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Abstract
Purpose. Study of the pathogenetic role of the polymorphism of the ACTN3 gene
(actinin, alpha 3) rs1815739 in the development of lungs ventilation capacity disorders in

children with bronchial asthma.
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Materials and methods. To study the polymorphism of ACTN3 gene (actinin, alpha 3)
rs1815739, the molecular and genetic study of 90 children aged from 6 to 18 years with bronchial
asthma, who were passing in-patient treatment at the Allergy Department of the Municipal Non-
Profit Enterprise "Children's Hospital no.5" of Zaporizhia City Council, and 25 healthy children
(control group) was conducted. The external respiration function was studied using a computer
spirograph  "PULMOREM" TU U 33.1-02066769-005-2002 (Kharkiv). The study of the
polymorphism of the ACTN3 gene (actinin, alpha 3) rs1815739 was performed in the Division of
Molecular Genetic Researches of the Training Medical Laboratory Center at the Department of
Microbiology of Zaporizhia State Medical University in Zaporizhia on the CFX96™ Real-Time
PCR Detection Systems amplifier (Bio-Rad laboratories Inc., USA) with extraction of DNA from
venous blood by means of polymerase-chain reaction. The results of the study were processed
using statistical analysis of the license software package Statistica for Windows 6.1.RU, serial
number AXXR712D833214SANS.

Results. The study of the distribution of allelic genes and genotypes of ACTN3 (actinin,
alpha 3) polymorphism for rs1815739 showed that among children with bronchial asthma, the
homozygous C/C genotype was recorded in 37.7% of cases, heterozygous C/T genotype in 40%
of cases, homozygous T/T genotype in 22.3% of cases, while in healthy children, the frequencies
of the homozygous C/C (68%) and T/T (4%) genotypes were significantly more frequent. The
indicators of external respiration function (forced vital capacity (FVC), forced expiratory volume
at the 1-second (FEV1)) in patients with a homozygous C/C genotype were significantly lower
than in patients with homozygous T/T genotype and were 2.69 (1.9; 3.49) vs. 3.11 (2.47; 4, 14)
and 2.06 (1.6; 2.76) vs. 2.82 (2.02; 3.51). The patency of large and small bronchi, characterized
by spirographic MEF25 and MEF75 indicators, was significantly better in children with
bronchial asthma with homozygous T/T genotype than in children with C/T and C/C genotypes
(5.46 (4.87; 6, 31) and 2.36 (1.89; 3.32) against 4.54 (3.69; 5.43) and 4. 17 (3.24; 5.44), and 1.88
(1.10; 2.56) and 1.69 (1.16; 2.02), respectively. In children with bronchial asthma and the C/C
and C/T genotypes of ACTN3 gene (actinin, alpha 3) rs1815739 with probable sufficient
synthesis of alpha-actinin-3 protein in muscles, a stronger contraction of the respiratory muscles
on inhalation is possible, and in patients with the T/T genotype, which encodes insufficient

synthesis of alpha-actinin-3 protein in the muscles, the muscle contraction is probably less
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pronounced in asthma attacks, which can lead to less pronounced disorders of lungs ventilation
capacity.

Conclusions. The study of ACTN3 (actinin, alpha 3) rs1815739 gene polymorphism
showed that the C / C and C / T genotypes were associated with impaired lung ventilation in
children with bronchial asthma.

Keywords: gene; polymorphism; alpha-actinin-3; bronchial asthma; lungs
ventilation capacity; children.

HOBMI1 ACTIEKT JOCJIUKEHHSI MEXAHI3MIB PO3BUTKY MOPYIIEHD
BEHTHWJISILIHOI 3IATHOCTI JJETEHD ¥ JITEMR
3 BPOHXIAJILHOIO ACTMOIO

T. €. lllymua, O. C. ®exoceeBa, O. M. Kamnmnnii

3anopisbkuii AepKaBHU MeIMYHUI yHiBepcuTeT, 3anopixuks, YKpaiHa

Meta po6oTH - TOCITIDKCHHS MTATOreHETHYHOI poti mosiMopdizmy rera ACTN3 (actinin,
alpha 3) rs1815739 B po3BUTKY MOpPYyIIEHh BEHTHIIALINHOI 3MaTHOCTI JICT€Hb y MiTed 3
OpOHXIAJILHOIO aCTMOIO.

