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Purpose. To determine the frequency of interleukin-4 (IL-4) (C-589T, rs2243250) single nucleotide polymorphism in children with  Key words:
bronchial asthma (BA) and allergic rhinitis (AR) and with isolated or allergic rhinitis-induced comorbid malocclusion. gentic
polymorphism,
interleukin-4,
bronchial asthma,
allergic rhinitis,
orthodontic
pathology, children.

Materials and methods. Single nucleotide polymorphism of the IL-4 (C-589T, rs2243250) gene was analyzed in 170 children
aged between 6 and 17 years, 11 months, 29 days. Group | included 89 children with BA; Group Il consisted of 31 children with
AR; Group Ill was composed of 27 children with AR and distal occlusion (DO); Group IV comprised 23 children with malocclusion.
Genotyping was performed using a commercial “SNP-express RT” kit by real-time polymerase chain reaction method (Applied
Biosystems, USA) via TagMan®SNP Genotyping Assay on an amplifier CFX96™ Real-Time PCR Detection System (Bio-Rad
Laboratories, Inc., USA).

DNAwas isolated using a commercial DNA-express kit (“LLC Research and Production Company LITEKH”). The general, recessive Zaporozhye
and dominant models of inheritance and the odds ratios with a 95 % confidence interval were used for the analysis. The results  egical journal
analysis was conducted using the Statistica 6.0 RU licensed software package. 2019; 21 (6), 723-732

Results. IL-4 (C-589T, rs2243250) gene polymorphism in children with allergy and malocclusion living in Zaporizhzhia was an-  por:
alyzed for the first time. 10.14739/2310-1210.

2019.6.186484
The frequency of C/C — C/T — T/T genotypes registration was 69.66 % — 22.47 % — 7.87 % of cases in children with BA; 58.06 % — )
38.71 % — 3.23 % in children with AR; 62.96 % — 29.63 % — 7.40 % in AR with DO. On the contrary, in children with malocclusion, ~ *Emai:

the C/C (34.78 %) and T/T (4.35 %) genotypes were registered less frequently and the C/T genotype (60.87 %) was recorded tgsr:;irlnc”:fn@

more often as a genetic feature of the DO phenotype. ’

Conclusions. The C/C genotype of IL-4 (C-589T, rs2243250) gene was associated with bronchial asthma (OR =4.31; 95 %

Cl =1.63-11.36; P = 0.002) and allergic rhinitis (OR = 4.32 (95 % CI = 1.04-7.81; P = 0.04), in comparison with the fact that

the C/T + T/T genotype indicated a predisposition to malocclusion development.

Xapakrepuctuka nonimopdiamy reHa iHtepaenkiHy-4 (C-589T, rs2243250) Kntouosi croea:

y AiTe i3 6pOHXiaAbHOIO aCTMOLO, aA€PriUHMM PUHITOM i 3 OPTOAOHTHUHOIO NATOAOTIEID, ;it'\f’“;g:*mﬂ

fIKa i30AbOBaHa Y4 KOMOPOiAHA 3 anepriYHUM PUHITOM iHTEpAGIiKiH-4,

. . . OpoHxiaAbHa actva,

T. €. WymHa, 0. C. depoceesa, T. 1. iHueHko, C. M. Heaenbcbka, 0. B. Boznu#, 0. M. KamuwHui ANePriuHit PUHIT,

OPTOAOHTUYHa

MeTta po6oTH — BU3HAUMTI HACTOTY OQHOHYKIEOTMAHOTO NnomiMopdiamy reHa iHTepnenkiHy-4 (IL-4) (C-589T, rs2243250) y pitei
i3 GpoHxianbHoto actMoto (BA), anepriyHumM puHiTom (AP) Ta 3 OPTOLOHTUYHOI NATOMOriEt0, LLO i3011b0BaHa Yu chopmMoBaHa Ha
TI1i anepriyHoro PuHiTy.

NaTtoAOrif, AiTH.

Marepianu Ta metoau. JocnimkeHHs nonimopdiamy rena IL-4 (C-589T, rs2243250) sukoHanwn y 170 giten Bikom Big 6 go 17 ?:;;:IT::;"“

pokis, 11 micsis, 29 gHis. Y | rpyny cnoctepexenHs ysiwnu 89 aitert i3 BA; y Il rpyny — 31 autuna 3 AP; y Il rpyny — 27 fiTeidt wypuan. - 2019. -
3 AP i guctansHum npukycom; y IV rpyny — 23 AUTUHW 3 OPTOLOHTUYHOIO NATOMOriEto. T.21, Ne 6(117). -

. . ; . C.723-732
leHOTVMyBaHHS 3AiACHWN METOOM MonMepasHoi NaHLtorosoi peakLii « SNP-ekcripec-PBy, BUkopucToBytoun Habopw peareHTis

000 HM® «Mutex», TagMan®SNP Genotyping Assay Ha amnnicikatopi CFX96™Real-Time PCR Detection Systems («Bio-
Rad Laboratories, Inc.», USA). [ina aHaniay BUKOPUCTOBYBanu 3arafibHy, PELIECVBHY Ta OMIHAHTHY MOZeni yenaaKkyBaHHs Ta
MOKa3HWKM «BIOHOLLEHHS LwaHciB» 3 95 % A0BipYMM iHTepBanom. Pesynsratv onpaltoBanu 3a 4OMOMOroio NiLeH3iNHoro naketa
nporpamu Statistica 6.0 RU.

