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Research of the FLG mutation in various ethnic groups revealed non-overlapping mutation
patterns. In addition, Japanese and Chinese atopic patients showed somewhat different
mutations. These ethnic differences make the research on Korean patients mandatory;
however, no systematic research on Korean atopic dermatitis (AD) patients has been
performed. This study aims to investigate the genetic polymorphism of FLG in Korean
atopic dermatitis patients. The study was made up of three groups including 9 Ichthyosis
vulgaris (IV) patients, 50 AD patients and 55 normal controls: the ichthyosis group was
incorporated due to the reported association between the FLG mutation and IV. In
comparison to other sequencing methods, the overlapping long-range PCR was used. We
revealed the genetic polymorphism of filaggrin in Koreans, and at the same time, we
discovered nonsense mutations in p.Y1767X and p.K4022X in Korean AD patients. By
using FLG sequencing techniques confirmed in this study, new mutations or genetic
polymorphisms with ethnic characteristics would be detected and further larger studies of
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repeat number polymorphisms could be performed.
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INTRODUCTION

Filaggrin, a histidine-rich cationic protein that is a decomposi-
tion product of profilaggrin, is one of the major components of
keratohyaline granule. The name filaggrin (filament-aggregat-
ing-protein) is derived from its nature to aggregate keratin fila-
ments (1). Within the stratum corneum, filaggrin monomers
become incorporated into the lipid envelope, responsible for
the skin barrier function. Alternatively, these proteins interact
with keratin intermediate filaments. Filaggrin undergoes fur-
ther processing in the upper stratum corneum to release free
amino acids as natural moisturizing factors (2). Trans-urocanic
acid, formed from histidine released from filaggrin, absorbs ul-
traviolet radiation and protects against thymine dimer forma-
tion in keratinocytes. Pyrrolidone-5-carboxylic acid (PCA) is
the other main breakdown product of filaggrin and together
these organic acids help to maintain the pH gradient of the epi-
dermis as evidenced by a higher surface pH in filaggrin null mu-
tation carriers. The ‘acid mantle’ of the stratum corneum has a
well-known antimicrobial effect (3).

The profilaggrin/filaggrin gene (FLG) resides on chromosome
1921 and consists of three exons. Exon 3 is extremely large (> 12
kb) and encodes most of the profilaggrin polypeptide with 10-
12 repeats, which are almost completely homologous (4). There
is a unique “repeat number” polymorphism of FLG, related to
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the above-mentioned repeats. FLG encodes 10 highly homolo-
gous and only slightly genetically different FLG units, but the
exact number encoded can vary, with individuals harboring 10,
11, or 12 monomers. The differences are attributable to possible
repeats of subunits 8 or 10 or both. It has been suggested that
the number of FLG repeats can relate to a dry skin phenotype;
i.e., fewer repeats may lead to less FLG protein expression and
drier skin (5,6).

Mutations in FLG have recently been identified as the cause
of the common genetic skin disorder ichthyosis vulgaris (IV;
OMIM no. 146700), the most prevalent inherited disorder of
keratinization. The main characteristics of IV are xerosis, scal-
ing, keratosis pilaris, palmar and plantar hyperlinearity, and a
strong association with atopic disorders (7,8). Interestingly, a
strong association between these FLG null alleles and atopic
dermatitis (AD) has also been firmly established (9).

Additional studies demonstrated that identification of FLG
null alleles is an indicator of a poor prognosis in AD, predispos-
ing patients to a form of eczema that starts in early infancy and
persists into adulthood (10,11). Highly significant association of
the FLG null mutations with eczema and concomitant asthma
have been replicated. Moreover, several studies reported that
these mutations predispose carriers to asthma, allergic rhinitis,
and allergic sensitization in the presence of eczema (12). Re-
cent studies hypothesized that the damage to the skin barrier
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caused by FLG mutations allows allergens to penetrate into the
epidermis and subepithelial tissues and to interact with antigen
presenting cells, known as Langerhans cells and dermal dendrit-
ic cells, which might further initiate the Th2 immune response
and lead to the development of systemic allergies, including al-
lergic rhinitis and atopic asthma (13).

Interestingly, there is significant ethnic differences in the FLG
mutation. Akiyama reported most FLG mutations are specific
to each population, such as European, Japanese, Singaporean
Chinese, and Taiwanese (14). Major differences exist in the spec-
tra of FLG mutations observed between different ancestral groups.
Prevalent FLG mutations are distinct in both the European and
the Asian populations. Only two mutations, R501X and E2422X
were found in both European and Asian populations among 27
reported FLG mutations (14).

There are more differences between Japanese and Chinese
than there are similarities among Asians (15). So, it is likely there
will be different FLG polymorphisms in Koreans. However, cur-
rently, there are only a few studies about FLG polymorphisms
in Korea, and systematic studies have not been carried out (16).
Therefore, we have identified FLG polymorphisms in Korean
AD patients using overlapping long-range PCR.

MATERIALS AND METHODS
Study population
The study was made up of three groups including 9 IV patients,

50 AD patients and 55 normal controls. IV was diagnosed by bi-
opsy and physical examination, and AD was diagnosed on the

Table 1. PCR primers used for FLG mutation analysis

basis of a skin examination by experienced dermatologists, us-
ing the criteria of Hanifin and Rajka.

Blood sampling and extraction of genomic DNA

We took participants’ blood samples in EDTA tubes and pro-
cessed them immediately or after refrigeration at a temperature
of 4°C. We used G-DEX™ IIb genomic DNA extraction kit (iN-
tRON Biotechnology, Seongnam, Korea) for extracting genomic
DNA from whole blood, and proceeded as follows.

We centrifuged at 2,000 g for 5 minutes after mixing 300 pL
whole blood with 900 pL RBC lysis buffer, and then discarded
the supernatant, leaving just a small amount of the cell pellet.
We shook well causing the karyocytes to float. After adding 300
UL cell lysis buffer and 1.5 pL. RNase A solution, we soaked the
tubes in a 37°C water bath. Once the tubes returned to room
temperature, we added 100 pL protein precipitation buffer and
centrifuged at 2,000 g for 5 minutes. Using the supernatant, we
made a genomic DNA pellet by inverting the container gently
with 300 pL 100% isopropanol. After centrifuging at 2,000 g for 3
minutes, we discarded the supernatant, leaving the genomic
DNA pellet. We then resuspended the pellet by gently inverting
the container with 300 pL 70% ethanol and centrifuged again.
After discarding the supernatant and drying the pellet for 10-15
minutes, we dissolved the dried genomic DNA pellet with 50 pL
DNA rehydration buffer and stored at -20°C.

The purity of the DNA was checked by 260/280 optical densi-
ty using a Nanodrop ND-1000® Spectrophotometer (Thermo
Fisher Scientific, Wilmington, MA, USA).

