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Abstract

Purpose. Determination and frequency analysis of the ACTN3 gene (actinin, alpha 3)
rs1815739 polymorphism, responsible for metabolism, strength and speed of muscle
movement, including the maxillofacial apparatus, in children with distal occlusion and

allergic rhinitis.
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Materials and Methods. To study the ACTN3 gene (rs1815739) polymorphism, the
molecular and genetic study was conducted in 100 children aged 6 to 18 years. The 26
patients with distal bite and allergic rhinitis were included in the first study group; the second
group consisted of 23 children with a distal bite; the third group included 30 children with
allergic rhinitis and the fourth group was made up of 21 almost healthy children. All children
did not have a statistically significant difference in sex and age. The molecular and genetic
study was carried out in the Department of Molecular and Genetic Research of the Training
Medical Laboratory Center in the Department of Microbiology of the Zaporizhia State
Medical University, Zaporizhia. The obtained study results were analyzed using non-
parametric methods of statistical analysis of the licensed software package «Statistica 6.1.
RU». The population genetic analysis with the distribution of alleles and genotypes of the
ACTNS3 gene frequency is presented in accordance with the Hardy-Weinberg principle.

Results. Studying the distribution of allelic genes and genotypes of the ACN3
polymorphism (actinin, alpha 3) rs1815739 showed that among all examined children, the
alpha actinin-3 protein was synthesized sufficiently in 36% of children with the homozygous
C / C genotype, while in case of European population it was equal to 31%; and insufficiently -
in 11% of those examined with the homozygous T / T genotype (in the European population -
in 17.9%); in a smaller amount - in 53% of children with the heterozygous C / T genotype,
which frequency corresponded to the European population (51.1%). The genotypes had the
following distribution in the study groups: in children with a combination of allergic and
orthodontic pathology; with distal bite; with allergic rhinitis and in healthy children,
respectively: homozygous C / C genotype - 38.46%; 56.52%; 33.33%; 14.3%; homozygous T
/ T genotype - 11.5%; 8.7%; 6.67%; 19.05%; heterozygous C / T genotype — 50%; 34.78%;
60%; 66.67%. In children with distal bite, the homozygous C / C genotype (rs1815739) of the
gene coding alpha-actinin-3 protein synthesis was associated with the odds ratio OR = 7.80,
Cl [1.79 - 34.07], while in children with heterozygous genotype C / T the odds of being
healthy was OR = 3.75, CI [1.08 — 13.07].

Conclusions. The dominant observation of the C / C genotype (rs1815739) of the gene
coding alpha-actinin-3 protein synthesis in children with distal bite may indicate the role of
muscle strength and their pressure on the dentition in the process of formation of children
tooth-maxillary anomalies, which shall be taken into account when selecting individual
treatment-and-preventive myogymnastics and apparatus treatment for such patients.

Key words: gene; polymorphism; alpha-actinin-3; distal bite; allergic rhinitis;

children.
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AHAJII3 YACTOTHU 3YCTPIYAEMOCTI HOJIMOP®I3MA T'EHA ACTN3 ¥
JITEM 3 OPTOJOHTUYHOIO ITATOJIOTIEIO, SIK I130J1IbOBAHOIO,
TAK I HOEJHAHOIO 3 AVIEPTTYHUM PUHITOM

T. €. llymua, O. B. Bo3uuii, T. I1. 3inuenko, O. M. Kamumnuii

3anopisbKkuii Aep:KaBHU MeIMYHMI yHiBepcHuTeT, 3anopixiksa, YKpaina

Pe3rome

Mera poOoru. BuszHaueHHs Ta NpPOBEACHHS aHali3y 4YacTOTH 3YCTPI4AaEMOCTI
noniMop¢izmy rera ACTN3 (actinin, alpha 3) rs1815739, mo BiamoBinae 3a MeTaboi3M,
CHIIy Ta IIBHUJKICTh PyXy M'i3iB, B TOMY YHCII 1 LIEJIENHO-IUIBOBOTO amnapaty, y JAiTeil 3
JUCTAIBHUM IIPUKYCOM 1 alIepriyHUM PUHITOM.