Pesynktati. YnepLue B AiTen i3 M. 3anopiiokst 3 anepriyHowo Ta OpTOAOHTUYHOKO NaToNOorie 4ocniannm nonimopdiam reHa IL-4
(C-589T, rs2243250). Yactora peectpauii reHotunis C/C — C/T — T/T cTaHoBuna B piteit i3 BA 69,66 % — 22,47 % — 7,87 %; 3
AP - 58,06 % — 38,71 % — 3,23 %; AP i3 ancTansHum npukycom — 62,96 % — 29,63 % — 7,40 % Bunaakis. Y AiTel 3 OpTOLOHTUY-
Hoto natonorieto pigwe peectpyeanu reHotunu C/C (34,78 %) Ta T/T (4,35 %), vacriwe — reHotun C/T (60,87 %) Sk reHeTnyHy
0CcoBNMBICTb (heHOTUMY ANCTaNBHOMO NPUKYCY.

BucHoBsku. leHoTin C/C renHa IL-4 (C-589T, rs2243250) acouitoBascs 3 6poHxiansHoto actmoto (OR =4,31; 95 % Cl = 1,63-11.36;
p = 0,002) Ta anepriytnm puHitom (OR = 4,32; 95 % Cl = 1,04-7,81; p = 0,04), a reHotnm C/T + T/T cBiZuMnmn npo CXUNbHICTb
[0 PO3BUTKY OPTOLOHTUYHOI NaTonNorii.
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Xapakrepuctuka noaumopduama reHa MHTepAeMkuHa-4 (C-589T, rs2243250) y aetent
¢ 6poHXManbHOI aCTMOM, aANepPruuyecKUM PUHUTOM U C OPTOAOHTHUECKOM NaTOAOTUEHN,
M30AUPOBAHHOW UAU KOMOPOUAHOM C aAAePrUUECKUM PUHHUTOM

T. E. LWymHas, E. C. depoceeBa, T. M. 3uHueHKo, C. H. Hepenbckas, A. B. Bo3Hbii, A. M. KamblLWwHbIH

Llenb paboTbl — onpenenuTb YacToTy OAHOHYKNEOTUAHOO nonumopdmama reHa uHTepnenkuHa-4 (IL-4) (C-589T, rs2243250)
y [eTen ¢ bpoHxmarnbHo acTMon (BA), annepruyeckum puHUTOM (AP) 1 ¢ OPTOAOHTUYECKOI NATONOTUEN, N30MMPOBAHHOM UMK
ChOPMUPOBAHHOI Ha (HOHE anneprimvyeckoro puHuTa.

Marepuansi n metogbl. Miccnenosanne nonumopdmama reHa IL-4 (C-589T, rs2243250) nposeaeHo y 170 getent B Bo3pacte
ot 6 po 17 net, 11 mecsaues, 29 grel. B | rpynny HabntoaeHns BkmtodeHbl 89 aeteli ¢ BA; Bo Il rpynny — 31 pebeHok ¢ AP; B I
rpynny — 27 getei ¢ AP v guctanbHeiM npukycom; B IV rpynny — 23 pebeHka ¢ OpTogoHTUYeCKo naTtonorueit. feHoTunmposa-
He BbINOMHWUM METOAOM NONMMepa3HoN LenHoin peakumun «SNP-akcnpecc-PB» ¢ ncnonb3oeaHnem Habopos peareHTos OO0
HM® «Mutex», TagMan®SNP Genotyping Assay Ha amnnudukatope CFX96™Real-Time PCR Detection Systems («Bio-Rad
Laboratories, Inc.», USA). [ins aHanu3a ncnonb3o8ani 06LLyt0, peLLeCCBHYO M JOMUHAHTHYH MOZENW HacnefoBaHus U Nokasa-
TENN «OTHOLLIEHWS LWAHCOBY C 95 % A0BepUTENbHLIM UHTEPBANOM. AHaNN3 pe3yrkTaTos NPOBEAEH NPV NOMOLLM NIMLIEH3MOHHOTO
naketa nporpammbl Statistica 6.0 RU.

Pesynktathbl. Bnepsble y feTen I. 3anopoxbs C anneprvyeckoil i OPTOAOHTUYECKOW naTomnorven uccneaosaH nonmmopguam
reHa IL-4 (C-589T, rs2243250). Yacrtota pernctpaumm reHotunos C/C — C/T — T/T coctasuna y aetent ¢ bA 69,66 % — 22,47 % —
7,87 %; c AP — 58,06 % — 38,71 % — 3,23 %; AP ¢ guctanbHbiM npukycom — 62,96 % — 29,63 % — 7,4 % cnyyaes. Y aeTeii ¢
OPTOAOHTUYECKOI naTororueit pexe pernctpuposanu reHotunbl C/C (34,78 %) u TIT (4,35 %), vawe — rerotun C/T (60,87 %)
Kak reHeTU4eckyro 0COBEHHOCTb (heHOTHNA AMCTaNbHOTO NpyKyca.