Genomic DNA fragment  Product size, bp Start-end position

Exon 1 381 -195-170 (Intron 1)
Exon 2 431 9,471 (Intron 1)-32 (Intron 2)
Exon 3 (0-1) 1,710 616 (Intron 2)-1,629 (R01)
Exon 3 (0-3) 2,462 1,318 (R00)-3,779 (RO3)
Exon 3 (3-5) 1,916 3,646 (R03)-5,561 (R05)
Exon 3 (4-7) 2,609 5,099 (R04)-7,707 (RO7)
Exon 3 (7-8) 1,224 7,196 (R06)-8,419 (R08)
Exon 3 (7-9) 2,079/3,051 7,669 (R07)-9,747 (R09)
Exon 3 (9-10) 1,367 9,160 (R08)-10,526 (R11)
Exon 3 (10) 1,753/2,728 10,195 (R10)-11,947 (R11)
Exon 3 end 781 11,765 (R11)-12,545

PCR primers Annealing temperature, °C
Forward  5-CGT GAG GAA GCT GGG AAG TA-3° 60.0
Reverse  5-TTATGC CCT CAT TTT CCT TCT-3°
Forward  5-CTA CTA AGT CCA GCT GTA AGT G-3° 60.0
Reverse  5-GCT CTATCT TTG GTC TTG TCA G-3°
Forward  5-GCT GAT AAT GTG ATT CTGTCT G-3' 60.1
Reverse  5-GAC CCC GAT GAT TGT TCC TGT-3'
Forward  5-CAC GGA AAG GCT GGG CTG A-3° 67.2
Reverse  5-GAC CCC GAT GAT TGT TCC TGT-3"
Forward  5-GCA AGC AGA CAA ACT CGT AAG-3’ 65.0
Reverse  5-ACA TCA GAC CTT TCC TGG GAC-3° 66.0
Forward  5-GAC AAG ATT CAT CTG TAG TCG-3' 59.9
Reverse  5’-CTG GCT AAA ACT GGA TCC CCA-3 60.0
Forward ~ 5-CCA CAC GTG GCC GGT CAG CA-3° 65.0
Reverse  5-CTA CCG AAT GCT CGT GGT GGT-3' 66.0
Forward  5-CCC AGG ACA AGC AGG AAC T-3° 61.8
Reverse  5-GTG CCT TGA CTG CTC CTG AA-3°
Forward  5-GAA ACG TCT GGA CAT TCA GGA-3' 65.0
Reverse  5-GCT TCATGG TGA TGC GAC CA-3° 66.0
Forward  5-GCC CAT GGG CGG ACC AGG A-3° 65.0
Reverse  5-CTG CAC TAC CAT AGC TGC C-3 66.0
Forward  5-CTA GTA CCG CTA AGG AAC ATG G-3 60.0
Reverse  5-TGG CTC CTT CGA TAT TTC TGA-3"

Positions are numbered with reference to ORF (open reading frame). ‘R’ means repeat, thus for example RO1 means that the position located on repeat 1.
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Polymerase chain reaction (PCR)

We basically followed the recently reported “overlapping long-
range PCR” method (17), but we transformed some of the ex-
perimental conditions. TaKaRa LA Taq™ polymerase (Takara
Shuzo Co. Ltd., Shiga, Japan) was used as the DNA polymerase
for PCR reactions. PCR reactions using GeneAmp PCR system
2700 (Applied Biosytems, Princeton, NJ, USA) were processed
under the following conditions: 1U LA Tag™ polymerase, 500
ng genomic DNA, 10 pmol forward/reverse primers, 0.5 pL 2.5
mM dNTP, 2U 10X LA Taq buffer II (Takara Shuzo Co. Ltd., Shi-
ga, Japan), and 2 pL 5X BD (Solgent Co. Ltd., Daejeon, Korea)
were mixed, and 3X distilled water was added to a final volume
of 20 uL. Amplified PCR product was observed with electropho-
resis in 0.8% agarose gel.

Exon 1 Exon 2

We modified each PCR reaction because each amplified ge-
nomic DNA fragmentation used different PCR primers. Each
PCR reaction is shown in Table 1.

DNA sequencing

After amplified genomic DNA fragments were purified with the
QIAquick PCR purification kit (Qiagen, Valencia, CA, USA), se-
quences were determined by an Applied BioSystems 3100/3700
DNA sequencer (Applied Biosytems). Reaction conditions for
DNA sequencing were as follows: after denaturing at 96°C for 1
minute, and 25 cycles of 96°C for 10 seconds, 50°C for 5 seconds,
and 60°C for 4 minutes, the reaction was finalized at 10°C for 10
minutes. Several forward/reverse sequencing primers were used,
depending on the size of Genomic DNA fragment.

Exon 3
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Fig. 1. Strategy used in this study for mutation detection for FLG. Newly designed DNA fragments are indicated by red color. As shown in the results of electrophoresis, most

DNA fragments were successfully amplified.
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Statistical analysis

We conducted y” test for confirming the frequency differences
of genotypes and alleles between AD patients and normal con-
trols, and to determine clinical relevance. Student’s t-test was
conducted for checking the differences in biophysical measure-
ments. We judged that P < 0.05 was statistically significant in all
cases.

Ethics statement

Informed consent was obtained from all patients. The study was
reviewed and authorized by Chung-Ang University institutional
review board, No. C2009022 (209).

RESULTS

Establishing the methodology of FLG DNA sequencing

We tried to follow the reported “overlapping long-range PCR”
method for confirming FLG polymorphisms and mutations,
but modifications were necessary in most reaction conditions.
Annealing temperature was changed for optimum conditions
in numerous PCR reactions, and frequently, a 2nd PCR reaction
was required to amplify a second band. We summarized these
in Table 1.

We established the reaction conditions of PCR and sequenc-
ing for most DNA fragments through trial and error; particularly
problematic were exon 3 (1-3) and exon 3 (7-10). Exon 3 (1-3)
was the longest DNA fragment with 3,697 bp. We got a single-
band product with suitable size by PCR reaction, but sequenc-
ing did not progress smoothly. For this reason, we did sequenc-

ing analysis by dividing exon 3 (1-3) into two fragments, exon 3
(0-1; 1,710 bp) and exon 3 (0-3; 2,462 bp). In the case of exon 3
(7-10), the PCR reaction with the reported forward & reverse
primers did not work well. With rescaled primers, we produced
the desired PCR product and used it to conduct sequencing anal-
ysis (Fig. 1).

With shotgun method, Sasaki et al. reported the presence of
distinct copy-number variants in Japanese (designated as A, B,
and C), and distinct differences in single nucleotide polymor-
phism (SNP) among them (18). We could detect A, B, C variant
which had been reported in Japan, but could not detect Bs vari-
ant with repeat number 10. Meanwhile, we identified new sub-
type, which had similar SNP pattern with A variant but had 11
repeat numbers with one more repeat on repeat 8. We called it
A. A have 11 repeat number like C variant but had similar SNP
pattern with A variant, so we could divide A’ and C by compar-
ing sequence.

