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Single-nucleotide polymorphism (rs11204981)
in filaggrin gene and its functional significance
for asthma among children with eczema
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The aim of this study was to determine whether SNP in filaggrin gene and expression of filaggrin mRNA
in buccal epithelium are associated with childhood eczema and with the phenotype of childhood eczema
combined with asthma. Genotyping for FLG (rs11204981) was performed in the following populations:
patients with asthma (n = 99); ages 5-18 years (8 + 2.1), and control group (n = 98); ages 5—18 years
(12 +2.1) by using Real-time PCR. Level of mRNA expression was estimated by using reverse transcription
and following real-time PCR. It was found out that 5.05 % of patients and 2.02 % of control group had
minor allele (AA; P>0.05), 27.27 % and 36.36 % of patients and control group, respectively, had hetero-
zygous allele (GA; P>0.05) and 67.68 % and 61.62 % had major allele (GG) (P>0.05). Variants with the
AA-genotype of the FLG rs11204981 were found to be 2.5 times more frequently among patients than in
control group. We also found out that the level of mRNA FLG expression in GG-genotype is 22.8 + 11.67
(P>0.05 compared to AA-genotype), 92.95 + 35.3 in GA genotype (P<0.05compared to GG-genotype) and
21.8+13.4in AA genotype (P>0.05 compared to GA-genotype). Thus, heterozygous variant has significantly
higher expression of filaggrin in buccal epithelium. We suggest that SNP in FLG (rs11204981) may serve
as an important predictive marker for the combined eczema plus asthma phenotype, and that the highest
level of expression in heterozygous may have a protective role in developing allergy phenotype.
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INTRODUCTION ment of atopic dermatitis [3]. Genetic variants
(SNPs) in FLG also confer risk for the associ-
ated allergic diseases such as asthma [4-8].
Researches highlighted the importance of skin
barrier function in the pathogenesis of atopic
diseases and have motivated a surge in research
characterizing the filaggrin-deficient skin bar-
rier and its consequences. This reduction in
barrier function may allow the development of
inflammation due to the increased penetration
of allergen through the skin allowing IgE sen-

Eczema is a chronic inflammatory skin condition
commonly associated with other atopic diseases,
such as asthma. Genetic variants in epidermal
proteins, such as filaggrin, are thought to play a
critical role in the development of eczema and
have been associated with the combination of
eczema plus asthma [1].

Filaggrin is a major structural protein in the
stratum corneum involved in the terminal dif-

ferentiation of the epidermis and formation of
the skin barrier [2]. The filaggrin gene (FLG)
is located within the epidermal differentia-
tion complex, a region on chromosome 1q21.
Mutations in the filaggrin gene are the most
significant known genetic factor for the develop-

sitization. Studies of functional significance of
genetic variants in FLG showed that this gene
is likely to contribute to mechanisms by which
a quantitative reduction in intracellular filag-
grin (MRNA expression) levels results in the
paracellular barrier defects [9].
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We hypothesized that polymorphism
rs11204981 in promoter region of FLG would
be associated with childhood eczema and with
the eczema plus asthma phenotype. To test
this hypothesis, we examined differences in
the frequency of this SNP between children
without allergic pathology (control group) and
children with eczema plus asthma and estimated
that variants with the AA genotype of the FLG
rs11204981 were at 2.5 times more frequent
among patients than in control group. Functional
analysis of this SNP showed that mRNA FLG
expression in heterozygous is 4 times higher
than GG-genotype (P<0.05) and 4.3 times higher
than AA genotype (P>0.05).

METHODS

The control group included 98 children aged 5
to 18 years (12 + 2.1) without allergic disease
at the time of examination or history. Children
in the control group had negative skin prick test
and\or normal spirography results as well as
negative data on the presence of allergic diseases
in parents and close relatives.

The study included patients with asthma (n=
99); ages 5-18 years (8 = 2/1). All children had
symptoms of asthma, eczema or symptoms of
eczema in anamnesis, allergic rhinitis, or at least
one positive skin prick test result to a panel of 15
aeroallergens. Skin prick tests were carried out
and interpreted by Global Allergy and Asthma
European Network protocol, developed by us-
ing a common panel of inhalant allergens based
on published practice guidelines, the European
Academy of Allergy and Clinical Immunology
(EAACI) Position Paper, the Nordic standards
and the International Study of Asthma and Al-
lergies in Childhood (ISAAC) phase II protocol.
The research included children 5 to 18 years of
age from subspecialty department at Kiev Chil-
dren’s Hospital and control subjects from the
general population. All procedures performed
in study were in accordance with the ethical
standards of the O.Bogomolets National Medical
University ethical committee and with the 1964

4

Helsinki declaration and its later amendments.
Parents signed an informed consent prior to their
inclusion in the study.