BuiBoabl. leHotvn C/C reHa nHTepneiikuHa-4 (C-589T, rs2243250) accouumposancs ¢ 6poHxmansHoii actmoit (OR = 4,31;
95 % Cl =1,63-11,36; p = 0,002) n anneprudeckum puHutom (OR = 4,32 (95 % Cl = 1,04-7,81; p = 0,04), a reHotun C/T + T/T

CBUAETENLCTBOBAM O NPEAPAaCNONOXEHHOCTU K Pa3BUTUIO OPTOAOHTUYECKON NaToNorvu.

Introduction

The morbidity rate of allergic diseases has shown a continu-
ous increase in Europe and in other regions of the world, that
currently poses a serious challenge to modern pediatrics
and requires further research [1]. Thus, the well-known po-
pulation-based studies indicate that the frequency of allergic
diseases just in teenagers fluctuates from 40.3 % t0 71.1 %.
The prevalence of bronchial asthma (BA) is 12.9 % and
allergic rhinitis (AR) - 32.8 % [2,3]. In Germany, rhinitis was
comorbidity of BA in 34.7 % of children, and in Barcelona
(Spain), AR was combined with BAin 49.5 % of cases [4,5].

Atthe same time, in conditions of a high prevalence rate
of malocclusion in children and adolescents, various dental
anomalies and deformities represent up to 56.13-62.48 %,
and in cases of nasopharyngeal diseases, including rhinitis,
this figure increases to 86.08 + 1.59 %. However, the fre-
quency of malocclusion without concomitant pathology is
much less and rates to 35.63-45.92 % of cases, which
necessitates the study of isolated malocclusion and with
AR comorbidity in children [6,7].

Allergic diseases and malocclusion, often combined
with AR and coexisted with nasal obstruction or without it,
are considered as a multifactorial diseases associated with
single nucleotide polymorphism of genes. These diseases
are manifested only in interaction between genetic aspects
of pathology and environmental factors, a combined effect
of which leads to the disease development and pheno-
typic changes. Nowadays, there is the theory that allergic
diseases are caused by a violation of immune system
regulation due to activation of CD4+ T helper type 2 lym-
phocytes and increased secretion of cytokines, including
anti-inflammatory interleukin-4 (IL-4), which contributes to
IgE synthesis, mast cells and eosinophils activation. As a
result, allergic inflammation develops and secretion of other
immunoglobulins is activated forming the humoral immune
response [8].

The IL-4 gene is located on chromosome 5q31. More
than 50 allelic variants of the IL-4 gene polymorphisms
have been identified including rs2243250 (S589T) which
is the most significant genetic polymorphism observed in
the promoter site and characterized by the replacement
of cytosine (C) with thymine (T). That is, single nucleotide
polymorphism (SNP) in the coding region of the IL-4 recep-
tor (IL-4R) C589T (rs2243250) determines the presence of
C versus T at position 589 in the amino acid sequence. It
has been studied that the T allele of IL-4 rs2243250 poly-
morphism can increase binding of nuclear transcription
factors to the promoter region of the IL-4 gene, and thus
this polymorphism is functionally important. IL-4R transmits
signals into the cellular nucleus exerting biological func-
tions and playing an important role in regulating not only
IL-4 synthesis, but also estrogenes, and influencing bone
remodeling [8—10].

This work should confirm or disprove the hypothesis that
the IL-4 (C-589T, rs2243250) gene polymorphism, which
results in the replacement of C with T at position 589 in
the cytoplasmic domain of the mature protein, is associated
with allergic diseases and more often recorded in children
with BA and / or AR than in children with distal occlusion
(DO) without allergic diseases.

Purpose

To determine the frequency of interleukin-4 (IL-4) (C-589T,
rs2243250) SNP in children with respiratory forms of aller-
gic diseases (BA and AR) and with isolated or AR-induced
comorbid malocclusion.

Materials and methods

SNP of the IL-4 (C-589T, rs2243250) gene was analyzed
in 170 children aged between 6 and 17 years, 11 months,
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29 days. To confirm or disprove the hypothesis of genetic
predisposition and association of the studied gene polymor-
phism with certain respiratory forms of allergic pathology
and to clarify the causes of its comorbidity with AR or
isolated malocclusion, 89 children with BA were included
in Group 1; Group 2 consisted of 31 children with AR;
Group Il was composed of 27 children with AR and DO;
Group IV comprised 23 children with DO without allergic
pathology.

The inclusion criteria for enrolment into the study were
diagnosed BA, AR, AR combined with DO, isolated DO;
duration of allergic pathology 2 years or more; the absence
of chronic pathology in the stage of decompensation.
Exclusion criteria were acute infectious diseases; severe
concomitant somatic and psychiatric pathology, congenital
or acquired heart defects, malignant tumors; refusal of
the patient and / or parents to participate in the study. Prior
to starting the work, the children and their parents were
timely informed of the study purpose, tasks, methods and
gave written informed consent to participate in the study.

