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Abstract

Mutations in FLG coding profilaggrin cause ichthyosis vulgaris and are an impor-
tant predisposing factor for atopic dermatitis. Until now, most case—control
studies and population-based screenings have been performed only for prevalent
mutations. In this study, we established a high-throughput FLG mutation detec-
tion system by real-time PCR with a set of two double-dye probes and conducted
comprehensive screening for almost all of the Japanese-population-specific FLG
mutations (ten FLG mutations). The present comprehensive screening for all ten
FLG mutations provided a more precise prevalence rate for FLG mutations
(11.1%, n = 820), which seemed high compared with data of previous reports
based on screening for limited numbers of FLG mutations. Our comprehensive
screening suggested that population-specific FLG mutations may be a significant
predisposing factor for hay fever (odds ratio =2.01 [95% CI: 1.027-3.936,
P < 0.05]), although the sample sizes of this study were too small for reliable sub-
phenotype analysis on the association between FLG mutations and hay fever in
the eczema patients and the noneczema individuals, and it is not clear whether
the association between FLG mutations and hay fever is due to the close associa-
tion between FLG mutations and hay fever patients with eczema.

Mutations in FLG, the gene-coding profilaggrin/filaggrin, are
an important predisposing factor for atopic dermatitis (AD)
(1) and are significantly associated with asthma with AD,
mainly in the European population (2-4). The prevalence of
FLG mutations in AD patients seems to be increasing (5).

The presence of population-specific FLG mutations has
been reported in both Europeans and Asians (1, 6, 7) and
is a serious obstacle to FLG mutation screening in each
population. We established a real-time polymerase chain
reaction (PCR)-based rapid detection system for Japanese-
population-specific FLG mutations and performed high-
throughput FLG screening on 820 residents in a rural area
of Japan.

Subjects and methods

The subjects were 820 residents (284 males and 536 females)
aged 39-90 years in Yakumo, a rural town in Hokkaido,
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Japan (8) (Data S1 and Table S1). The participants were
requested to answer a questionnaire on health and daily life-
style at the occasion of the health checkup. Patients with hay
fever were defined as individuals reported to have had frequent
episodes of all three symptoms of watery eyes, running nose,
and sneezing. Patients with asthma were defined as individuals
reported to have had a history of asthma, which was diag-
nosed by physicians. This study was approved by the Ethics
Review Committee of Nagoya University Graduate School of
Medicine. Ten FLG mutations have been identified in the Jap-
anese population, nine of them found by our group (7). We
have already performed the sequencing of all the coding
regions of FLG for more than 30 Japanese families with ich-
thyosis vulgaris, to identify Japanese-specific FLG mutations
comprehensively. We expect that screening for these ten muta-
tions can detect almost all Japanese FLG mutation carriers.
Thus, the present FLG mutation screening addressed those ten
FLG mutations (Table 1). Real-time PCR-based genotyping
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Table 1 FLG genotypes in the present cross-sectional study

c.3327delA  p.Ser1695X  p.GIn1701X  p.Ser2654X  p.Ser2889X  p.Ser3296X  p.Lys4022X  p.Q1790X c.441-442delAG ~ Combined

p.Argb01Xx

Genotype

820 (1.000) 810 (0.988) 820 (1.000) 818 (0.998) 806 (0.983) 785 (0.957) 816 (0.995) 796 (0.971) 816 (0.995) 820 (1.000) 729

AA
Aa

mutations in Japanese

89
2*
820

0(0)

4 (0.005)

24 (0.029)

4 (0.005)

35 (0.043)

14 (0.017)

2 (0.002)

0 (0)

10 (0.012)

0(0)

aa

820

820

820

820

820

820

820

820

820

820

Total

5.65
n.a.

0.61 0.0 0.12 0.85 2.13 0.24 1.46 0.24 0.0

0.0

Allele freq.(a) (%)

n.a.

n.a. 0.972 0.805 0.532 0.944 0.671 0.944

0.861

n.a.

HWET test (chi-square

test, P-value)

In genotype data columns, numbers are actual measurement data and actual genotype rate in parentheses.

*These data mean compound heterozygote.

tHardy-Weinberg equilibrium.
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of the FLG mutations was performed with TagMan probe
genotyping assay (Data S1 and Table S1).