Marepiaau i meroamn. s BuBuyenHs mosimopdizma rena ACTN3 (actinin, alpha 3)
rs1815739 OGyno mpoBeneHO MOJICKYISIpPHO-TeHeTHYHe nociaipkeHHs 90 nitedt 3 OpoHXiaIbHOIO
acTMoro0 Bif 6 o 18 pokiB, siki mepeOyBaau Ha CTaIliOHAPHOMY JIIKYBaHHI B aJepProJIOTTYHOMY
BinuieHHi KomyHansHOTO HenmpuOyTKoBOro mianpueMctBa «Jlutsda mikapas NeSy» 3amopizbkoi
MicbKOi paau Ta 25 340pOBHX MiTei (KOHTpoibHa Tpymna). DyHKIiS 30BHINIHBOTO TUXAHHS
JOCTiKyBallach 3 BUKOPHUCTAaHHSAM KoM totepHoro criporpada «PULMOREM» TV V 33.1-
02066769-005-2002 (m.XapkiB). Buuenust momimopdismy rema ACTN3 (actinin, alpha 3)
rs1815739 npoBoaAusIOCkh y BIAALTI MOJEKYISIPHO-TEHETUYHHUX JOCTIKEHb HABYAIIBHOTO MEHKO-
na0opaTOpHOTrO IEHTpa Ha Kadenpi MikpoOiojorii 3amopi3bKOro Jep>KaBHOIO MEIUYHOTO
yHiBepcuTety, M. 3anopix:ks, Ha ammmidikatopi CFX96™ Real-Time PCR Detection Systems
(«Bio-Rad laboratories, Inc.», USA) 3 Buainenusm JIHK i3 BeHO3HOI KpOBi 3a JOTOMOTOFO

MoJIiMepa3Ho-NaHLoroBoi peakuii. OTpuMaHi pe3yinbTaTH AOCTIPKEHHS Oyiau oOpoliieHi 3a
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JIONIOMOTOK0 CTaTHCTUYHOTO aHali3y JHIeH3iiiHOro makera mporpam Statistica for Windows
6.1.RU, cepiitnmii nHomep AXXR712D833214SANS.

PesyabtaTn. JlOCH/DKHHS pO3MOJAUTY QJIENbHUX TEHIB Ta TEHOTHIIB momiMopdizMa
ACTN3 (actinin, alpha 3) rs1815739 moxkasajno, mo cepea Aiteld 3 OPOHXIAJBLHOK aCTMOIO,
romosurotHuii reHotun C/C peectpyBaBes B 37,7% Bumnankax, rereposurotauii reaotun C/T -y
40%; romozurotauit renotun T/T —y 22,3% oOcTexxeHUX, B TOW 4ac SIK y 3/APOBHX MiTEH
gactotu romo3urotHux reHotuniB C/C (68%) ta T/T (4%) 3ycTpivanuch AJOCTOBIPHO YacTimIe.
[Toxa3uuku (yHKIIT 30BHINTHROTO TUXaHHS ((popcoBaHa )KUTTEBOI eMHICTh JiereHb (FVC), 00'em
dopcoBanoro BUIOXY 3a nepiny cekyHay (FEV1)) y nmaiieHTiB 3 romo3urotaumM reHoturiom C/C
Oynu JOCTOBIPHO HMXKYMMH, HDK y MALIEHTIB 3 roMO3UroTHUM reHotunoM T/T 1 ckmamu 2.69
(1.9;3.49) nporu 3,11 (2,47;4, 14) ta 2.06 (1.6;2.76) mpotu 2.82 (2.02;3.51). IIpoxigHicTbh
KpPYIHUX Ta MUIKUX OPOHXIB, 110 XapaKTepu3yBajach ciiporpadgiunumMu nokasHukamu MEF2s Ta
MEF7s, 6yna 10cTOBIpHO Kpalloio y AiTel 3 OpoHXiadbHOIO aCTMOIO 3 TOMO3UTOTHUM I'€HOTUIIOM
T/T, aibk y miteit 3 reHotunamu C/T ta C/C (5.46 (4.87;6,31) 1 2.36 (1.89; 3.32) npotu 4.54
(3.69;5.43) i 4. 17 (3.24; 5.44) ta 1.88 (1.10; 2.56) i 1.69 (1.16;2.02), BianoBigHo. Y miteii 3
oponxiaapHoo actmoro 3 renotunamu C/C i C/T rema ACTN3 (actinin, alpha 3) rs1815739 3
IMOBIDHUM JOCTAaTHIM CHHTE30M OUTKa aybda-akTHHIHY-3 Yy M'si3aX, MOXJIMBE OUIBII CHUIIbHE
CKOPOUYCHHS TUXAJTbHUX M'SI31B MPU BIWXYBAaHHI MOBITPS, a y MaIie€HTiB 13 reHoturnom T/T, skuii
KOJIy€e HEJOCTATHIN cUHTe3 OUTKa anbda-akTHHIHY-3 y M's3aX, TIPH MPUCTYII ATyXU CKOPOUCHHS
M's31B IMOBIPHO MEHII BHUpaX€HE, LI0 MOXE MNPU3BOJUTU 1O MEHII BHPAKEHUX MOPYIIECHb
BEHTWILINHOI 3JaTHOCTI JIET€Hb.