The IL-4 gene (C-589T, rs2243250) polymorphism was
genotyped using a commercial “SNP-express RT” kit by
real-time polymerase chain reaction (RT-PCR) according to
the manufacturer’s instruction (Applied Biosystems, USA).
Genomic DNA was extracted from the whole venous blood
of children using reagent kits (‘LLC Research and Produc-
tion Company LITEKH"), TagMan®SNP Genotyping Assay
on the amplifier CFX96™ Real-Time PCR Detection Sys-
tems (Bio-Rad Laboratories, Inc., USA) at the Department
of Molecular Genetic Studies of the Educational Medical

Original research

and Laboratory Center at the Department of Microbiology,
Virology and Immunology, Zaporizhzhia State Medical
University, Zaporizhzhia (under the guidance of the Head of
the Department of Microbiology, Virology and Immunology —
MD, PhD, DSc, Professor O. M. Kamyshnyi). The x2 method
(a=0.05, df = 1) was used to test whether the control sample
distribution was in accordance with the Hardy-Weinberg
equilibrium. To identify the association between the disease
and the IL-4 gene (C-589T, rs2243250) polymorphism,
the general, recessive and dominant inheritance models
and odds ratio (OR) with a 95 % confidence interval (95 %
Cl) were used. The data obtained as a result of the study
were processed using nonparametric methods of statistical
analysis with the Statistica 6.0 RU software package.

Results

In the work presented, we analyzed the distribution of poly-
morphism genotypes of the IL-4 (S-589T, rs2243250) gene
in each study group depending on the nosology, namely,
the presence of allergic pathology: BA, AR, comorbid
DO induced by nasal obstruction due to AR and isolated
malocclusion in the form of DO without allergic diseases.
Thus, in children of Group 1 with BA, the homozy-
gous C/C genotype of the IL-4 (C-589T, rs2243250) gene
polymorphism was prevalent and recorded in 69.66 %.
Accordingly, the homozygous variant T/T and heterozygous
CIT were significantly less frequent, in 7.87 % and 22.47 %
of cases, respectively. These data are presented in Fig. 1.

B C/C B C/C
o TT o TT
o cT o cT

Fig. 1. Distribution of IL-4 (C-589T, rs2243250) gene polymorphism in BA children. Fig. 2. Distribution of IL-4 (C-589T, rs2243250) gene polymorphism in AR children

H C/C H C/C
omT omT
o cT o cT

Fig. 3. Distribution of IL-4 (C-589T, rs2243250) gene polymorphism in children with
AR and DO.

Fig. 4. Distribution of IL-4 (C-589T, rs2243250) gene polymorphism in children with DO.
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Fig. 5. Distribution of IL-4 (C-589T, rs2243250) gene polymorphism in the examined children.

*1 P < 0.05 - the difference is significant between the C/C genotype frequency in Group 1 and 4;
#: P < 0.05 - the difference is significant between the C/T genotype frequency in Group 1 and 4).

Table 1. Distribution of IL-4 (C-589T, rs2243250) gene polymorphism in the examined

children according to the general inheritance model (chi-square test, df = 2)

Groups (n)
1(n=89)

2-4

34

Genotype C/C
0.697

0.581

0.630

0.348
X2=048,P=0.18

OR = 1.66;
95 % CI[0.71-3.86]

X2=0.58,P=0.75

OR =1.35;
95 % CI [0.55-3.33]

X2 =12.75, P =0.002

OR=4.31,95%Cl
[1.63-11.36]

X2 =0.89, P=0.64

OR=0.81;
95 % CI[0.28-2.35]

X2=2.88,P=024

OR = 2.60;
95 % C1 [0.85-7.92]

¥ =4.92, P =0.09

OR=3.19;
95 % CI [1.00-10.17]

Genotype C/T
0.225
0.387
0.296
0.609

OR = 0.46;
95 % C1[0.19-1.10]

OR = 0.69; 95 % Cl
[0.26-1.81]

OR=0.19;95 % Cl
[0.07-0.49]

OR =1.50;
95 % CI [0.50-4.50]

OR = 0.41;
95 % C1[0.13-1.23]

OR=0.27;
95 % CI [0.08-0.88]

Genotype T/T
0.079
0.032
0.074
0.043

OR = 2.56;
95 % CI [0.30-21.69]

OR =1.07; 95 % Cl
[0.21-5.47]

OR=1.88;95%Cl
[0.22-16.08]

OR=0.42;
95 % C1[0.04-4.87 ]

OR=0.73;
95 % Cl [0.04-12.38]

OR=1.76;
95 % CI [0.15-20.76]

Table 2. Distribution of IL-4 (C-589T, rs2243250) gene polymorphism in the examined

children according to the general inheritance model (chi-square test, df = 2)

m Genotype C/C Genotype CIT Genotype T/T

BA (n = 89)
AR (n =58)
DO (n = 23)
BA-AR

BA-DO

AR-DO

0.697
0.603
0.348
X2=2.70,P = 0.26

OR=151;95%Cl
[0.75-3.02]

X2 =12.75, P =0.002

OR=4.31,95%Cl
[1.63-11.36]

X2 =4.78, P =0.09

OR =2.85; 95 % Cl
[1.04-7.81]

0.225
0.345
0.609

OR = 0.55; 95 % Cl
[0.26-1.15]

OR =0.19; 95 % Cl
[0.07-0.49]

OR = 0.34; 95 % Cl
[0.12-0.92]

0.079
0.052
0.043

OR=1.57;95%Cl
[0.39-6.31]

OR =1.88; 95 % Cl
[0.22-16.08]

OR =1.20; 95 % Cl
[0.12-12.17]
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In children of Group 2 with AR, the homozygous C/C
genotype also dominated and it was registered in more than
half of children (58.06 %). A bit more than one third of these
children (38.71 %) showed the heterozygous C/T variant
of the IL-4 (C-589T, rs2243250) gene polymorphism, and
the homozygous T/T variant was detected only in 3.23 %
of cases, as shown in Fig. 2.