Results and discussion

Of the 820 participants, 89 individuals were heterozygous for
one of the ten FLG mutations, and two individuals were
compound heterozygous for two of the ten mutations. The
distribution of genotypes is shown in Table 1. A total of 91
individuals were carriers of one or two of the ten FLG muta-
tions. Thus, the mutant allele frequency was 0.057, and the
carrier rate was 0.111 in the present study. To confirm the
reliability of the present real-time PCR-based rapid detection
system of FLG mutations, the accuracy of genotyping was
confirmed by direct sequencing or PCR-restriction fragment
length polymorphism (RFLP) of samples obtained from all
carriers and selected noncarriers of the null mutations. As a
result, the presence of FLG mutations was confirmed by
direct sequencing or PCR-RFLP in all 93 alleles in which the
mutations were detected by the real-time PCR-based system.
We performed direct sequencing or PCR-RFLP on 220
alleles (11 individuals, ten mutations) in which no mutation
was detected by the real-time PCR-based system, and we
confirmed that no mutation was found in any of the studied
alleles. These results clearly indicate that the present real-time
PCR-based rapid detection system for the Japanese-popula-
tion-specific FLG mutations is a highly reliable screening
method for population-specific FLG mutations.

In Yakumo town, the prevalence rate of FLG mutations
was found to be relatively high (11.1%) compared with the
data of previous reports (2, 3). We do not know the exact rea-
son, but one possibility is that we studied all the Japanese-
population-specific FLG mutations that we have detected for
the last 8 years in the Japanese population, whereas the preva-
lence rates of FLG mutations in European studies were mostly
evaluated from the data of studies on only a few prevalent
mutations, for example, screening only for R501X and
2282del4, or for the five prevalent mutations in the European
population. If only the seven mutations reported in the previ-
ous study in 2009 (9) had been used in the present study, the
prevalence rate of FLG mutations in Yakumo town would
have been only 7.7%. In light of this, the higher prevalence
rate of 11.1% in the present study might be a reasonable
value. On the other hand, we cannot exclude the possibility
that the present subjects have skewed genetic backgrounds
regarding FLG mutations, because many Yakumo residents
are descendants of immigrants who moved to Yakumo from a
limited area of Nagoya city in central Japan.

According to the present data from a clinical questionnaire
given to 816 Yakumo residents, 63 individuals reported hav-
ing had frequent episodes of watery eyes, runny nose, and
sneezing, and they were considered to be putative hay fever
patients. Of the 91 individuals with FLG mutations, 12 indi-
viduals were putative hay fever patients (13.2%), and of the
725 individuals without FLG mutations, 51 were putative hay
fever patients (7.0%). Thus, FLG mutations were significantly
associated with putative hay fever (odds ratio = 2.01 [95%
CI: 1.027-3.936, P < 0.05]; Table 2).

© 2014 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd
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Table 2 Prevalence of history of asthma, watery eyes, and runny nose (n = 820) for the total group and the subgroups of individuals with
the combined genotype (n = 91) and without the combined genotype (n = 729)

Individuals with

Individuals without

History All individuals% (n) FLG mutations% (n) FLG mutations% (n) OR 95% CI P-value
Asthma 6.6 (54/815) 10 (9/90) 6.2 (45/725) 1.68 0.792-3.561 0.129
Watery eyes 20.8 (170/817) 22 (20/91 20.7 (150/726) 1.08 0.638-1.833 0.431
Runny nose 25.9 (211/816) 24.2 (22/91 26.1 (189/725) 0.90 0.544-1.502 0.403
Watery eyes and runny nose 9.1 (74/816) 14.3 (13/91 8.4 (61/725) 1.81 0.954-3.451 0.056
Putative hay fever (watery eyes, 7.7 (63/816) 13.2 (12/91 7 (61/725) 2.01 1.027-3.926 0.038

runny nose, sneezing)

Concerning asthma, of the 90 individuals with FLG muta-
tions, nine individuals had asthma history (10.0%), and of
the 725 individuals without FLG mutations, 45 had asthma
history (6.2%). Thus, asthma history was not significantly
associated with FLG mutations (odds ratio = 1.68 [95% CI:
0.792-3.561, P = 0.129]; Table 2). This result, that is, nonsig-
nificant association of general asthma with FLG mutations, is
consistent with previous data by case—control study (4, 10).
However, in the present study, we think that the association
between the FLG mutations and asthma was maybe not sig-
nificant, due to the reduced sample size and power.