BucnoBku. Jlocmimkenns mnoximopdisma rena ACTN3 (actinin, alpha 3) rs1815739
nokazano, mo reHotunu C/C Ta C/T Oynm acomiidioBaHi 3 TOPYIICHHSIMH BEHTHIISIIHHOT
3/IaTHOCTI JIET€Hb y AiTeH 3 OPOHXIAIBHOIO aCTMOIO.

KirouoBi ciaoBa: reHn; mogaiMopgizm; aiabda-akTuHiH-3; OpoHXiaJbHA acTMa,

BeHTWJIANIHHA 3JATHICTD JIereHb; JiTH.
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HOBUM ACIIEKT U3YUEHUSI MEXAHHU3MOB PA3ZBUTUS HAPYILIEHUI
BEHTUJISIHUHHOM CIIOCOBHOCTH JIETKHUX VY JITEN C
BPOHXUAJBHOM ACTMOMN

T. E. llymnas, O. C. ®enoceeBa, A. M. KambliuHbIii

3anoposkckuii rocyapcTBeHHbI MeIUINHCKUH YHHUBEPCUTET, 3aN0poXKbe, YKpanHa

Heas paGoThl — wW3ydeHHWE MaToreHeTH4Yeckoi posm mnoiaumopdmsma rena ACTN3
(actinin, alpha 3) rs1815739 B pa3BuTHM HapylIICHHH BEHTUISIIMOHHON CIIOCOOHOCTH JIETKHX Y
neTeit 3 OpOHXUATBHOM aCTMOM.

Marepuainl 1 MeToabl. [l n3ydenus nmoaumopdusma rena ACTN3 (actinin, alpha 3)
rs1815739 OwpuI0 TPOBENEHO MOJEKYISIPHO-TEHETHYECKOoe wucciaenoBanue 90 gereir ¢
OpOHXHMAIBHOM acTMOM OT 6 A0 18 7neT, KOTOopble HAXOIWJIUCh HA CTAIlMOHAPHOM JICUEHUU B
QJJIEPTOJIOTHYECKOM OTJeIeHNH KOMMYHaJIbHOTO HENMPHOBUIBHOTO TPeanpusaTus «JleTckas
6ospHMIIa NS5y 3amopokKCKOTo TOPOJCKOTO COBETa U 25 3[0POBBIX AETeH (KOHTPOJIbHAS TPYIA).
OyHKIMS BHEIIHETO JbIXaHMsS MCCIIEA0BAIAch C UCMOJB30BAHUEM KOMITBIOTEPHOTO criuporpada
«PULMOREM» TV V 33.1-02066769-005-2002 (m.XapkiB). M3yuenue momumopdusma reHa
ACTN3 (actinin, alpha 3) rs1815739 mnpoBoamiocs B OTAEIE MOJEKYIAPHO-TEHETUIECKUX
UCCIIEIOBAaHUN Y4EHOTrO MEIUKO-JIadopaTOpHOro IleHTpa Ha kKadeape MHKPOOHOJIOTUU
3amopoKCKOro  rocylapCcTBEHHOIO  MEIUIMHCKOTO  YHHUBEpCUTETa, TI. 3alopoxbe, Ha
ammudukarope CFX96™ Real-Time PCR Detection Systems («Bio-Rad laboratories, Inc.»,
USA) ¢ Beigenenrem JIHK u3 BeHO3HOM KPOBH MPH MOMOIIK MOJUMEPA3HO-LIEITHON PEaKIIHH.
[Tomyuennsie pe3yabTaThl HCCIEAOBAHUS ObUIM OOpaOOTaHBI MPH MOMOIIU CTATUCTUYECKOTO
aHaaM3a JIMIIEH3MOHHOro makera mporpamm Statistica for Windows 6.1.RU, cepiiinuii HoMep
AXXR712D833214SANS.