In children included in Group 3 with AR and DO as in
the previous groups, the C/C and C/T variants of the IL-4
(C-589T, rs2243250) gene polymorphism prevailed repre-
senting 62.96 % and 29.63 % of children, respectively. In
this case, the T/T genotype was registered only in 7.40 %.
These data are shown in Fig. 3.

In children of Group 4 without allergic pathology and
only with isolated DO, the homozygous T/T genotype was
found only in 4.35 % of children with DO (Fig. 4). Conversely,
unlike previous examined groups, the heterozygous C/T
genotype was dominant and recorded in 60.87 % of pa-
tients only with malocclusion, but significantly more often
than in BA children (14/23 vs. 20/89, Yates corrected Chi-
square = 10.99, P = 0.0009). The homozygous C/C variant
was registered in 34.78 % of patients with malocclusion,
significantly less than in BA children (8/23 vs. 62/89, Yates
corrected Chi-square = 8.06, P = 0.0045). The comparative
characteristic of each genotype frequency in IL-4 (C-589T,
rs2243250) gene polymorphism depending on the presence
or absence of BA, AR, AR with DO or only malocclusion in
the examined children is presented in Fig. 5.

Further, the general inheritance model was used to
study a genetic predisposition based on the presence or ab-
sence of associations between the IL-4 (C-589T, rs2243250)
gene polymorphism and multifactorial allergic diseases
development (BA, AR), AR combined with DO or only DO
without an allergic pathology after testing the samples to
detect the Hardy-Weinberg equilibrium (Table 1).

The data presented above refuted our hypothesis
concerning C with T (C-589T) replacement. It can be seen
that the C/C genotype was associated with BA development
(OR =4.31; 95 % CI [1.63-11.36], x* = 12.75, P = 0.002
and there was a tendency to C/C genotype predominance
in children with AR and comorbid DO unlike in children
without allergy but with malocclusion (OR = 3.19, 95 % ClI
[1.00-10.17], x2 = 4.92, P = 0.09.

Taking into account that there were not significant dif-
ferences in the distribution of the IL-4 (C-589T, rs2243250)
gene polymorphism between children in Group 2 and 3 (with
AR and AR with DO), therefore these children were grouped
together as patients with AR. The analysis of genotypes
distribution between groups of children with BA, AR and
DO was repeated (Table 2).

However, these data were consistent with the findings
that the C/C genotype of the IL-4 (C-589T, rs2243250) gene
polymorphism was significantly prevalent in BA children
(OR =4.31; 95 % CI [1.63-11.36], x* = 12.75, P = 0.002
(actual) and in all children with both AR and AR with maloc-
clusion comorbidity (OR = 2.85; 95 % CI [1.04-10.17],
X2 =4.78; P =0.09 (as the tendency) compared to the group
of children with DO without allergic pathology.

Therefore, in order to clarify an association between
the genotype and allergic pathology or malocclusion deve-
lopment in the examined children, the recessive and dom-
inant inheritance models (Tables 3-6) were also analyzed.
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Table 3. Recessive inheritance model of the IL-4 (C-589T, rs2243250) gene polymorphism in children with BA and DO (chi-square test, df = 1)

_- 95 % C|

Genotype C/C 0.697 0.348
Genotype C/T+T/T 0.303 0.652

Original research

0.002 4.31 1.63-11.36
0.23 0.09-0.61

Table 4. Dominant inheritance model of the IL-4 (C 589T, rs2243250) gene polymorphism in children with BA and DO (chi-square test, df = 1)

Genatypes oo ]
m_ 5%

Genotype C/C 0.348 0.697
Genotype C/T+T/T 0.652 0.303

0.002 0.23 0.09-0.61
4.31 1.63-11.36

Table 5. Recessive inheritance model of the IL-4 (C-589T, rs2243250) gene polymorphism in children with AR and DO (chi-square test, df = 1)

_- 95 % C|

AR

Genotype C/C 0.603 0.348
Genotype C/T+T/T 0.397 0.652

2.85 1.04-7.81
0.35 0.13-0.96

Table 6. Dominant inheritance model of the IL-4 (C 589T, rs2243250) gene polymorphism in children with AR and DO (chi-squared test, df = 1)

Genctypes e ]
m— 5%

CIC genotype 0.348 0.603
C/T+T/T genotype 0.652 0.397

0.35 0.13-0.96
2.85 1.04-7.81

While analyzing the study results, it was considered
that children with the C/C genotype of the IL-4 (C-589T,
rs2243250) gene polymorphism had a relative risk of deve-
loping BAat any time of life. In addition, DO predisposition as
an isolated malocclusion (P = 0.002) with OR = 4.31 (95 %
Cl = 1.63-11.36) was noted in children with the C/T + T/T
genotype.