FLG polymorphism in IV, AD patients

We studied 9 IV patients and their families. Among the 8 families,
one family included both father and son with IV, AD and allergic
asthma. We checked FLG sequencing in both father and son,
and detected a nonsense mutation, pY1767X (= ¢.5301C>G)
which confirmed previously in Korean IV patients (Fig. 2) (19).
The mother in this family was heterozygous for p.K4022X (= c.
12064A>T), which had been reported in Japan (20). The son, as
an index case, also had p.K4022X, so he was a compound het-
erozygote with two simultaneous mutations. The mother of this
index case uniquely had no allergic disease, including AD, as

m ¢.5301C>G ¢.12064A5T
w cceTCTITCCTCTASCaceTCRCCacT LT TTe R TR ARG ATEATY
Heterozygote Heterozygote F \ '\ * | Father v N )
- P.Y1767X(c.5301C>6) - pKA022X(c12084AT) | ."‘.{ YN FYY Ty AAMAANN /\ f \/
A:U“ ‘W\ ‘M'\ Wr N\J_ ) J:/\
b B R R AARRETAR] TWATNATNE;
V| AR , * Son ' J\ j\ ‘
AD | AS \ ’ A @ e afn \ ‘
ottt VWU
CGTCTTTCCTCTACCAGGTGAGCACT i ) TRAAGATCAT
b ’ . Mother ' A A, .‘
safta Ml i.ada AN \ A A \ |
lohbshnttld B
Wild type Compound heterozygote
-p.Y1767X(c.5301C>G)
-p.K4022X(c.12064A>T)

Fig. 2. Novel mutation p.Y1767X in Korean ichthyosis vulgaris family. Also note the known mutation, p.K4022X, in the mother and the index case. Each quadrant was assigned

to represent phenotypes.
IV, ichthyosis vulgaris; AD, atopic dermatitis; AS, asthma; AR, allergic rhinitis.
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Table 2. Comparison of FLG repeat number polymorphism between normal control and atopic dermatitis patients

Genotypes Alleles
Groups
AA BB cC AB AC BC ABs A B C Bs
Control (Korean) 3(0.05) 21(0.39) 0(0.00) 22(0.40) 3(0.05 6(0.11) 0(0.00) 31(0.28 70(0.65 9(0.07) 0(0.00)
Atopic patients (Korean) 11022 17(0.34) 0(0.00 16(0.32) 2(0.04) 4(0.08 0(0.00) 40 (0.40) 54(0.54) 6(0.06) 0(0.00)
Atopic patients (Japanese)* 3013 4(0.17) 2(0.08 9(.38) 2(0.08 2(0.08 2(0.08) 19(0.40) 19(0.40) 8(0.17)  2(0.03)
To compare Japanese data, A’ was incorporated into A. Numerics in parentheses denote the frequency of corresponding genotype or allele.
*Adapted from Sasaki et al., J Dermatol Sci 2008 (18).
Table 3. Clinical characteristics of carriers of FLG mutation
. Past medical history o
Mutations Cases Sex/Age AD Onset IgE Family history
1% AS AR
p.Y1767X #1=IV4 M/7 o 2 585 o [} o AD, AS, AR
#2=Father of V4 M/44 ] 0 NC o [} X AD, AS, AR
p.K4022X #3=IV4 M/7 o 2 585 o o X AD, AS, AR
#4=Mother of IV4 F/40 x NA NA x X X AD, AS, AR
#5=IV8 F/32 o 20 1800 o X o AS, AR
#6=Brother of IV8 M/25 x NA NA x X o AD, AS, AR
#7=AD35 M/31 o 0 1560 x X o AS

AD, atopic dermatitis; IV, ichthyosis vulgaris; AS, asthma; AR, allergic rhinitis; NC, not checked; NA, not applicable.

well as no IV.

Another index case, a female with AD and allergic rhinitis,
was homozygous for p.K4022X. Though her younger brother
was also homozygous for p.K4022X, he didn’t have IV and AD,
but did have severe allergic rhinitis.

We detected no more mutations in other families, but we
could confirm 120 SNPs by comparison with the FLG reference
sequence (FLG RefSeqGene; NG_016190.1), and 63 of them
were unreported new SNPs (Supplementary Table 1). Repeat
number polymorphisms were related with 105/120 SNPs. It
deemed as expressing genetic character of Korean FLG, because
among remnant 15 SNPs, ¢.10783 (T>C) in repeat 10 and 7th
(A>G), 310th (C>T), and 697th (C>G) in repeat 10.2, etc. includ-
ed 100% minor allele of FLG reference sequence.

We conducted full sequencing of FLG in 50 AD patients and
55 normal control. About 120 SNPs of IV patients, we compared
if the frequency of genotype and allele would be different be-
tween AD patients and normal control (Table 2). The results
show there were many statistically different SNP loci, and these
loci, except ¢.975G>A, were most concerned with repeat num-
ber polymorphism. Bases of variant B and C were especially
same and these were seem to be statistically different with vari-
ant A and other loci; for example, in case of A/B/C = G/T/T re-
peat number variant-specific polymorphism such as ¢.995G>T
locus). These pattern was observed through nearly whole 3rd
exon (Supplementary Table 1).

Loss of function mutations of FLG in AD patients were as fol-
lows: there was one heterozygote each of pY1767X and p.K4022X,
and one compound heterozygote in an IV family with AD and
asthma, as shown previously. There were two homozygotes of
p.K4022X in a family with AD and rhinitis. We checked muta-

1140  http://jkms.org

tions for other AD patients and normal controls, and confirmed
one more heterozygote of p.K4022X in an AD patient.

In summary, we found two p.Y1767X and five p.K4022X in
AD patients and their families (one of them was a compound
heterozygote). The frequencies of all participants were 1.6% for
pY1767X and 4.3% for p.K4022X. Interestingly, p.K4022X was
found in 3 patients and 2 normal controls, while pY1767X was
found only in AD patients. Table 3 shows the clinical character-
istics of patients with mutations and their families.

DISCUSSION

AD is not a simple genetic disease but a multicausative disease
(21). Therefore, assuming that IV is a monogenic disease with
an effect on AD susceptibility, we have studied 9 Korean fami-
lies with IV and identified 2 FLG mutations. Our research plan
included full sequencing of FLG, considering that there was no
systematic study of FLG in Korea and there were obvious differ-
ences between ethnic groups in previously reported studies. In
addition, we have shown that these genes would be associated
with genetic predisposition to AD in Korea.

In comparison to other sequencing methods, the overlap-
ping long-range PCR used in this study was more economical
in time and cost, but was limited in its ability to produce consis-
tent PCR products. Therefore, thorough research was needed to
confirm the decoded sequence. We processed a minimum of
two courses of sequencing from two forward/reverse directions,
and a maximum of 6 reads of some overlapping sequences. We
confirmed whether decoded DNA fragments were correct by
checking well-known SNP loci of FLG. Filaggrin repeats are most-
ly homologous, but the human filaggrin gene (FLG, NG_016190.1)

http://dx.doi.org/10.3346/jkms.2016.31.7.1136
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has some variation among repeats, unlike the mouse filaggrin
gene (Flg, NC_000069.5) (22). After designing suitable PCR prim-
ers, we amplified DNA fragments under optimum conditions
and processed them rigorously several times to confirm the se-
quences. Therefore, we were able to establish a method to se-
quence the full length of FLG, overcoming previously mentioned
limits.

Recent study showed that the percentage of mutations in the
FLG gene was 74% and 43% in patients with isolated IV and pa-
tients with AD-associated IV, respectively (23). Although we de-
tected no more mutations in other families, but we could con-
firm 120 SNPs by comparison with the FLG reference sequence.
The frequency of mutation is very less while that of SNP (as it is
considered polymorphism) is relatively high, and all types of
SNPs can have an observable phenotype or can result in disease.

