.17-4.12)
Controls 100 917 (993) 6 (0.7) 0 (0)
Combined AA Aa aa
(4 null mutations) AD 93.4 308 (87.7) 43 (12.3) 0 (0) .000011 .000016 2.57 (1.67-3.97)
Controls 99 867 (949) 47 (5.1) 0 (0)

AA, Wild-type for the mutation; Aa, heterozygote for the mutation; aa, homozygote for the mutation or a compound heterozygote for mutations.
*Genotypic P value was calculated with X test in comparison with wild-type homozygote versus minor allele heterozygote plus minor allele homozygote.
tAlleleic P values were calculated with X test in comparison with genotype and allele counts in controls, respectively.

10dds ratio for the wild-type homozygote versus minor allele heterozygote and minor allele homozygote.
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