These data also identified an association between a
relatively high risk of developing malocclusion in children
(P =0.04) OR =4.32 (95 % Cl = 1.04-7.81) and both
the C/C genotype, as a potential marker of AR, and the C/T
+T/T genotype of the IL-4 (C-589T, rs2243250) gene
polymorphism.

Therefore, summarizing the results of the conducted
study, it can be stated that allergic pathology such as BA
and AR in children was associated with the C/C genotype
(69.7 % and 60.3 %) while malocclusion —with the C/T + T/T
genotype (65.2 %) of the IL-4 (C-589T, rs2243250) gene
polymorphism. Therefore, it can be assumed that children
with the C/C genotype had DO with comorbid AR induced
by nasal obstruction of allergic genesis, and malocclusion
was formed initially in children with the C/T + T/T genotype.

Discussion

Then, we compared and presented in Fig. 6 our data on
the IL-4 (C-589T, rs2243250) gene polymorphism distribu-
tion in each study group with known widely varied data of
population studies [11].

So, the comparison of genotype frequencies between
the examined children of Zaporizhzhia (ZP) and children
from Europe (EUR), South Asian (SAS), Admixed Ame-
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rican (AMR), East Asian (EAS), Africa (AFR), Colombians
from Medellin, Colombia (SLM), Finland (FIN), showed
that the C/C — C/T — T/T genotype frequencies in children
of Zaporizhzhia with BA (69.66 % — 22.47 % — 7.87 %),
AR (58.06 % — 38.71 % — 3.23 %) and AR comorbid with
DO (62.96 % — 29.63 % — 7.40 %) were almost matched
the frequency in Europe (70.2 % — 26.0 % — 3.8 %) and
South Asian (68.1 % — 27.0 % — 4.9 %). At the same time,
the C/C — T/T — T/T genotype frequencies in children from
Zaporizhzhia with malocclusion (34.78 % — 60.87 % —
4.35 %) partially matched those in Colombians from Me-
dellin, Colombia (39.4 % — 50.0 % — 10.6 %) and Finland
(41.4 % —48.5 % —10.1 %).

The genotyping performed for all the examined children
generally showed that the homozygous C/C genotype,
registered in 61.76 % (105/170) cases, was the dominant
one. The heterozygous C/T and the homozygous T/T
genotypes were less common, in 31.76 % (54/170) and
6.44 % (11/170) of children, respectively. Meanwhile, our
data matched the indicators in Europe and South Asian, as
the C/ C, C/T and T/T genotype frequencies were 70.2 %
and 68.1 %, 26.0 % and 27.0 %, 3.8 % and 4.9 % of cases,
respectively, in these populations (Fig. 7). Alarge variability
in the incidence rate of C/C-C/T-T/T genotypes of the IL-4
(C-589T, rs2243250) gene polymorphism was noted among
the populations of Admixed American (42.1 % — 42.7 % —
15.3 %), East Asian (4.2 % — 35.9 % - 59.9 %), Africa
(7.6 % —38.9 % — 53.6 %) [11].

These data show that hereditary features of immuno-
pathogenesis can be found in different population groups,
which are of both theoretical and practical interest for
further study.
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Fig. 6. Genotype
frequencies of the IL-4
(C-589T, rs2243250) gene
polymorphism in children
of different observational
groups and population
studies, where:

1-7P (BA); 2-ZP (AR);
3-ZP (AR+DO); 4 - ZP
(DO); 5 - EUR; 6 — SAS;
7-AMR; 8 - EAS; 9 - AFR;
10 - CLM; 11 - FIN.
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Fig. 7. Frequency of the IL-4
(C-589T, rs2243250)

gene polymorphism in all
the examined children and in
population studies.
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It is worth mentioning that we have obtained study
results different from our initial hypothesis. Further ana-
lysis of information related to this problem has shown all
its complexity focusing on issues to study SNP located in
the promoter region of the IL-4 gene (C-589T, rs2243250)
and determining C versus T presence in different positions
of amino acid sequence as well as in relation to other chro-
mosomal regions and segments.

Thus, according to V. B. lvanova, in children with atopic
BA living in Krasnoyarsk, SNP C-590 T of the IL-4 gene
(rs2243250) was genotyped. As a result, the homozygous
C/C and T/T variants were recorded in 52.38 % and 6.67 %
of cases, respectively, while the heterozygous C/T variant
was found in 42.38 % of patients, that is, almost two times
more frequently than in our study. However, this study also
showed that the T/T genotype frequency was 9.2 % in
the group of patients with uncontrolled BA and it was higher
than in children with controlled BA (3.9 %) [12].

Nevertheless, in the genotypes of other populations,
for example, the Mauritian Indian and Chinese Han popu-
lations, there was no significant association between
C-590 T of the IL-4 gene and BA development as well as
no significant differences were observed when comparing
these groups based on distribution of polymorphisms IL-4
-590 C/T [13].

At the same time, it is known that in Brazilian adoles-
cents with allergic pathology and sensitization to domestic
allergens, the C/T and T/T genotypes of IL-4-590 rs2243250
were recorded in 10.2 % and 42.9 % of cases, respec-

CLM FIN

tively, against 43.1 % and 13.8 % in healthy children [2].
Gurieva L. L. also believes that a biological marker for a
high risk of developing atopic BAwithout associated allergic
diseases is the T allele of the SNP C-590> T in the IL-4 gene
(OR =1.59; Cl 95 % = 1.02-2.48) [14].