The characteristics of the Korean FLG loss-of-function muta-
tion are as follows: First, the mutation was found primarily in
families with personal and familial histories of IV and atopic dis-
eases. It is expected that there will be additional detection of mu-
tations through concentration on research of families with famil-
ial histories in the near future. Second, a mutation, pY1767X,
was related to early onset and severe symptoms, which last un-
til adulthood, and severe AD with other atopic diseases, such as
asthma. This suggests that loss-of-function by this mutation caus-
ed decreased production of filaggrin and abnormal function of
the skin barrier, thus the typical progression of AD, with early
onset, long standing and respiratory atopy, might be explained.
Third, p.K4022X, showed a different pattern than pY1767X. Two
of five carriers (mother of p.Y1767X index case, brother of p.
K4022X index case) have no history of IV or AD. The mother, as
a heterozygotic carrier of p.K4022X, did not have any allergic
disease, including allergic rhinitis. Previous research in Japan
showed that p.K4022X, although located almost at the end of
the FLG 3rd exon, caused problems in post-translational pro-
cessing and resulted in loss of normal function. They contend-
ed that this mutation contributes like the other mutations lo-
cated in the beginning of the gene (20). However, in our study,
we demonstrated that some carriers of p.K4022X had no symp-
toms of AD and IV and a homozygous index female patient with
AD showed a different disease pattern (late onset, mild symp-
tom, etc.). We expect that clinical significance of p.K4022X would
be confirmed through an additional and larger study.

Following the article reporting methodological breakthrough
on the full-sequencing of the gene encoding FLG, associations
between loss-of-function mutations of FLG and atopic derma-
titis were reported across ethnicities (14). However, both the
low prevalence of FLG mutations in AD patients in some nation
(< 4% in Italian) and high prevalence of FLG mutations in heal-
thy control in other nation (~10% in Irish) suggest that factors
other than FLG mutation may be at-work (4,24). So we further
conducted analysis of copy number variation (CNV) in Kore-

http://dx.doi.org/10.3346/jkms.2016.31.7.1136

ans, in order to examine the role of CNV in Korean AD patients.

In conclusion, by using FLG sequencing techniques con-
firmed in this study, new mutations or genetic polymorphisms
with ethnic characteristics would be detected and further larger
studies of repeat number polymorphisms could be performed.
New biomarkers related to prognosis and treatment can be dis-
covered by the fusion of research of clinical and genetic data.
While pharmacologic interventions that directly target filaggrin
are a long way from clinical application, personalized medicine
may be possible in the future with rapid genetic testing for filag-
grin mutations and SNPs.

DISCLOSURE
The authors have no potential conflicts of interest to disclose.

AUTHOR CONTRIBUTION

Concept and design: Park KY, Li K, Seo SJ. Data collection and
analysis: Park KY, Li K, Seo SJ. Interpretation of the data and
critical review: Park KY, Li K, Seok J, Seo SJ. Writing draft: Park
KY, Li K, Seok J, Seo SJ. Revision: Park KY, Li K, Seok J, Seo S]J.
Approval of final manuscript and agreement of submission: all
authors.

ORCID
Kui Young Park http://orcid.org/0000-0001-5965-1754
Kapsok Li http://orcid.org/0000-0002-1333-1680

Joon Seok http://orcid.org/0000-0002-8016-8385
SeongJun Seo http://orcid.org/0000-0003-2915-839X

REFERENCES

—

. Dale BA, Presland RB, Lewis SP, Underwood RA, Fleckman P. Transient
expression of epidermal filaggrin in cultured cells causes collapse of in-
termediate filament networks with alteration of cell shape and nuclear
integrity. J Invest Dermatol 1997; 108: 179-87.

2. Thyssen JP, Kezic S. Causes of epidermal filaggrin reduction and their role

in the pathogenesis of atopic dermatitis. J Allergy Clin Immunol 2014;

134:792-9.

Gruber R, Elias PM, Crumrine D, Lin TK, Brandner JM, Hachem JP, Pre-

sland RB, Fleckman P, Janecke AR, Sandilands A, et al. Filaggrin genotype

in ichthyosis vulgaris predicts abnormalities in epidermal structure and

function. Am J Pathol 2011; 178: 2252-63.

4. Brown SJ, Kroboth K, Sandilands A, Campbell LE, Pohler E, Kezic S, Cordell

H]J, McLean WH, Irvine AD. Intragenic copy number variation within fil-

12

aggrin contributes to the risk of atopic dermatitis with a dose-dependent
effect. J Invest Dermatol 2012; 132: 98-104.

5. Gan SQ, McBride OW, Idler WW, Markova N, Steinert PM. Organization,
structure, and polymorphisms of the human profilaggrin gene. Biochem-
istry 1990; 29: 9432-40.

http://jkms.org 1141



JKMS

Park KY, et al. * Filaggrin Polymorphism in Korean Atopic Dermatitis Patients

6. Ginger RS, Blachford S, Rowland J, Rowson M, Harding CR. Filaggrin re-
peat number polymorphism is associated with a dry skin phenotype. Arch
Dermatol Res 2005; 297: 235-41.

7. McGrath JA, Uitto J. The filaggrin story: novel insights into skin-barrier
function and disease. Trends Mol Med 2008; 14: 20-7.

8. Smith FJ, Irvine AD, Terron-Kwiatkowski A, Sandilands A, Campbell LE,
ZhaoY, Liao H, Evans AT, Goudie DR, Lewis-Jones §, et al. Loss-of-func-
tion mutations in the gene encoding filaggrin cause ichthyosis vulgaris.
Nat Genet 2006; 38: 337-42.

9. Palmer CN, Irvine AD, Terron-Kwiatkowski A, ZhaoY, Liao H, Lee SP, Gou-
die DR, Sandilands A, Campbell LE, Smith FJ, et al. Common loss-of-func-
tion variants of the epidermal barrier protein filaggrin are a major predis-
posing factor for atopic dermatitis. Nat Genet 2006; 38: 441-6.

10. Barker N, Palmer CN, Zhao Y, Liao H, Hull PR, Lee SP, Allen MH, Meggitt
SJ, Reynolds NJ, Trembath RC, et al. Null mutations in the filaggrin gene
(FLG) determine major susceptibility to early-onset atopic dermatitis that
persists into adulthood. J Invest Dermatol 2007; 127: 564-7.

11. Flohr C, England K, Radulovic S, McLean WH, Campbel LE, Barker J, Per-
kin M, Lack G. Filaggrin loss-of-function mutations are associated with
early-onset eczema, eczema severity and transepidermal water loss at 3
months of age. Br ] Dermatol 2010; 163: 1333-6.

12.van den Oord RA, Sheikh A. Filaggrin gene defects and risk of developing
allergic sensitisation and allergic disorders: systematic review and meta-
analysis. BMJ 2009; 339: b2433.

13. Hsu CK, Akiyama M, Shimizu H. Filaggrin: an emerging star in atopic
march. J Formos Med Assoc 2008; 107: 429-31.

14. Akiyama M. FLG mutations in ichthyosis vulgaris and atopic eczema:
spectrum of mutations and population genetics. Br ] Dermatol 2010; 162:
472-7.

15. Park J, Jekarl DW, Kim Y, Kim J, Kim M, Park YM. Novel FLG null muta-
tions in Korean patients with atopic dermatitis and comparison of the
mutational spectra in Asian populations. ] Dermatol 2015; 42: 867-73.

16. Kang TW, Lee JS, Oh SW, Kim SC. Filaggrin mutation c.3321delA in a Ko-

1142  http://jkms.org

rean patient with ichthyosis vulgaris and atopic dermatitis. Dermatology
2009; 218: 186-7.