PesyabTaThl. 3ydueHue pacnpeeneHus ajielbHbIX T€HOB U T€HOTHIIOB MOJUMOp(hur3Ma
ACTNS3 (actinin, alpha 3) rs1815739 mnokasano, 4To cpeau naeTell ¢ OPOHXHUAIBLHOW aCTMOW,
roMo3uroTHelii reHoTunoM C/C peructpupoBaics B 37,7% ciaydasx, reTepO3UrOTHBIM TeHOTHIT
C/T -y 40%; romozurotsbiii reHotun T/T —y 22,3% oOcnenoBaHHBIX, B TO BpeMs Kak Y

3IPOBBIX JIeTell 4acToThl roMo3UroTHbIX reHoturioB C/C (68%) u T/T  (4%) BcTpewanuch
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noctoBepHo yame. [lokazarenu (yHKUMM BHEIIHErO AbIxaHus ((popcupoBaHHasl KU3HEHHAS
emkocTb Jierkux (FVC), o0bem dopcoBanHOTO BBIIOXA 32 TIepyto cekyHay (FEV1)) y nanuenToB
¢ roMo3uroTHbIM reHoturioM C/C ObUIM JOCTOBEPHO HMKE, YeM y TALMEHTOB C TOMO3UTOTHBIM
resotuniom T/T u cocraBuu 2.69 (1.9;3.49) nporus 3,11 (2,47;4, 14) u 2.06 (1.6;2.76) npoTus
2.82 (2.02;3.51). IIpoxoauMoOCTh KPYIHBIX M MEIKUX OpOHXOB, KOTOpas XapaKTepH30Bajach
cnuporpaduyeckumu nokazatensimu MEF2s u MEF7s, Obita mocToBepHO nydmieit y nereid c
OpOHXHMATBLHON aCTMOM ¢ TOMO3UTOTHBIM TeHoTurioMm T/T, uem y nereii ¢ renotunamu C/T u C/C
- (5.46 (4.87;6,31) u 2.36 (1.89; 3.32) mpotuB 4.54 (3.69;5.43) u 4. 17 (3.24; 5.44); 1.88 (1.10;
2.56) u 1.69 (1.16;2.02), cooTBeTCTBEHHO. Y jeTei ¢ OpoHXHaIbHO# acTMo#l ¢ reHotunamu C/C
u C/T rera ACTN3 (actinin, alpha 3) rs1815739 ¢ BeposTHBIM JOCTATOYHBIM CHHTE30M OelKa
anb(a-aKTHHUHA-3 B MBIIIIAX, BO3MOXKHO 00JIee CHIIbHOE COKpPAIICHNE BIXaTEIbHBIX MBIIII] Ha
BJIOXE, a y MalUeHTOB ¢ reHoTunoM T/T, KoaupyromuyM HEJ0CTaTOYHBIM CHHTE3 Oelika ambda-
aKTHHHWHA-3 B MBIIIIAX, IPY TPUCTYIIE YAYIIIIS COKPAIICHUS MBIIII BEPOSATHO MEHEEe BBPAXKEHO,
YTO MOKET MPHUBOIAWTH K MEHEE BBIPAKECHHBIM HAPYIICHHSM BEHTHJISIIMOHHH CIIOCOOHOCTH
JIETKHX.

BoiBoabl. Msyuenune mnomumoppusma rema ACTN3 (actinin, alpha 3) rs1815739
nokazano, 4to reHotunsl C/C u C/T Oblmu aconMHMpPOBaHBI C HAPYIICHHSMU BEHTUJISIIMOHHOMN
CIOCOOHOCTH JIETKHX Y JIeTeH ¢ OpOHXHAIBHOU aCTMOM.

KiroueBbie cioBa: reH; moaumMopgusM; ajb(a-akTHHHUH-3; OPOHXHAIbHAs acTMa,

BEeHTUJISIIUOHHAS CIIOCOOHOCTE JIETKHX, JIeTH.

Introduction

Bronchial asthma (BA) is the most severe and widespread disease in pediatrics, which
necessitates its comprehensive study. Today, all over the world, there is a steady increase in the
BA incidence among child population [1]. In Ukraine, the number of patients with BA ranges
from 2 to 15% among child population and is also growing steadily. Thus, according to official
statistics data of the Ministry of Healthcare of Ukraine, 37,422 (0.49%) patients with BA were
registered among the child population in 2015 [2]. Today, bronchial asthma is defined as a
heterogeneous disease with the development of the most typical clinical sign that is an attack of
expiratory suffocation. In this case, the leading role in the formation of an attack of suffocation

belongs to bronchospasm with proliferation of myofibroblasts, hypertrophy and hyperplasia of
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unstriated smooth muscle tissue of the bronchi, as one of the components of the morphological
features of bronchial asthma [3, 4].