But in the studies of Smolnikova M. V. et al., as well
as in our study, it was shown that the C/C genotype of IL-4
(rs2243250; rs2070874) can be a genetic marker for risk of
developing both controlled (RR 0.26; SE 0.38; P = 0.0008)
and uncontrolled (RR 0.3; SE 0.38; P = 0.0018) atopic
asthma [15].

The children with infectious-dependent BA were more
likely to have the heterozygous C/T genotype of the IL-4
(C-589T) gene constituting 54.05 %. In addition, this gen-
otype was a predictor of severe infectious-dependent BA,
resistant to anti-inflammatory therapy [16].

Furthermore, E. A. Khotko and A. D. Taganovych pre-
sented a detailed analysis of reference data on the role of
gene polymorphism, including the IL-4 gene, responsible
for the production of pathogenetically important proteins in
immunocompetent cells of patients with chronic obstructive
pulmonary diseases [17]. There are also data evidencing
a greater susceptibility to the risk of developing chronic
obstructive pulmonary diseases in individuals, IL-4 — 589T
allele carriers, from the Kazakh population [18].

Under industrial pollution conditions, genotyping of
IL-4 — C-589T (rs2243250) SNP among adult patients with
occupational BA, asbestosis, and occupational chronic ob-
structive pulmonary disease revealed that 56.4 % of patients
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with occupational asthma had homozygous T/T variant of
the IL-4 gene in the presence of concomitant infection of
the nasopharynx, neutrophilic inflammation and destructive
radiographic changes. This allowed scientists to suggest
that the homozygous genotype T/T of the SNP C-589T of
the IL-4 gene presence contributes to a long-term circulation
of pro-inflammatory cytokines elevated levels. This, in turn,
leads not only to destructive processes in the lungs progres-
sion, but also to chronic inflammation confirming the asso-
ciation between IL-4 T allele and an inflammatory process
activation and maintenance. The association between the T
allele of the IL-4 as well as an increased level of systemic
inflammatory markers and a higher degree of respiratory
failure was also detected in workers exposed to industrial
aerosols. Thus, in asbestosis, the presence of T allele IL-4
increased the risk of developing II-Ill degree respiratory
failure by 5.2 times (OR =5.217, 95 % Cl = 1.115-24.407).
Therefore, the IL-4 C589T (rs2243250) gene polymorphism
identification allowed to identify the risk groups for more
severe forms of occupational bronchopulmonary diseases
development [19].

There are slightly less studies of the IL-4 gene poly-
morphism in patients with AR. Thus, when studying SNPs
of the IL-4 (rs2243248, rs2243250 and rs2070874) in
98 patients with AR, it was found that C/C genotype in
(rs2070874) was significantly correlated with AR develop-
ment, and SNPs of the IL-4 could change the clinical picture
of the disease [20].

In Poland, Barbara Korzycka-Zaborowska with col-
leagues showed that the (590 C/T) IL-4 gene polymorphism
was associated with AR in 15.3 % of patients, compared with
5.8 % of examined controls without AR, x? = 4.368; P <0.05
[21]. In a study of other scientists, the risk of developing
AR was associated with the IL-4 gene -590 TT genotype
[OR=1.93,95 % CI (1.61-2.31), P=0.00] and the TT+TC
unlike CC genotype of IL-4 C-33/T polymorphism was
significantly associated with allergic diseases [OR = 3.23,
95 % Cl (1.13-9.25), P = 0.03] [22].

In Pakistan, genotyping for SNP IL-4 C-589T
(rs2243250), T +2979G (rs2227284) and C-33T (rs2070874)
was performed in 108 patients with BA and 106 with AR.
Although we studied SNP C-589T (rs2243250) of the IL-4
gene, but unlike our results, S. Micheal and colleagues
showed that C/C genotype was recorded in 24.1 % of BA
patients, C/T—in58.3 % and T/T—in 17.6 %. Concurrently,
in children with allergic rhinitis, the C/C genotype was de-
tected in 17 % of cases; C/T —in 58.5 %; T/T —in 24.55 %.
Therefore, SNP C-589T (rs2243250) of the IL-4 was signifi-
cantly associated with both BA (x> = 11.0; P = 0.004) and
AR (x2 = 20.2; P < 0.001). In addition, the polymorphism
T+2979G (rs2227284) of the IL-4 gene was also related to
genetic risk factors for the developing asthma and AR in
Pakistan. But, unlike previous studies, there were no signi-
ficant differences between the groups of patients with both
BA and AR and the control group when studying the SNP
C-33T (rs2070874) of the IL-4 gene [23].

We have not found data regarding the polymorphism
(C-589T, rs2243250) of the IL-4 gene detection in children
with malocclusion in the scientific literature available today.
Nevertheless, E. Sh. Hryhorovych studied the molecular
genetic basis for periodontitis development in dental pa-
tients and showed that the IL-4 gene polymorphism is one
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of the predictors of chronic generalized periodontitis, which
was associated with a dense mononuclear inflammatory
infiltrate, represented by CD4, CD8, CD20 T lymphocytes
combined with a large number of CD45RO memory T lym-
phocytes, CD68 macrophages and intensive neutrophilic
infiltration [24].