Sandilands A, Terron-Kwiatkowski A, Hull PR, O'Regan GM, Clayton TH,
Watson RM, Carrick T, Evans AT, Liao H, Zhao Y, et al. Comprehensive
analysis of the gene encoding filaggrin uncovers prevalent and rare mu-

1

~

tations in ichthyosis vulgaris and atopic eczema. Nat Genet 2007; 39: 650-
4.

18. Sasaki T, Kudoh J, Ebihara T, Shiohama A, Asakawa S, Shimizu A, Takay-
anagi A, Dekio I, Sadahira C, Amagai M, et al. Sequence analysis of filag-
grin gene by novel shotgun method in Japanese atopic dermatitis. J Der-
matol Sci 2008; 51: 113-20.

19. Kim EJ, Jeong MS, Li K, Park MK, Lee MK, Yoon Y, Cho DY, Seo SJ. Genet-
ic polymorphism of FLG in Korean ichthyosis vulgaris patients. Ann Der-
matol 2011; 23: 170-6.

20. Nemoto-Hasebe I, Akiyama M, Nomura T, Sandilands A, McLean WH,
Shimizu H. FLG mutation p.Lys4021X in the C-terminal imperfect filag-
grin repeat in Japanese patients with atopic eczema. Br ] Dermatol 2009;
161:1387-90.

. Spergel JM, Paller AS. Atopic dermatitis and the atopic march. J Allergy
Clin Immunol 2003; 112: S118-27.

22. McKinley-Grant L], Idler WW, Bernstein IA, Parry DA, Cannizzaro L, Croce
CM, Huebner K, Lessin SR, Steinert PM. Characterization of a cDNA clone
encoding human filaggrin and localization of the gene to chromosome
region 1q21. Proc Natl Acad Sci USA 1989; 86: 4848-52.

23.LiM, Cheng R, Shi M, Liu J, Zhang G, Liu Q, Yu H, Yao Z. Analyses of FLG
mutation frequency and filaggrin expression in isolated ichthyosis vul-
garis (IV) and atopic dermatitis-associated IV. Br ] Dermatol 2013; 168:
1335-8.

24. Cascella R, Foti Cuzzola V, Lepre T, Galli E, Moschese V, Chini L, Mazzanti
C, Fortugno P, Novelli G, Giardina E. Full sequencing of the FLG gene in
Italian patients with atopic eczema: evidence of new mutations, but lack
of an association. J Invest Dermatol 2011; 131: 982-4.

2

[t

http://dx.doi.org/10.3346/jkms.2016.31.7.1136



Park KY, et al. * Filaggrin Polymorphism in Korean Atopic Dermatitis Patients JKMS

Supplementary Table 1. Genetic polymorphism of FLG in Korean atopic dermatitis patients

: SNP SNP* Genotype frequency Allele frequency
Location Change HGCO Code AA HUGO (NCB) WB/0) i ™ " E A . P
Repeat 0 c.9756G>A GCG>GCA p.=(325A) New None 0.89 0.11 0.00 0.028 0.94 0.06 0.030
1.00 0.00 0.00 1.00 0.00

Repeat 0 €.995G>T GGC>GTC  p.G332V  rs41267154 G/T/T 0.06 0.45 0.49 0.025 0.28 0.71 0.043
0.24 0.46 0.40 0.42 0.58

Repeat 0 €1236T>C CGT>CGC p.=(412R) rs11582620 None 0.82 0.18 0.00 0.801 0.91 0.09 0.810
0.84 0.16 0.00 0.92 0.08

Repeat 0 c.1330G>A GGG>AGG p.G444R  rs11588170 G/AG 0.11 0.51 0.38 0.203 0.36 0.64 0.209
0.24 0.42 0.34 0.45 0.55

Repeat 0 c.1360A>G  ACA>GCA p.T454A  rs2011331 AG/G 0.06 0.45 0.49 0.025 0.28 0.71 0.043
0.24 0.46 0.40 0.42 0.58

Repeat 1 €.1432C>T  CCT>TCT  p.P478S  rs11584340 an 0.06 0.45 0.49 0.025 0.28 0.71 0.043
0.24 0.46 0.40 0.42 0.58

Repeat 1 €.1555C>A CAC>AAC p.H519N  rs12036682 None 0.81 0.18 0.0 0.096 0.91 0.09 0.046
0.68 0.26 0.06 0.81 0.19

Repeat 1 c.2181C>A  CAC>CAA p.H727Q  rs35904544 C/C/A 0.84 0.05 0.1 0.614 0.86 0.14 0.269
0.90 0.04 0.06 0.92 0.08

Repeat 1 €.2263G>A  GAA>AAA  p.E755K 1574129461 G/A/A 0.06 0.45 0.49 0.044 0.28 0.72 0.081
0.22 0.36 0.42 0.40 0.60

Repeat 2 c.2508T>C GAT>GAC p.=(836D) rs3120653 T/C/C 0.46 0.49 0.49 0.673 0.48 0.52 0.272
0.04 0.04 0.42 0.56 0.44

Repeat 2 €.2938C>G  CAT>GAT  p.H980D  rs12756586 C/C/G 0.84 0.05 0.11 0.816 0.86 0.14 0.523
0.88 0.04 0.08 0.90 0.10

Repeat 2 c.3154A>G AGA>GGA p.R1052G New None 0.98 0.02 0.00 0.604 0.99 0.01 0.606
0.96 0.04 0.00 0.98 0.02

Repeat 3 €.3387T>C  TCT>TCC p.=(1129S) rs9436067 T/C/C 0.46 0.06 0.49 0.673 0.48 0.52 0.272
0.54 0.04 0.42 0.56 0.44

Repeat 3 €.3397C>T CGG>TGG p.R1133W New None 0.98 0.02 0.00 0.604 0.99 0.01 0.606
0.96 0.04 0.00 0.98 0.02

Repeat 3 c.3500C>G GCA>GGA p.A1167G  rs7530018 C/G/G 0.46 0.06 0.49 0.673 0.48 0.52 0.272
0.54 0.04 0.42 0.56 0.44

Repeat 3 c.3574G>A GGG>AGG p.G1192R New None 0.96 0.04 0.00 1.000 0.98 0.02 1.000
0.96 0.04 0.00 0.98 0.02

Repeat 3 c.4079G>A CGC>CAC p.R1360H rs11586631 G/A/G 0.11 0.51 0.38 0.203 0.36 0.64 0.209
0.24 0.42 0.34 0.45 0.55

Repeat 3 c.4126A>G AGA>GGA p.R1376G rs11581433 AG/G 0.06 0.45 0.49 0.025 0.28 0.72 0.043
0.24 0.36 0.40 0.42 0.58

Repeat 4 c.4410T>C  CAT>CAC p.=(1470H) rs12732920 T/T/C 0.84 0.16 0.00 0.586 0.92 0.08 0.600
0.88 0.12 0.00 0.94 0.06

Repeat 4 c.4445C>A  TCC>TAC p.S1482Y rs11204978 C/AC 0.11 0.51 0.38 0.203 0.36 0.64 0.209
0.24 0.42 0.34 0.45 0.55

Repeat 4 c.4452C>G GAC>GAG p.D1484E rs71626706 C/C/G 0.84 0.16 0.00 0.586 0.92 0.08 0.600
0.88 0.12 0.00 0.94 0.06