In recent years it has been proven that a necessary condition for the development of
bronchial asthma is a hereditary predisposition with predominant polygenic inheritances. It is
generally accepted that genetic predisposition to bronchial asthma is represented by a
combination of genetically independent components of the disease: predisposition to the
development of atopy, to the production of Ig E - antibodies and bronchial hyper-reactivity [3].
And as of today, the most significant genes that are associated with predisposition to bronchial
asthma have been identified. But, mainly these are genes that cause predisposition to atopy, while
it is worth notice the study of genetic predisposition to the development of airway hyper-
reactivity - the response of the airways in the form of spasm of bronchi smooth muscles to
various chemical, physical and pharmacological irritants, especially in children, who live in a
large industrial city in conditions of adverse environmental factors [3]. Accordingly, at
bronchospasm, the speed of air movement in the narrowed bronchi increases, which is
accompanied by an increase in resistance to air flow and at the same time the work of the
respiratory muscles increases, especially during exhalation. And here, the main object of
respiration regulation is respiratory muscles relating to skeletal muscles. It is the skeletal
respiratory muscles that play an active role in the act of inhale and exhale. Thus, when
performing a deep inhale or forced exhale, the inspiratory and expiratory muscles must take part.
And of course, the deeper an inhale or exhale is, the more muscles should contract: the internal
inter-costal muscles and the muscles lifting the ribs, chest, the diaphragm and even the spine
extensor muscles [5].

Also, the development of bronchial obstruction is facilitated by the anatomical and
physiological features of the respiratory tract of children, among which the most important are
the weak development of the muscle fiber of the bronchial wall and incompletely formed
respiratory muscles and airway narrowness [6]. And the external respiration function of patients
with asthma is provided by the coordinated work of the respiratory system, which includes the
lungs, small circle of blood circulation, respiratory regulation system and chest with respiratory
muscles [7]. Therefore, the molecular genetic studies to determine the polymorphism of the
ACTNS3 gene, which is located in the long arm of the 11" chromosome and is responsible for the

synthesis of alpha-actinin-3 protein in muscle fibers and metabolism, function, strength and rate
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of muscle contraction, can be useful for further understanding the mechanisms of development of
bronchospasm and regulation of respiration in children with bronchial asthma [8].

Purpose. Study of the pathogenetic role of the polymorphism of the ACTN3 gene
(actinin, alpha 3) rs1815739 in the development of lungs ventilation capacity disorders in
children with bronchial asthma.

Materials and methods. To study the polymorphism of ACTN3 gene (actinin, alpha 3)
rs1815739, the molecular and genetic study of 90 children aged from 6 to 18 years with bronchial
asthma, who were passing in-patient treatment at the Allergy Department of the Municipal Non-
Profit Enterprise "Children's Hospital no.5" of Zaporizhia City Council, and 25 healthy children
(control group) was conducted. There were no differences in age and sex between children with
bronchial asthma and healthy children (p> 0.05). Parents of all children signed a voluntary
consent to participate in the study. Also, all studies were conducted in compliance with the
requirements of bioethics with the obtained permission of the Biotic Commission of Zaporizhia
State Medical University.

The external respiration function was studied using a computer spirograph
"PULMOREM" TU U 33.1-02066769-005-2002 (Kharkiv). The study was performed three times
with the definition of indicators: lungs vital capacity (VCmax), lungs forced vital capacity (FVC),
forced expiratory volume per second (FEV1), ratio of FEV1% F indicators, maximum expiratory
flow at 25%, 50% and 75% FVC (MEF2s; MEFso; MEF75). Also, when diagnosing bronchial
asthma, all patients underwent a bronchodilator test according to the GOLD program [7].

The study of the polymorphism of the ACTN3 gene (actinin, alpha 3) rs1815739 was
performed in the Division of Molecular Genetic Researches of the Training Medical Laboratory
Center at the Department of Microbiology of Zaporizhia State Medical University in Zaporizhia
on the CFX96™ Real-Time PCR Detection Systems amplifier (Bio-Rad laboratories Inc., USA)
with extraction of DNA from venous blood by means of polymerase-chain reaction (Head of the
Division - Head of the Department of Microbiology, Doctor of Medical Sciences, Professor O.M.
Kamyshnyi).

The non-parametric statistical method "2 x 2 Table", the Chi-square (df = 1), was used for
statistical analysis of data. The medians and inter-quartile intervals were also calculated, and two
independent groups were compared according to the Mann-Whitney test, the OR-odds ratio with

a 95% confidence interval. The level of statistical significance p <0.05, at which the differences
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were considered significant, was used for all types of analysis. The results of the study were
processed using statistical analysis of the license software package Statistica for Windows
6.1.RU, serial number AXXR712D833214SANS5.