Weidinger et al. (11) reported that, independent of eczema,
FLG mutations confer a substantial risk for allergic rhinitis.
Contrasting reports suggest that the significant association
observed between FLG mutations and hay fever may be due
to the close association between FLG mutations and patients
with both hay fever and eczema (10, 12). As for asthma, the
significant association between the FLG mutations and
asthma was thought to be due to the close association
between FLG mutations and asthma patients with eczema
(10-12), although there is a report that suggests a significant
association between FLG mutations and eczema-free asthma
patients (13). In light of this, we tried to perform subpheno-
type analysis to clarify the connection between FLG muta-
tions and hay fever/asthma in the eczema patients and the
noneczema individuals. However, in these subphenotype
analyses, the sample sizes were too small, and we were
unable to obtain reliable data (Data S2). Thus, it is not clear
whether the association between FLG mutations and hay
fever in the present study is due to the close association
between FLG mutations and hay fever patients with eczema.

A number of case—control studies have addressed the asso-
ciation of FLG mutations with asthma and hay fever (2-4,
10, 11). However, the number of studies among the general
population is limited, and previous studies were performed
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Data S1

Subjects

The subjects were residents (39 years or older) of Yakumo, arura town in Hokkaido,

Japan, who attended a health checkup program in 2005 or 2006 (8). Of these, 820

residents (284 males and 536 females) aged 39 to 90 years who agreed to have their

residual blood used for DNA analysis and whose DNA samples were successfully

extracted were included in the present study. Genotype analysis was performed for 820

individuals. However, some individuals did not answer one or more questions. Thus, the

total numbers of individualsincluded in each statistical test were not equal.

This study was performed according to The Declaration of Helsinki Principles and

the ethics policies of the ingtitution. The participants were requested to answer a

guestionnaire on health and daily lifestyle on the occasion of a health checkup. Written

informed consent to provide lifestyle information and residual blood for DNA analysis

was obtained.

Real-time PCR-based genotyping of FLG mutations

Ten FLG mutations have been identified in the Japanese population, 9 of which were

found by our group (7). We have aready performed sequencing of al the coding regions

of FLG for more than 30 Japanese families with ichthyosis vulgaris, to comprehensively



characterize Japanese-specific FLG mutations. We expect that screening for these 10

mutations can detect amost all Japanese FLG mutation carriers. Thus, in the present FLG

mutation screening, we studied the 10 FLG mutations (Table 1). Real-time PCR-based

genotyping of the FLG mutations was performed with TagMan probe genotyping assay.

Genomic DNA was extracted from buffy coat conserved at -80 °C using BioRobot EZ1

(Qiagen, Tokyo, Japan). Real-time PCR-based genotyping of the FLG mutations was

performed with TagMan probe genotyping assay according to the manufacturer's

instructions (Roche Diagnostics, Basel, Switzerland). To detect an allele of each mutation,

a set of two TagMan probes labeled with a fluorescent dye (FAM or CAL Fluor Orange

560) and a quencher dye (BHQ-1), and sequence-specific forward and reverse primers

were synthesized by Biosearch Technologies (Novato, CA). The sequence of assay

probes/primers is shown in Table S1. Real-time PCR was performed with a LightCycler

480 system |11 384 plate (Roche Diagnostics) in a final volume of 5 pl containing 2x

LightCycler 480 Probes Master (Roche Diagnostics), 200 nM probes for wild type and

mutant each, and 500 nM forward and reverse primers each, with 5 ng genomic DNA as

the template. The thermal conditions were the following: 95 °C for 10 min, followed by

40 cycles of 95°C for 10 s, 60 °C for 60 sand 72 °C for 1 s, with afinal cooling at 40 °C

for 30 s. Endpoint fluorescence was measured for each sample well. Afterward,

genotyping was performed using endpoint genotyping analysis of LightCycler 480



software.

Data S2

Sub-phenotype analysis

We performed sub-phenotype analysis to clarify the association between FLG

mutations and hay fever in the eczema patients, and the association between FLG

mutations and hay fever in the non-eczema individuals. Unfortunately, for the

association between FLG mutations and hay fever in the eczema patients, the sample

size of individuals with both hay fever and eczema was so small that we were unable to

perform statistical analyses. For the associ ation between FL G mutationsand hay fever in

the non-eczemaindividual's, sub-phenotype analysiswas possible. It showed that evenin

the non-eczema individuals, hay fever was significantly associated with FLG mutations

(odds ratio=2.53 [95% CI: 1.148-5.576, p=0.022]). However, in this sub-phenotype

analysis, the number of hay fever cases was very small and we were unable to conclude

that hay fever is associated with FLG mutations independently of eczema.