Repeat 4 c.4568C>T  ACA>ATA  p.T15231  rs12750081 C/C/T 0.84 0.16 0.00 0.586 0.92 0.08 0.600
0.88 0.12 0.00 0.94 0.06

Repeat 4 c.4867C>T CGG>TGG p.R1623W New None 1.00 0.00 0.00 0.105 1.00 0.00 0.106
0.94 0.06 0.00 0.97 0.03

Repeat 4 c.5051G>A CGC>CAC p.R1684H rs12407807 G/NG 0.11 0.51 0.38 0.203 0.36 0.64 0.209
0.24 0.42 0.34 0.45 0.55

Repeat 4 €.5095C>T CGC>TGC p.R1699C  rs12405278 C/1/C 0.11 0.51 0.38 0.203 0.36 0.64 0.209
0.24 0.42 0.34 0.45 0.55

Repeat 5 c.5414C>T  GCG>GTG p.A1805V  rs12405241 C/1/C 0.11 0.51 0.38 0.203 0.36 0.64 0.209
0.24 0.42 0.34 0.45 0.55

Repeat 5 c.5617C>A  CAASAAA  p.Q1873K  rs62623409 C/C/A 0.84 0.16 0.00 0.586 0.92 0.08 0.600
0.88 0.12 0.00 0.94 0.06

Repeat 5 ¢.5671C>T CGG>TGG p.R1891W  rs36006086 C/C/T 0.84 0.16 0.00 0.586 0.92 0.08 0.600
0.88 0.12 0.00 0.94 0.06

Repeat 5 €.5672G>A CGG>CAG p.R1891Q rs12407748 G/A/G 0.11 0.51 0.38 0.203 0.36 0.64 0.209
0.24 0.42 0.34 0.45 0.55

Repeat 5 c.5883C>A CAC>CAA p.H1961Q rs3126079 C/NVA 0.05 0.46 0.49 0.025 0.28 0.72 0.043
0.24 0.36 0.40 0.42 0.58

(Continued to the next page)
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Supplementary Table 1. Continued

; SNP SNP* Genotype frequency Allele frequency
Location Change HGCO  Code AA HUGO (NCB) WB/0) m P o o q . o
Repeat 5 €.6045C>A  GAC>GAA p.D2015E rs71626704 C/C/A 0.84 0.16 0.00 0.586 0.92 0.08 0.600
0.88 0.12 0.00 0.94 0.06

Repeat 6 c.6498T>C TCT>TCC p.=(2166S) rs2184954 T/C/C 0.05 0.46 0.49 0.025 0.28 0.72 0.043
0.24 0.36 0.40 0.42 0.58

Repeat 6 c.6574A>C  AAASCAA  p.K2192Q New AAC 0.84 0.16 0.00 0.586 0.92 0.08 0.600
0.88 0.12 0.00 0.94 0.06

Repeat 6 c.6580T>C  TAT>CAT p.Y2194H  rs2184953 T/C/C 0.05 0.46 0.49 0.025 0.28 0.72 0.043
0.24 0.36 0.40 0.42 0.58

Repeat 6 €.6990C>T  CAC>CAT p.=(2330H) rs71626703 C/m 0.05 0.46 0.49 0.025 0.28 0.72 0.043
0.24 0.36 0.40 0.42 0.58

Repeat 6 c.7015G>A GAC>AAC p.D2339N New G/A/A 0.05 0.46 0.49 0.025 0.28 0.72 0.043
0.24 0.36 0.40 0.42 0.58

Repeat 6 €.7097G>C  AGT>ACT p.S2366T rs71625202 G/C/C 0.05 0.46 0.49 0.025 0.28 0.72 0.043
0.24 0.36 0.40 0.42 0.58

Repeat 6 ¢.7171C>T  CCC>TCC  p.P2391S New C/C/C (Bs=T)  0.96 0.04 0.00 0.496 0.98 0.18 0.499
1.00 0.00 0.00 1.00 0.00

Repeat 6 €.71926>C GAG>CAG p.E2398Q rs71625201 G/C/C (Bs=G)  0.07 0.46 0.47 0.058 0.30 0.70 0.084
0.24 0.36 0.40 0.42 0.58

Repeat 6 c.7198A>G  ACA>GCA p.T2400A New A/NA (Bs=G)  0.96 0.04 0.00 0.496 0.98 0.18 0.499
1.00 0.00 0.00 1.00 0.00

Repeat 6 €.7214C>G  GCA>GGA p.A2405G New C/C/C (Bs=G)  0.96 0.04 0.00 0.496 0.98 0.18 0.499
1.00 0.00 0.00 1.00 0.00

Repeat 6 c.7215A>G  GCA>GCG p.=(2405A) New A/A/A (Bs=G)  0.96 0.04 0.00 0.496 0.98 0.18 0.499
1.00 0.00 0.00 1.00 0.00

Repeat 6 c.7217G>A  GGA>GAA p.G2406E New G/G/G (Bs=A)  0.96 0.04 0.00 0.496 0.98 0.18 0.499
1.00 0.00 0.00 1.00 0.00

Repeat 7 €.72206>C AGG>ACG p.R2407T New G/G/G (Bs=C)  0.96 0.04 0.00 0.496 0.98 0.18 0.499
1.00 0.00 0.00 1.00 0.00

Repeat 7 €.7229G>A  CGT>CAT p.R2410H New G/G/G (Bs=A)  0.96 0.04 0.00 0.496 0.98 0.18 0.499
1.00 0.00 0.00 1.00 0.00

Repeat 7 €.7236G>A GGG>GGA p.=(2412G) New G/G/G (Bs=A)  0.96 0.04 0.00 0.496 0.98 0.18 0.499
1.00 0.00 0.00 1.00 0.00

Repeat 7 c.7330A>G  AAG>GAG p.K2444E  rs71625200 A/G/G 0.05 0.46 0.49 0.025 0.28 0.72 0.043
0.24 0.36 0.40 0.42 0.58

Repeat 7 €.7398G>A CCG>CCA p.=(2466P) rs71625199 G/G/A 0.84 0.16 0.00 0.586 0.92 0.08 0.600
0.88 0.12 0.00 0.94 0.06

Repeat 7 c.7442T>C  TTG>TCG p.L2481S  rs55650366 T/C/C 0.05 0.46 0.49 0.025 0.28 0.72 0.043
0.24 0.36 0.40 0.42 0.58

Repeat 7 €.7521C>G  CAC>CAG p.H2507Q  rs3126074 C/G/G 0.05 0.46 0.49 0.025 0.28 0.72 0.043
0.24 0.36 0.40 0.42 0.58

Repeat 7 €.7633G>A GGA>AGA p.G2545R  rs3126072 G/NA 0.05 0.46 0.49 0.025 0.28 0.72 0.043
0.24 0.36 0.40 0.42 0.58

Repeat 7 c.7956A>C GAA>GAC p.E2652D New C/INA (A=A)  0.73 0.27 0.00 0.030 0.87 0.14 0.024
0.56 0.34 0.10 0.73 0.27

Repeat 8 c.8506A>C AGT>CGT p.S2836R rs11582087 A/C/A 0.1 0.51 0.38 0.203 0.36 0.64 0.209
0.24 0.42 0.42 0.45 0.55