Results. The conducted study of the polymorphism of ACTN3 gene (actinin, alpha 3)
rs1815739 in children showed that the allelic genes were distributed almost equally in patients
with bronchial asthma. Indeed, the allelic gene C was found in 57.78%, the T allele - in 42.22%
of children. In healthy children, the frequency of occurrence of the C allele was registered
significantly more often and amounted to 82%, and the T allele, significantly less often and
amounted to 18% of cases, respectively.

The study of the distribution of genotypes of ACTN3 (actinin, alpha 3) rs1815739
polymorphism in the respective groups of the examined children is presented in the Figure 1.
Thus, the results showed that 37.7% of children with bronchial asthma had the homozygous C/C
genotype, which is responsible for sufficient synthesis of alpha-actinin-3 protein in muscles. The
homozygous T/T genotype was detected in 22.3%, and heterozygous C/T genotype - in 40% of
patients with bronchial asthma. In the group of healthy children, the homozygous C /C genotype
was registered (68%) significantly more often than in the main observation group, the
homozygous T/T genotype (4%) - and significantly less often. 28% of healthy children had the
heterozygous C/T genotype.

Given that the active role in the act of respiration belongs to skeletal muscles, we decided
to study the indicators of external respiratory function, which characterized the ventilation
capacity of the lungs, depending on the genotypes of ACTN3 (actinin, alpha 3) rs1815739
polymorphism in children with bronchial asthma. When conducting a spirometric study, which
results are presented in the Table 1, we intended to test the hypothesis that patients with bronchial
asthma and the C/C genotype, which indicated a probable sufficient synthesis of alpha-actinin-3
protein in muscles, should have better indicators of lungs ventilation function than patients with
C/T and T/T genotypes. However, it should be noted at once that no significant differences
between the indicators of lungs ventilation function were registered in children with bronchial

asthma with C/C and C/T genotypes.
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Fig. 1. Frequency of genotypes ACTN3 gene (rs1815739) in children with bronchial asthma
(BA) and practically healthy children (Healthy)
(* - p <0.05 between the relevant genotypes (C/C, T/T) of children with bronchial asthma and
healthy children)

However, on the contrary, regardless of our hypothesis, the indicators of external
respiration function in patients with homozygous C/C genotype were lower than in patients with
homozygous T/T genotype. Thus, in children with C/C and T/T genotypes, the following
differences were found: between the indicators of forced vital capacity of the lungs (FVC) - 2.69
(1.9; 3.49) against 3.11 (2.47; 4, 14), p <0, 05; forced expiratory volume at the first second
(FEV1) - 2.06 (1.6; 2.76) against 2.82 (2.02; 3.51), p <0,05.

It was also found that in children with bronchial asthma and homozygous T/T genotype,
the indicators of the maximum expiratory flow of 25% (MEF2s) and 75% (MEF7s) of FVC
volume, which characterized the patency of large and small bronchi, were significantly higher
than in children with C/T and C/C genotypes: 5.46 (4.87; 6.31) and 2.36 (1.89; 3.32) against 4.54
(3.69; 5.43) and 4. 17 (3.24; 5.44) and 1.88 (1.10; 2.56) and 1.69 (1.16; 2.02).
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Table 1
Indicators of external respiratory function in children with bronchial asthma (Me (Q25; Q75))

Indicators FVvC V Crmax FEV: FEV1%F | MEFzs | MEFso | MEFs
Genotype T/T 3,11 2,37 2,82 0,84 5,46 4,1 2,36
(n=20) (2,47; (1,94; (2,02; (0,76; (4,87; | (2,94; | (1,89;

4, 14) 3,48 3,51) 0,92) 6,31) 4,97) 3,32)

Genotype C/T 2,63 2,2 2,2 0,86 4,54 3,66 1,88
(n=36) (1,79; (1,40; (1,59; (0,79; (3,69; | (2,71; | (1,10;

3,46) 2,94) 3,19) 0,91) 5,43) 4,31) 2,56)
p (T/T-C/T) >0,05 >0,05 >0,05 >0,05 <0,05 >0,05 <0,05
Genotype C/C 2,69 2,3 2,06 0,84 4,17 3,36 1,69
(n=34) (1,9; (1,68; (1,6; (0,69; (3,24; (2,59; (1,16;
3,49) 2,69) 2,76) 0,88) 5,44) 4,03) 2,02)
p (T/T-C/C) <0,05 >0,05 <0,05 >0,05 <0,05 >0,05 <0,05
p (CIT-C/C) >0,05 >0,05 >0,05 >0,05 >0,05 >0,05 >0,05