Outcome measures

The definition of eczema was adapted from a
validated questionnaire (ISAAC) and included a
parental report of the child’s scratching and red-
ness, “raised bumps” or dry skin/scaling during
the childhood. Cases with eczema included chil-
dren with a physician’s diagnosis or a parental
report of eczema. Physical examination findings
are considered to be consistent with eczema
including erythema, papulation, excoriations,
and/or lichenification. Testing for asthma were
performed; the definition included a parental
report of persistent wheezing (=2 wheezing
episodes that is not associated with a cold or
upper respiratory tract infection), spirometry (a
reduced FEV, and FEV /FVC ratio, positive test
with B,-agonists), increased IgE level, positive
skin prick tests with aeroallergens (Table 4).

Selection of SNP

An SNPrs11204981 in FLG, which was located
in promoter region, was selected for genotyp-
ing, as it hypothetically can affect expression of
FLG mRNA and is reported to be common in
European populations.

DNA and RNA extraction

Buccal epithelium was taken by using buccal
brushes with the following freezing of samples
and their storage at -20°C. DNA for genotyping
was extracted from the samples by using Isogene
kits (Russian Federation) according to manufac-
turer’s protocol. RNA was extracted from buccal
epithelium samples by using phenol-chloroform
extraction. The concentration of total DNA and
RNA was determined by using a NanoDrop
spectrophotometer ND1000 (NanoDrop Tech-
nologies Inc., USA).

qPCR Genotyping
Amplification reactions were performed by us-
ing a 7500 Fast Real-time PCR System (“Ap-
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plied Biosystems”, USA) in a final reaction
volume of 20 pul, which contained 2X TagMan
Universal Master Mix (“Applied Biosystems”,
USA), assayC 1792560 10 and the template
cDNA. The thermal cycling conditions involved
a denaturation step at 95°C for 20 s, followed by
40 cycles of amplification at 95°C for 3 s and
60°C for 30 s. Analysis of the data was carried
out with 7500 Fast Real-Time PCR Software.

Reverse transcription and real-time PCR
RNA was reverse transcribed with random
hexamer primers by using the RevertAid First
Strand cDNA Synthesis Kit (“Thermo Scien-
tific”, USA). Single-strand obtained from cDNA
was used for real-time PCR. Gene expression of
FLG was determined by using the TagMan gene
expression assay (Hs 00856927 gl, Applied
Biosystems, USA). The pairs of forward and re-
verse primers for the genes indicated above and
the TagMan probes for the target mRNAs were
designed based on the human mRNA sequence
by “Applied Biosystems”. Gene expression
in each probe was normalized to B-actin, as a
housekeeping gene, by using TagMan B-actin
control reagent (FAM Probe). The thermal cycles
of PCR amplification were the following: initial
denaturation step at 95°C for 20 s, and treatment
at 95°C for 3 s and 60°C for 30 s (45 cycles) with
the use of 7500 Fast Real-Time PCR (“Applied
Biosystems”). Analysis of the data was carried
out with 7500 Fast Real-Time PCR Software.

Median age (years) (n=99)

Sex ratio (% male) (n=99)

Mean SCORAD (CI) (n=51)

Median total IgE, kUel-1 (IQ) (n=24)

AD prevalence (n=99)

FEV1, % (n=76)

FEV1/FVC ratio (n=76)

FEV1 improvement after salbutamol (n=76)

Genotyping

We found that SNP was in Hardy-Weinberg
equilibrium. Our main results are as follows:
5.05 % of patients and 2.02 % of control group
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Statistical analysis

y* test was performed to investigate if there was
any difference in the frequency of the genotype
and allele between the asthma patient group
and the normal control group. A P-value of less
than 0.05 (P<0.05) was considered statistically
significant. Frequency distribution of genotypes
was analyzed by using Pearson chi-square test
with Excel 2010 software. SNPAnalyzer (web-
based software) was used to examine Hardy-
Weinberg equilibrium.