Repeat 8 €.8673G>T GIG>GTT p.=(2891V) New G/T/T 0.05 0.46 0.49 0.025 0.28 0.72 0.043
0.24 0.36 0.40 0.42 0.58

Repeat 8 ¢.8807A>G  GAC>GGC p.D2936G New AG/G 0.05 0.46 0.49 0.025 0.28 0.72 0.043
0.24 0.36 0.40 0.42 0.58

Repeat 8.2 8B153T>C GAT>GAC  p.=(D) New X/T/C (A=C) 0.1 0.51 0.38 0.778 0.36 0.64 0.473
0.16 0.47 0.38 0.42 0.58

Repeat 9 €.9313T>G TAC>GAC p.Y3105D  rs2065958 T/G/G 0.05 0.42 0.53 0.024 0.26 0.74 0.020
0.24 0.36 0.40 0.42 0.58

Repeat 9 €.9536T>G GTG>GGG p.V3179G  rs2065957 T/G/G 0.05 0.46 0.49 0.025 0.28 0.72 0.043
0.24 0.36 0.40 0.42 0.58

Repeat 9 €.9540A>G  TCA>TCG p.=(3180S) rs3126069 AG/G 0.05 0.46 0.49 0.025 0.28 0.72 0.043
0.24 0.36 0.40 0.42 0.58

Repeat 9 €.96456>T GIG>GTT p.=(3215V) rs9436066 G/T/T 0.05 0.40 0.55 0.023 0.26 0.75 0.013
0.24 0.36 0.40 0.42 0.58

(Continued to the next page)
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Supplementary Table 1. Continued

: SNP SNP* Genotype frequency Allele frequency
Location Change HGCO  Code AA HUGO (NCB) (WB/0) I e p” @ a . "
Repeat 9 €.9658G>C  GAC>CAC p.D3220H New None 0.96 0.04 0.00 0.421 0.98 0.02 0.427

0.94 0.08 0.00 0.96 0.04
Repeat 9 €.9792C>T  CAC>CAT  p.=(3264H) New C/C/T 0.84 0.16 0.00 0.586 0.92 0.08 0.600
0.88 0.12 0.00 0.94 0.06
Repeat 9 €.9808C>T  CGC>TGC p.R3270C New C/iem 0.84 0.16 0.00 0.586 0.92 0.08 0.600
0.88 012 0.00 0.94 0.06
Repeat 9 .9838G>C GAG>CAG p.E3280Q New None 0.98 0.02 0.00 0.604 0.99 0.01 0.606
0.96 0.04 0.00 0.98 0.02
Repeat 9 c.9966A>G  CAA>CAG p.=(3322Q) rs6681433 AG/G 0.05 0.46 0.49 0.025 0.28 0.72 0.043
0.24 0.36 0.40 0.42 0.58
Repeat9  ¢.10017G>A CAG>CAA p.=(3339Q) rs2065956 G/AG 0.11 0.51 0.38 0.203 0.36 0.64 0.209
0.24 0.42 0.34 0.45 0.55
Repeat 10 ¢.10194T>C TCT>TCC p.=(3732S) rs3091276 T/C/IC 0.05 0.46 0.49 0.025 0.28 0.72 0.043
0.24 0.36 0.40 0.42 0.58
Repeat 10 ¢.10203G>A GGG>GGA p.=(3401G)) New G/G/A 0.84 0.16 0.00 0.586 0.92 0.08 0.600
0.88 0.12 0.00 0.94 0.06
Repeat 10 ¢.10206G>C CGG>CGC p.=(3402R) New G/G/C 0.84 0.16 0.00 0.586 0.92 0.08 0.600
0.88 012 0.00 0.94 0.06
Repeat 10 ¢.10209C>A ACC>ACA p.=(3403T) New C/C/A 0.84 0.16 0.00 0.586 0.92 0.08 0.600
0.88 0.12 0.00 0.94 0.06
Repeat 10 ¢.10210A>G AGG>GGG  p.R3404G New ANG 0.84 0.16 0.00 0.586 0.92 0.08 0.600
0.88 0.12 0.00 0.94 0.06
Repeat 10 ¢.10213A>C  ACC>CCC  p.T3405P New ANC 0.84 0.16 0.00 0.586 0.92 0.08 0.600
0.88 0.12 0.00 0.94 0.06
Repeat 10 ¢.10225C>G  CGA>GGA  p.R3409G New C/C/G 0.84 0.16 0.00 0.586 0.92 0.08 0.600
0.88 012 0.00 0.94 0.06
Repeat 10 ¢.10234G>A GGA>AGA pG3412R New G/G/A 0.84 0.16 0.00 0.586 0.92 0.08 0.600
0.88 0.12 0.00 0.94 0.06
Repeat 10 ¢.10241A>G  CAC>CGC  p.H3414R New ANG 0.84 0.16 0.00 0.586 0.92 0.08 0.600
0.88 012 0.00 0.94 0.06
Repeat 10 ¢.10307G>C GGA>GCA p.G3436A  rs2065955 G/C/G 0.11 0.51 0.38 0.203 0.36 0.64 0.209
0.24 0.42 0.34 0.45 0.55
Repeat 10 ¢.10473T>C  AAT>AAC p.=(3491N) rs3126067 T/C/C 0n 0.51 0.38 0.203 0.36 0.64 0.209
0.24 0.42 0.34 0.45 0.55
Repeat 10 ¢.10491T>C GAT>GAC p.=(3497D) rs3126066 T/C/T 0.11 0.51 0.38 0.203 0.36 0.64 0.209
0.24 0.42 0.34 0.45 0.55
Repeat 10 ¢.10590G>T AGG>AGT p.R3530S  rs72697000 G/T/G 0.11 0.51 0.38 0.203 0.36 0.64 0.209
0.24 0.42 0.34 0.45 0.55
Repeat 10 ¢.10600A>T AAC>TAC  p.N3534Y  rs12732870 ANT 0.84 0.16 0.00 0.586 0.92 0.08 0.600
0.88 0.12 0.00 0.94 0.06
Repeat 10 ¢.10691G>A CGT>CAT p.R3564H  rs7518080 G/AG 0.11 0.51 0.38 0.203 0.36 0.64 0.209
0.24 0.42 0.34 0.45 0.55
Repeat 10 ¢.10702C>G  CAG>GAG p.Q3568E  rs7540123 C/G/C 0.1 0.51 0.38 0.203 0.36 0.64 0.209
0.24 0.42 0.34 0.45 0.55
Repeat 10 ¢.10703A>G CAG>CGG p.Q3568R  rs7532285 A/G/A 0.11 0.51 0.38 0.203 0.36 0.64 0.209
0.24 0.42 0.34 0.45 0.55
Repeat 10 ¢.10734C>T  CCC>CCT  p.=(3578P) New C/T/C 0.1 0.51 0.38 0.203 0.36 0.64 0.209
0.24 0.42 0.34 0.45 0.55
Repeat 10 ¢.10735A>G ACG >GCG  p.T3579A New A/G/A 0.11 0.51 0.38 0.203 0.36 0.64 0.209
0.24 0.42 0.34 0.45 0.55
Repeat 10 ¢.10736C>G ACG>AGG p.T3579R  rs3126075 C/G/C 0.1 0.51 0.38 0.203 0.36 0.64 0.209
0.24 0.42 0.34 0.45 0.55
Repeat 10 ¢.10746C>A CAC>CAA  p.H3582Q New C/NC 0n 0.51 0.38 0.203 0.36 0.64 0.209
0.24 0.42 0.34 0.45 0.55
Repeat 10 ¢.10779G>C GAG>GAC p.E3593D  rs12083389 G/C/G 0.11 0.51 0.38 0.203 0.36 0.64 0.209
0.24 0.42 0.34 0.45 0.55
Repeat 10 ¢.10783T>C TCC>CCC  p.S3595P New None 1.00 0.00 0.00 1.000 1.00 0.00 1.000
1.00 0.00 0.00 1.00 0.00
Repeat 10 ¢.10802A>G  CAT>CGT  p.H3601R New A/G/A 0.11 0.51 0.38 0.203 0.36 0.64 0.209
0.24 0.42 0.34 0.45 0.55