However, at the time of examination at the in-patient department, the partially controlled
bronchial asthma was significantly more often diagnosed in children with C/T genotype than with
T/T one (75% vs. 45%, p <0.05), with an odds ratio of 3.67 (Cl = 1.15 - 11.69). Moreover, the
incidence of very low indicators of forced vital capacity of the lungs, which depend on the
development of the chest and respiratory muscles and reflect the maximum volume of air exhaled
during deep (forced) exhalation after a deep breath, was registered in 55.56% of patients with C/T
genotype against 25% - with T/T genotype (p <0,05). In patients with the C/C genotype, the
partially controlled bronchial asthma was diagnosed in 70.59% of cases and no significant
differences were observed in children with bronchial asthma with other genotypes.

The data obtained as a result of the present study can be explained by the fact that a
stronger contraction of the respiratory muscles at the inhale is possible in children with bronchial
asthma with genotypes of C/C polymorphism of ACTN3 (actinin, alpha 3) gene rs1815739 with
probable sufficient synthesis of alpha-actinin-3 protein in muscles, under conditions of atopy,
heterogeneous chronic inflammation and bronchial hyper-reactivity. However, when the air is

exhaled, the relaxation of the respiratory muscles may be insufficient on the contrary. At the
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same time, in patients with the T/T genotype, which causes insufficient synthesis of alpha-
actinin-3 protein in the muscles, the muscle contraction is probably less pronounced during an
asthma attack, and the respiratory muscles are more relaxed during exhalation.

Discussion

According to the literature sources, it is known that the reduction of bronchial myofibrils
with the development of bronchospasm occurs during the interaction of myofibrils of actin and
myosin muscles [9, 10]. However, the pathogenetic role of the ACTN3 gene polymorphism
(rs1815739) in the development of disorders of the ventilation capacity of the lungs in bronchial
asthma was not studied. Traditionally, molecular genetic studies of this gene were performed in
athletes to research their genetic predisposition to muscle strength or endurance [11, 12]. At the
beginning of the discussion, it is immediately necessary to clarify that in English-language
literature sources, the alleles are also designated as R and X in order to show that at ACTN3 gene
polymorphism, arginine (R) at position 577 is replaced by a stop codon (X), while in our study,
they are designated as C and T [13]. In this case, the homozygous C/C or R/R genotype is called
major, and the homozygous T/T or X/X genotype is called minor. Thus, while examining the
Russian Federation athletes who are engaged in track and field athletics (running, rowing,
biathlon, cross-country skiing, cycling, swimming), it was found that the incidence of the T allele
of the ACTN3 gene polymorphism (rs1815739) was 48.2%, C allele - 51.8%, C/C genotype -
29.6%; C/T genotype - 44.5%; T/T genotype - 25.9% [14].

When studying the association between the ACTN3 gene polymorphism (rs1815739) and
the athletic ability of Chinese athletes to sprint, where athletes compete in running for short
(sprint) distances in the stadium, it was found that a major homozygous genotype was registered
in athletes in 42.6%, major heterozygous genotype - in 49.1%, homozygous minor genotype - in
8.3% of cases. At the incidence of major homozygous and heterozygous genotypes these data
almost coincided with the incidence of these genotypes in our study in a group of children with
bronchial asthma. At the same time, when comparing the results of our study with the literature
data, the dominant major homozygous genotype was registered 1.5 - 2 times more often in our
group of healthy children than in Chinese sprinters or people who did not do professional sports
[15]. When studying the ACTN3 gene (rs1815739) polymorphism in children living in southern
China, the scientists found that in the group of overweight children and in the control group, the
frequency of the C allele was 57.4% and 58.6%, and T allele 42.5% and 41.3%, respectively.
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These data almost coincide with the results of our studies in the group of children with bronchial
asthma. But, according to our studies in the group of healthy children, the frequency of the C
allele was registered almost 1.5 times more often, and the T allele - 2 times less often. The
distribution of genotypes of Chinese children with excess and normal body weight was: SS -
33.3% and 34.1%; CT - 48.1% and 48.9%; TT - 18.4% and 16.9%. When comparing our results
of the study of the ACTN3 gene polymorphism (rs1815739) in healthy children, the homozygous
variant of the C/C genotype was registered 2 times more often, the heterozygous variant of the
C/T - 1.5 times more often, and the homozygous variant of the T/T genotype - 4 times less often
[8].