RESULTS

100% of children have atopic dermatitis in his-
tory, 35.35 % of children have manifestations
of atopic dermatitis in the form of rashes, dry
skin, peeling, pruritus, lichenification during
last year. 80.81% had mild severity on a scale
SCORAD, 20.20 % — average severity. Other
concomitant allergic pathology was determined
in 46 % of children (allergic rhinitis, food al-
lergy). 72.73 % of children were in a state of
exacerbation of asthma, manifested in wheezing
and cough (of which 60.61 % had mild exacer-
bation severity, 39.39 % had moderate sever-
ity of exacerbation), 28.28 % of children had
remission. 60.61 % of patients had decreased
FEV, (<80%), 34.34 % had positive test with
B,-agonist.

Characteristics of the patients with atopic
dermatitis and asthma:

Value

8+2.1

57.6%

20 (16 — 24)

821.4 (42 — 8000)
35%

76.4 (28.64 — 117.8)
106.74 (84.4 — 118.39)
12.5 (0.4 — 87.2)

had minor allele (AA; P> 0.05 by y’—test,
OR — 2.28 (95%CI 0.42-1.2), 27.27 % and
36.36 % of patients and control group, respec-
tively, had heterozygous allele (GA; P> 0.05 by

5



Single-nucleotide polymorphism (rs11204981) in filaggrin gene and its functional significance for asthma

y>—test, OR — 1,69 (95% C10.92-3.1) and 67.68
% and 61.62 % had major allele (GG; P>0.05
by y’—test). Variants with the AA-genotype of

the FLG rs11204981 were found to be 2.4 times
more frequent among patients than in control
group (Tables 1-3, Fig 1, 2).

Table 1. Odds ratio for co-dominant inheritance model in children with asthma. Odds ratios with 95% confidence intervals.

Genot Genotype (n) Odds Ratio and 95% CI
€eno (S S Rat10o an

P Control Patients ’
GG 61 67 1 (ref)
GA 36 27 1.69 (0.92-3.1)
AA 2 5 2.28 (0.42-12.2)

Table 2. Odds ratio for dominant inheritance model in children with asthma. Odds ratios with 95% confidence intervals.

Genot Genotype (n) Odds Ratio and 95% CI
€eno c S rRat1io an

P Control Patients ’
GG 61 67 1
GA/AA 38 32 0.77 (0.43-1.38)

Table 3. Odds ratio for recessive inheritance model in children with asthma. Odds ratios with 95% confidence intervals.

Genot
enotype Patients
GG/GA 97
AA 2
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Fig. 1 Allelic discrimination plot for real time PCR results
detecting the homozygous genotype GG, heterozygous GA
and homozygous AA. Minor allele (AA) was present at
5.05 % of patients, 27.27 % had heterozygous allele (GA) and
67.68 % had major allele (GG)

Genotype (n)

Odds Ratio and 95% CI

Control
94 1
5 2.58(0.49-13.62)

FIG expression

We also found that the level of mRNA FLG ex-
pression in GG-genotype is 22.8 = 11.67 (P>0.05
compared to AA-genotype), 92.95 £ 35.3 in
GA-genotype (P<0.05 compared to GG-geno-
type) and 21.8 £ 13.4 in AA genotype (P>0.05
compared to GA-genotype). Thus, heterozygous
variant has significantly higher expression of
filaggrin in buccal epithelium (Fig 2).
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Fig.2 Messenger ribonucleic acid expression depending on
FLG genotype
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DISCUSSION

Evidence from the literature has established that
epidermal barrier function plays a critical role in
eczema and possibly in the phenotype of eczema
plus asthma. The combination of eczema plus
asthma may represent a distinct endophenotype
with unique pathogenic and prognostic impli-
cations. Identification of risk factors that may
modify the risk of asthma among children with
eczema is important. In addition, improved un-
derstanding of the relationship between eczema
and asthma may provide mechanistic insights
into the pathogenesis of asthma. We explored the
relationship of childhood eczema plus asthma
with epithelial protein encoded on 1qg21 as
well as with data from RNA expression studies
and allele frequency differences in asthmatic
populations. We demonstrated a possible con-
nection between an SNP in FLG and eczema plus
asthma among children. The AA genotype of the
rs11204981 SNP conferred an approximately
2.5 times increased risk for eczema plus asthma
phenotype. Findings for RNA filaggrin expres-
sion in buccal epithelium appear to be related
to FLG polymorphism. Thus FLG polymorphism
may affect filaggrin expression in the skin.