(Continued to the next page)
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Supplementary Table 1. Continued

: SNP SNP* Genotype frequency Allele frequency
Location Change HGCO  Code AA HUGO (NCB) WB/0) m P p” = q . 5
Repeat 10 ¢.10806T>C CAT>CAC p.=(3602H) New T/CT 0.11 0.51 0.38 0.203 0.36 0.64 0.209

0.24 0.42 0.34 0.45 0.55
Repeat 10 ¢.10807G>A GCA>ACA  p.A3604T New G/AG 0.11 0.51 0.38 0.203 0.36 0.64 0.209
0.24 0.42 0.34 0.45 0.55
Repeat 10 ¢.10813A>T  AAT>TAT  p.N3605Y New AIT/A 0.11 0.51 0.38 0.203 0.36 0.64 0.209
0.24 0.42 0.34 0.45 0.55
Repeat 10 ¢.10814A>C  AAT>ACT  p.N3605T New A/C/A 0.11 0.51 0.38 0.203 0.36 0.64 0.209
0.24 0.42 0.34 0.45 0.55
Repeat 10 ¢.10822G>C GGT>CGT  p.G3608R New G/C/G 0.11 0.51 0.38 0.203 0.36 0.64 0.209
0.24 0.42 0.34 0.45 0.55
Repeat 10 ¢.10836A>G GCA>GCG p.=(3612A) New A/G/A 0.11 0.51 0.38 0.203 0.36 0.64 0.209
0.24 0.42 0.34 0.45 0.55
Repeat 10 ¢.10872G>A GAG>GAA p.=(3624EF) New G/ANG 0.11 0.51 0.38 0.203 0.36 0.64 0.209
0.24 0.42 0.34 0.45 0.55
Repeat 10 ¢.10918T>G TCA>GCA  p.S3639A New T/G/T 0.11 0.51 0.38 0.203 0.36 0.64 0.209
0.24 0.42 0.34 0.45 0.55
Repeat 10 ¢.10976C>A TCC>TAC ~ p.S3659Y New C/AC 0.11 0.51 0.38 0.203 0.36 0.64 0.209
0.24 0.42 0.34 0.45 0.55
Repeat 10 ¢.10994G>C  AGT>ACT  p.S3665T New G/C/G 0.11 0.51 0.38 0.203 0.36 0.64 0.209
0.24 0.42 0.34 0.45 0.55
Repeat 10 ¢.11043C>A  GCC>GCA p.=(3681A) New C/AC 0.11 0.51 0.38 0.203 0.36 0.64 0.209
0.24 0.42 0.34 0.45 0.55
Repeat 10 ¢.11046C>G CAC>CAG p.H3682Q New C/G/C 0.11 0.51 0.38 0.203 0.36 0.64 0.209
0.24 0.42 0.34 0.45 0.55
Repeat 10  ¢.11050C>A CAG>AAG p.Q3684 K New C/AC 0.11 0.51 0.38 0.203 0.36 0.64 0.209
0.24 0.42 0.34 0.45 0.55
Repeat 10 ¢.11052G>A CAG>CAA p.=(3684Q) New G/AG 0.11 0.51 0.38 0.203 0.36 0.64 0.209
0.24 0.42 0.34 0.45 0.55
Repeat 10 ¢.11077C>A  CAA>AAA  p.Q3693K New C/AC 0.11 0.51 0.38 0.203 0.36 0.64 0.209
0.24 0.42 0.34 0.45 0.55
Repeat 10 ¢.11086A>G ACA>GCA p.T3696 A New A/G/A 0.11 0.51 0.38 0.203 0.36 0.64 0.209
0.24 0.42 0.34 0.45 0.55
Repeat 10 ¢.11096G>A CGG>CAG p.R3699Q New G/AG 0.11 0.51 0.38 0.203 0.36 0.64 0.209
0.24 0.42 0.34 0.45 0.55
Repeat 10 ¢.11102C>G GCA>GGA p.A3701G New C/G/C 0.11 0.51 0.38 0.203 0.36 0.64 0.209
0.24 0.42 0.34 0.45 0.55
Repeat 10 c.11103A>G  GCA>GCG p.=(3701A) New A/G/A 0.11 0.51 0.38 0.203 0.36 0.64 0.209
0.24 0.42 0.34 0.45 0.55
Repeat 10 ¢.11106G>A GGA>GAA p.G3702E New G/AG 0.11 0.51 0.38 0.203 0.36 0.64 0.209
0.24 0.42 0.34 0.45 0.55
Repeat 10.2 10B007A>G  AGA>GGA  p.R—G New None 0.00 0.00 1.00 1.000 0.00 1.00 1.000
0.00 0.00 1.00 0.00 1.00
Repeat 10.2 10B310C>T CCC>TCC  p.P—S New None 0.00 0.00 1.00 1.000 0.00 1.00 1.000
0.00 0.00 1.00 0.00 1.00
Repeat 10.2 10B697C>G  CCT>GCT ~ p.P—A New None 0.00 0.00 1.00 1.000 0.00 1.00 1.000
0.00 0.00 1.00 0.00 1.00
Repeat 10 ¢.11213G>A CGC>CAC p.R3738H New G/AG 0.11 0.51 0.38 0.203 0.36 0.64 0.209
0.24 0.42 0.34 0.45 0.55
Repeat 11 ¢.11909C>T  TCA>TTA  p.S3970L New None 0.80 0.20 0.00 0.300 0.90 0.10 0.322
0.88 012 0.00 0.94 0.06
Repeat 11 ¢.12018T>C  GTT>GIC p.=(4006V) New None 0.96 0.04 0.00 1.000 0.98 0.02 1.000
0.98 0.02 0.00 0.99 0.01
Repeat 11 ¢.12090G>T ACG>ACT p.=(4030T) New None 0.89 0 0.00 0.115 0.95 0.05 0.122
0.98 0.02 0.00 0.99 0.01

*SNP (A/B/0) represents SNP according to the repeat number polymorphism, for example, for thec.995 locus SNP (A/B/C) is G/T/T. That means repeat number polymorphic
variant A, B, Chas G, T, T for its base at the 995th position, respectively. Usually A’ follows the SNP pattern of A, Bs follows the SNP pattern of B. However, if there is discrepan-
cy between Aand A’ (or Band Bs), it is explicitly commented (See for example ¢.7956A>C. At that locus, A has cytosine, meanwhile A”has adenine for the corresponding base.
All numerics denote genotype (or allele) frequency: upper row for control group, lower row for atopic group. The exception is the column under heading ‘p’, which denotes P val-
ue of ¢ test.
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