As for asthma, we aso performed sub-phenotype analysis to clarify the association

between FLG mutations and asthma in the eczema patients, and the association between

FL G mutations and asthmain the non-eczemaindividuals. No significant association was

found between FL G mutations and asthmain the eczema patients (odds ratio=1.83 [95%



Cl: 0.507-6.570, p=0.350]), or between FLG mutations and asthma in the non-eczema

individuals (odds ratio=1.53 [95% CI: 0.616-3.804, p=0.355]).”



Table S1. The sequence of assay probes/primers

Mut at i on Pri mer/ Probe Sequence
FLG 1501. F GCACTGGAGGAAGACAAGGATC

c.1501CT FLG 1501. R TCCTCATTTCGIGITTGICTGC
FLG 1501C wi | d FAM AGGCACGAGACAGCTCCAGGC- BHQL
FLG 1501T_nut CFO- CAGGCATGAGACAGCTCCAGGC- BHQL
FLG 5084. F ACCAGCAGT CAGCAGACAGC

c. 5084C>G FLG 5084. R CTGACTCTTCTGAGTGTCCCTCG
FLG 5084C wi | d FAM CCACAGACT CAGGCACTGGEC- BHQL
FLG 5084G_nut CFO- CCACAGACTGAGGCACTGGEGEC- BHQL
FLG 5101. F GTCAGCAGACAGCTCCACAGAC

c.5101CG FLG 5101.R CTGACTCTTCTGAGTGTCCCTCG
FLG 5101C wi | d FAM TGGGYGCAGACAAGATTCATCTG BHQL
FLG 5101T_nut CFO- CACTGGGYGCAGATAAGATTCATCTG BHQL
FLG 7661. F GCTCCAGGCACTCAGGGTC

c.7661CG FLG 7661. R TGGATCCCCAGITCCTCCT

FLG 7661C wi I d

FAM CCCTCTGATTGT CCCTGGEMCC- BHQL

FLG 7661G_nut

CFO- CCCTCTCATTGTCCCTGGMCC- BHQL

c. 8666_7CC>CGA

FLG 8666- 7. F

CTCAGGGTCGCGTCACC

FLG 8666-7. R

CTCTCAGAGTICTTCTGAATGTCCCT

FLG 8666- 7CC_wi | d

FAM CCTGGCTMACACTGGATCCCTG- BHQL

FLG 8666- 7GA_nut

CFO- TCCTGGECTMACACTTCATCCCTG- BHQL

FLG 9887. F TGGTGGACAGGCTGCATC
c 0B87TCA FLG 9887. R AAGCYTGTCCACGCGGA
' FLG 9887C wi I d FAM ACAGGCAAGAT CAAGT CCAGGAGAGA- BHQL
FLG 9887A_nut CFO- TGAACAGGCAAGATAAAGT CCAGGAGAG BHQL
FLG 12064. F AGACACTCTCAGCACGGAAGTGT
FLG 12064. R GCCACATAAACCTGGGTCCTTA
c. 12064A>T =

FLG 12064A wi | d

FAM CCTTGGATGATCTTTACCAAACGCACT- BHQL

FLG 12064T_nut

CFO- CCTTGGATGATCTTAACCAAACGCACT- BHQL

c. 441 2del AG

FLG 441-2. F

AAGGGAATAAGGGAAGATCCAAGA

FLG 441-2. R

CTTAGCCTCTTCCTATTGICTCCTAATCT

FLG 441-2AG wi I d

FAM CAAGAGAAACAGGGEGEGAAAAGEC- BHQL

FLG 441- 2del _nut

CFO- CAAGAGAAACGGGGEGAAAAGGCA- BHQL

FLG 3321. F2 AGGOCAT GGACAGEATGG
o 3321del A FLG 3321. R2 CTCACCTGGTAGATGAAAGACCCT
FLG 3321A wi | d2 FAM CGTGACTGGT CAGGGGGAAGGT G- BHQL
FLG 3321del _mut 2 CFO- ACGTGACT GGT CGGGGGAAGGT - BHQL
FLG 5368. F CACAGGGOCCAGCACTG
FLG 5368. R ACCGATTGCTCATAGTGGGATC
c. 5368C>T FLG 5368C wi | d FAM AGGAAGACAAAGATCCOGCCACG: BHQL
FLG 5368_mut CFO- AGGAAGATAAAGAT CCCGOCACGAG: BHQL

CFO: CAL Fluor Orange 560
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