In this article, we determined the frequency
of the rs11204981 SNP and showed that minor
allele occurs 2.4 times more frequently among
patients, although there was no statistical sig-
nificance. Association of genotype with clinical
parameters also was not established previously.
Some researchers demonstrated association of
an increased risk of developing atopic derma-
titis with other FLG polymorphisms. In par-
ticular, positive associations of rs2184951 and
rs12730241 [6] with asthma and allergic diseases
were determined. Polymorphism rs11204981 has
been widely studied in the European population
and therefore was chosen by us for this research.

However, in the study of the expression level
of the filaggrin mRNA we were able to show that
this polymorphism is functional and affects the
expression of filaggrin. mRNA FLG expression
in heterozygote is 4 times higher than common
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homozygous genotype (P<0.05) and 4.3 times
higher than homozygous risk genotype (P>0.05).

CONCLUSIONS

Our research has demonstrated functional sig-
nificance of heterozygote genotype of FLG
polymorphism, thus suggesting that this poly-
morphism may have a predictive value in the
development of asthma and eczema affecting
the expression of that gene. Thereby, polymor-
phisms in FLG may independently serve as useful
markers to predict the development of asthma
among children with eczema.

0.B. Mapauk!, O.B. Emens’, 1.0. CrpoiiZ, O.I1.
Bouocosens!, C.IT1. Kpusonycros!, B.€. Jocenxo?

OYHKIIOHAJIBHE 3HAYEHHA OAHO-
HYKJIEOTHUAHOT O MOJIMOP®I3ZMY
(RS11204981) B 'EHI ®IIATPIHY (FLG) AJA
JIKYBAHHA BPOHXIAJIBHOI ACTMH Y
JIITEX 3 ATOINTYHUM JTEPMATHUTOM.

MeToro HaIoro IOCIHiHKeHHs OyI0 BU3HAYUTH 3B’ S30K OITHO-
HYKJICOTHIHOTO TIONiMOpdi3My B TeHi (imarpiny i excnpecii
tioro MPHK B OykamsHOMYy emiTenii Ta ¢peHOTHIIOM OpOHXI-
aJbHOI aCTMU 3 CYIYTHIM aTOIYHUM JIEPMATHTOM Y HiTEH.
lenotunyBanus ¢inarpiny (rs11204981) npoBoxumu B Tpyri
XBOPHX 3 OpOHXIAIBHOIO acTMOI0 (n=99) BikoM 5-18 pokiB (8
+ 2,1 pokiB) 1 KOHTpOIBHIH Tpymi (1=98) BikoM 5—18 pokis (12
+ 2,1 pokiB)3a IOMOMOTOI0 MOMIMEPA3HOi JIAHIIFOTOBOT peaKiii
(IVIP) y peamsrOMy Haci. PiBens excnpecii MPHK ominroBamm
3 BUKOPHUCTAHHIM 3BOPOTHOI TpaHCKpHUIIIil Ta HacTymHOI [1JIP
y peanbHOMY 4aci. Mu BusBIH, O y 5,05 % marieHTiB 1 y
2,02 % 3n0poBuX AiTelt OyB MiHOpHHMI anedbHMI BapiaHT (AA),
27,27136,36 % BiMOBITHO Ma TeTePO3UTOTHHUI aenb (GA),
67,68 161,62 % — maxxoprwuit anens (GG). Bapiantu 3 reHoTH-
oM AA 3 1511204981 FLG BusiBrincs B 2,4 paza gacrime y
TIALIEHTIB, HK y KOHTPOJBHIK rpymi. Hamu Oyro BHsBIICHO, IO
piBens excripecii MPHK ¢inarpiny y mamienTiB 3 GG-reHOTHIIOM
craHoBuTb 22,80+11,67 (P>0,05 mopiBHAHO 3 TeHOTHIIOM AA),
92,95435,30 B GA-reHoruri (P<0,05 mopisastHO 3 GG-reHoTH-
mom) 121,80+13,40 y rerorumi AA (P>0,05 mopisastHO 3 GA-Te-
HOTUTIOM). TaKuM YHHOM, TETEPO3UTOTHUI BapiaHT Ma€ 3HAYHO
BHILLY €KCIIPECIIO (imarpiHy B eTiTeNii CIIM30B0i 000JIOHKH pOTa.
Mu BBaxkaeMo, 110 oniMopdizm y TeHi FLG (1s11204981) moxe
OyTH Ba)KJIMBHM IIPOTHOCTUYHHM MapKepoM A (hEHOTHITY
OpOHXIaIFHOT aCTMH Ta aTOIYHOTO JIEPMATHTY, 1 [0 BHCOKHUIA
PiBEHB eKcrpecii B TeTepO3UTOTHOMY CTaHI MOXKE CBITYHTH ITPO
MIPOTEKTOPHY POJIb IIOTO TEHOTHUITY Yy PO3BHUTKY aJeprii.
Knro4oBi ciioBa: OqHOHYKIJICOTHAHUI TOTIMOPQi3M; (inarpin;
acTMa; TIediaTpis.
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®YHKIIMOHAJIbHOE 3HAYUEHUE OJHO-
HYKJEOTUJHOTO MOJUMOP®U3MA
(RS11204981) B TEHE ®WUJIATPHH (FLG)
JIJIS1 TEYEHWSI BPOHXUAJTBHOM ACTMBI
Y JIETE# C ATOIMMYECKUM JIEPMATH-
TOM