However, a part of the paradontium is periodontal tis-
sue, which in left untreated dental caries may develop an
inflammatory complication such as periodontitis. On the one
hand, itindependently contributes to various malocclusions
that, on the other hand, could be a negative consequence of
being edentulous after periodontitis-related dental extraction
when myodynamics is disturbed. It was demonstrated that
complications of temporary teeth caries were found in more
than 2/3 of children and it was the leading cause of defects
in the dentition (16.3 + 3.6 % of cases). Early tooth loss
and related defects resulted in various dental anomalies in
61.7 £ 4.8% of children [25].

The work of A. Z. Isamulaeva et al. covers the influence
of genetic polymorphisms on the grade of inflammation,
which is a promising direction for early diagnosis, compre-
hensive assessment of dental status in somatic patients
with damage to dental hard tissues, parodontium and oral
mucous membranes and the rationale for new therapeutic
and preventive measures [26].

Furthermore, modern scientific studies have confirmed
that the IL-4 gene polymorphism influence IL-4 and other
cytokines production regulating immune responses that
directly associated with caries and periodontitis develop-
ment [27-29].

At the same time, the T allele (OR = 1.2, 95 %
Cl=1.02-1.42,P =0.03) and the T/T genotype (OR = 1.68,
95 % Cl = 1.05-2.67, P = 0.03) of the IL-4 gene (C -590T)
were associated with periodontitis in whites, and only the T/T
genotype was associated with periodontitis in Caucasians
(T/T vs CIT: OR = 1.75, 95 % ClI = 1.10-2.78, P = 0.02)
[30,31]. These data confirm, on the one hand, that the gen-
otype frequencies in studied polymorphism of the IL-4 gene
are varied among different populations; on the other hand,
it is the basis of a personalized approach to patients and
long-term treatment programs implementation.

Of great interest is the wide range of studies devoted to
determining the role of SNP (C589T, rs2243250) of the IL-4
gene in disease occurrence.

Thus, the T allele frequency and the homozygous
T/T genotype prevailed in children with acute respiratory
tract infections (pneumonia, brochiolitis) living in Egypt
(OR=1.3;95 % Cl = 1.07-1.56, P < 0.01 and OR = 2.0;
95% Cl = 1.38-2.96, respectively) [32]. In patients with
whooping cough, the homozygous T/T genotype (C589T)
of the IL-4 gene frequency was higher than in healthy ones,
and more than half of patients suffering from pyelonephritis
(52.7 %) were carriers of the heterozygous C/T variant of
this gene polymorphic region [33,34].

Chronic hepatitis C patients with the homozygous
T/T genotype (C-589T) of the IL-4 gene showed more
pronounced fibrous changes in the liver than the homo-
zygous C/C genotype carriers (P < 0.01) [35]. In patients
with ischemic heart disease and coronary atherosclerosis,
the C589T frequencies of the IL-4 genotype (P = 0.04;
OR =4.09) and 589T alleles (P = 0.04; OR = 2.45) were
statistically significantly increased [36].
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Scientists also took into account the possible risk of
developing oncopathology associated with IL-4 genotypes
and different sensitivity to chemotherapy for malignant
tumors of the female reproductive organs, as well as for
breast cancer [37,38].

Comparison of our study results with scientific literature
data has proved different effects of the studied mutations of
the IL-4 gene on the peculiar features of associative prog-
nostic links with various diseases, which in the long term
justifies the need for further research in this area.

Conclusions

1. The polymorphism of the interleukin-4 gene C-589T,
rs2243250) has been investigated for the first time in chil-
dren with respiratory forms of allergy (bronchial asthma and
allergic rhinitis) and with isolated or allergic rhinitis-induced
comorbid malocclusion living in the city of Zaporizhzhia.

2. The C/C - C/T — TIT genotype frequencies have
been calculated in children: with bronchial asthma
69.66 % — 22.47 % - 7.87 %; with allergic rhinitis —
58.06 % — 38.71 % — 3.23 %,; allergic rhinitis with distal
occlusion — 62.96 % — 29.63 % — 7.40 % of the examined
cases, which were matched their frequency in European
and South Asian populations.

3. The C/C - C/T-T/T genotypes in children with maloc-
clusion had the following distribution: 34.78 % — 60.87 % —
4.35 % of the examined cases, and the heterozygous C/T
genotype prevalence indicated the presence of genetic
features of distal occlusion phenotype formation.

4. The inheritance models analysis showed that the C/C
genotype of the interleukin-4 gene (C-589T, rs2243250)
was associated with bronchial asthma (OR = 4.31; 95 %
Cl=1.63-11.36; P =0.002) and allergic rhinitis (OR = 4.32:
95 % Cl =1.04-7.81; P = 0.04) in comparison with the fact
that the C/T + T/T genotype indicated a predisposition to
malocclusion development.

Prospects for further researches. In the future, we
will focus on the analysis of presented genotypes frequency
depending on the severity, stage, clinical and laboratory
features of these diseases course.
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