In Spain Thomas Yvert et al. conducted a study of the polymorphism of ACTN3 gene
(rs1815739) in children with cystic fibrosis, taking into account such indicators of lungs
ventilation function as FEV: and FVC. However, these scientists did not find significant
differences in the distribution of homozygous or heterozygous genotypes compared with healthy
children. Also in this study, no dependence of external respiration function on the allelic or
genotypic distribution of the ACTN3 gene polymorphism (rs1815739) study or any other
correlation dependencies were observed in both children with cystic fibrosis and in healthy
children. As shown in Figure in this article, in children with cystic fibrosis and in healthy
children, the incidence of ACTN3 gene genotypes (rs1815739) was about 25% and 30% for the
major homozygous RR genotype, 55% - 50% for the heterozygous R/X genotype, and 20% for
both observation groups with minor homozygous X/X genotype. In comparison, the incidence of
these genotypes almost coincides with the results of our study in a group of sick children.
However, FVC and FEV: in patients with bronchial asthma were significantly higher in the
minor homozygous T/T genotype and lower in the major homozygous C/C genotype. The
excellent results of these studies are associated both with various etiological factors and various
pathogenetic mechanisms of bronchospasm in cystic fibrosis and bronchial asthma [13].

Peter J. Houweling et al. in his review summarized the data of modern results and showed
that the ACTN3 R577X genotype was interconnected not only with indicators characterizing
sports achievements, but also affected the aging processes, state of the musculoskeletal system,
especially with hereditary progressive diseases of the muscular system. Indeed, the homozygous
minor XX genotype of ACTN3 gene (rs1815739) polymorphism, which, although it indicates a

deficiency of a-actinin-3, but at the same time is associated with a longer life expectancy and
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lower blood pressure, has a protective effect in diseases of the V type glycogen accumulation,
and also protects dystrophic muscles from damage, which can slow the progression of diseases of
the muscular system [16].

Conclusion

1. The study of the distribution of allelic genes and genotypes of ACTN3 (actinin, alpha
3) polymorphism for rs1815739 showed that among children with bronchial asthma, the
homozygous C/C genotype was recorded in 37.7% of cases, heterozygous C/T genotype in 40%
of cases, homozygous T/T genotype in 22.3% of cases, while in healthy children, the frequencies
of the homozygous C/C (68%) and T/T (4%) genotypes were significantly more frequent.

2. The indicators of external respiration function (forced vital capacity (FVC), forced
expiratory volume at the 1-second (FEV1) in patients with a homozygous C/C genotype were
significantly lower than in patients with homozygous T/T genotype and were 2.69 (1.9; 3.49) vs.
3.11 (2.47; 4, 14) and 2.06 (1.6; 2.76) vs. 2.82 (2.02; 3.51).

3. The potency of large and small bronchi, characterized by spirographic MEF25 and
MEF75 indicators, was significantly better in children with bronchial asthma with homozygous
T/T genotype than in children with C/T and C/C genotypes (5.46 (4.87; 6, 31) and 2.36 (1.89;
3.32) against 4.54 (3.69; 5.43) and 4. 17 (3.24; 5.44), and 1.88 (1.10; 2.56) and 1.69 (1.16; 2.02),
respectively.

4. In children with bronchial asthma and the C/C and C/T genotypes of ACTN3 gene
(actinin, alpha 3) rs1815739 with probable sufficient synthesis of alpha-actinin-3 protein in
muscles, a stronger contraction of the respiratory muscles on inhalation is possible, and in
patients with the T/T genotype, which encodes insufficient synthesis of alpha-actinin-3 protein in
the muscles, the muscle contraction is probably less pronounced in asthma attacks, which can
lead to less pronounced disorders of lungs ventilation capacity.

5. The study of ACTN3 (actinin, alpha 3) rs1815739 gene polymorphism showed that the
C/ C and C/ T genotypes were associated with impaired lung ventilation in children with
bronchial asthma.

Financing. The presented scientific study was performed within the scientific and
research work of the Department of Faculty Pediatrics of Zaporizhia State Medical University
"Optimization of differential diagnostics and treatment of allergic and other diseases in children
of different ages" (state registration number - 0118U004254), 2018-2022.
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Prospects for further researches

In the future, we are planning to continue studying the patterns of distribution of allelic
genes and genotypes of ACTN3 polymorphism for SNP (rs1815739) in children with bronchial
asthma depending on their physical development.

Conflict of interests: none.
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