Llenpro Hamero McciaeloBaHUS OBLIO OMPENEIUTh CBSI3b
OJIHOHYKJICOTHIHOTO ToMMMopH3Ma B TeHe (uiiarpuHa u
sxenpeccun ero MPHK B OykkanbHOM sniutenuu u GpeHorumna
OPOHXHAIBHOI ACTMBI C COMYTCTBYIOIIUM aTOIMHYESCKUM Jep-
MaTtuToM y aeteil. [ eHotunuposanue punarpuna (rs11204981)
IPOBOJIMITH B IpyIIIie OOJIbHBIX ¢ OPOHXMAIBHON acTMOIT (n =
99) B Bo3pacte 5-18 net (8+2,1 1eT) U KOHTPONBHOH TpyTIe
(n = 98) B Bo3pacre 5-18 ner (12£2,1 ner) ¢ MOMOLIBIO T10-
nuMepasHoit nenHoi peaxunu (I1LIP) B peanbHOM BpemeHH.
VYposensb skcnpeccun MPHK oniennBanu ¢ ucnonb3oBanuem
obpaTHOW TpaHckpuniuu U nocneayroueid [P B peansb-
HOM BpeMeHU. Mbl oOHapyxunu, 4ro y 5,05% nauneHTon
1y 2,02% 310poBBIX AeTel ObLI MUHOPHBIN alenbHbIIl
BapuaHT (AA), 27,27 u 36,36% COOTBETCTBEHHO HMEIHU
rerepo3urotHeiii amens (GA), 67,68 u 61,62% — maxop-
Heii amiens (GG). Bapuantst ¢ renotunom AA rs11204981
reHa FLG oka3zanuch B 2,4 pa3a yaiie y NallMeHTOB, YeM B
KOHTPOJIBbHOU rpynrne. Hamu ObUIO BBISBIEHO, YTO YPOBEHb
skcnpeccuu MPHK ¢unarpuna y nanmenTtoB ¢ GG-reHOTHIIOM
cocrapisier 22,80+11,67 (P>0,05 o cpaBHEHHUIO C TEHOTHIIOM
AA), 92,95+£35,30 B GA-renorurne (P<0,05 no cpaBHeHHIO ¢
GG-renorunom) u 21,80+13,40 B renotune AA (P>0,05 no
cpaBHenuto ¢ GA-reHorunom). Takum 06pa3om, reTepo3UroT-
HBIIl BApPUAHT HMEET 3HAYUTENILHO OoJiee BHICOKYIO AKCIIpec-
cuio (uIarpuHa B SMUTEIHH CIM3UCTON 000109KH pTa. MbI
cumrtaem, 4to noauMophusm B rene FLG (rs11204981) moxer
OBITh Ba)KHBIM IPOTHOCTHYECKUM MapKepoM Juts (eHoTumna
OpOHXHATIBHOI ACTMBI U aTOMTMYECKOTO AEPMATUTA, U BEICOKHI
YPOBEHb 3KCIPECCHH B FETEPO3UTOTHOM COCTOSHUHM MOXKET
CBUJIETEIIHLCTBOBATH O MPOTEKTOPHOMN POJIM 3TOrO FEHOTHUIIA B
Pa3BUTHU AJUICPTHN.

KittoueBbie €10Ba: OJHOHYKJICOTHHBIH NOIUMOP(U3M;
(bunarpuH; acTMa, meauaTpusl.
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