Marepiaaun Tta meroau. s BuBueHHs mosaiMopdisma rema ACTN3 (rs1815739)
OyJ0 TIPOBEIEHO MOJIEKYISIpHO-TeHeTHUHEe nociipkeHHs y 100 mite#t Bix 6 mo 18 poxkis. Jlo I
TPy CIIOCTEPEKECHHS YBIAIIIO 26 AITEH 3 AUCTAIBHUM IMPUKYCOM 1 aJIEPT1YHUM PUHITOM; JI0
Il rpynmu - 23 auTWHM TUTBKU 3 aucTaabHUM npukycoMm; ao Il rpymu - 30 miteit Tutbku 3
aneprivHuM puHitoMm; no [V rpymm - 21 mpaktuyHO 310poBa AuTHHA. Bl mitm He Manm
JOCTOBIPHUX CTAaTHCTHYHHMX BIIMIHHOCTEH 3a CTaTTIO Ta BIKOM. MOJEKYJISIPHO-TEHETUYHE
JOCIIIJDKEHHST TIPOBOJIMIIOCH Y BiUTI MOJIEKYISIPHO-TEHETUYHUX JOCTIDKEHb HABUYaJIbHOTO
MEJIMKO-TA00paTOPHOTO IIeHTpa Ha Kadeapi MikpoOiosorii 3amopi3bKoro  JAep>KaBHOTO
MeIMYHOTO YHIiBEpCHTETY, M. 3amopixks, Ha ammridikaropi CFX96™ Real-Time PCR
Detection Systems («Bio-Rad laboratories, Inc.», USA) 3 suainennsm JIHK i3 BeHO3HOT KpOBi
3a JIONOMOTOIO0 MOJIMEPa3HOi JaHLIOroBo1 peakilii. OTpuMaHi pe3yabTaTH AOCTIHKEHHS OyiIu
MpPOaHai30BaHi 3a JOTMOMOTOI0 HemapaMeTPUYHHX METOJIB CTaTHUCTUYHOTO aHaliza
JineHsiiiHoro makery mporpam «Statistica 6.1.RU». TMonmynsmiiiHuii reHeTHYHHUE aHATi3 3
po3moIioM yacToT ajneniB Ta renoTuniB reHa ACTN3 mpencrasienuit 3riiHO 3aKOHY Xapii-
Baiin6epra.

PesyabTaTu. JlocniypkeHHs po3MOJUTY alleIbHUX TEHIB Ta MeHOTHIIIB MOJIIMOpQi3My
ACTNS3 (actinin, alpha 3) rs1815739 mokasano, 1m0 cepeln BCiX 0OCTEXKEHUX diTel OiTOK
anb(a-aKTUHIH-3 CHUHTE3YyBaBCs J0OCTaTHBO y 36% mirelt 3 romo3urotHuM reHotunom C/C
(BapuabenbHicTh reHoTuny C/C B €Bpomi cknanae 31%); HenoctatHro - y 11% obcTexxenux 3
romo3urotiuM reHotunoMm T/T (B €Bpomi - 17.9%); B MeHmnii vactii — y 53% niteid 3

reTCPpO3UTOTHUM T'CHOTUIIOM C/T, YacToTa SKOTO CHIBCTaB/IsIach 3 IMOKA3HUKOM
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eporeiicbkoi momymsanii (51.1%). B rpymax cnocrepexeHHs, y IiTeld 3 IMOEIHAHHIM
aJlepriyeHoi Ta OPTOJOHTHYHOI MATOJIOTI]; 3 AUCTAILHUM IPUKYCOM; 3 aJIEPTiYHUM PUHITOM
Ta 3I0POBUX, TCHOTHITM MaJll HACTYIMHUN po3nojir: romo3urotauid reHotun C/C — 38.46%;
56.52%; 33.33%; 14.3%; romosurotuuii remorun T/T — 11.5%; 8.7%; 6.67%;19.05%;
rerepo3urotHuii renotun C/T-50%; 34.78%; 60%; 66.67%. VY niteii 3 aUCTAIBLHUM
npukycoM, romo3urotanid renorun C/C (rs1815739) rena, mo koxye cuHTe3 Oinka anmbda-
aKTHHIHA-3 acomioBaBcs 3 BigHomeHHsM manciB OR = 7.80, CI [1.79 — 34.07], B Toii yac sk
i jiteit 3 rerepo3urotauM reHoturnoM C/T manc O0yru 3n0poBumu ckinaB OR = 3.75, CI
[1.08 — 13.07].

BucnoBok. Jlominyrounii rerorunn C/C (rsl815739) rena, mo koaye cuHTe3 Oinka
anb(a-akTUHIHA-3 y JAiTell 3 TUCTAJIbHUM IMPUKYCOM MOXE CBIAUUTH MPO 3HAYEHHS CUIIH
M's31B Ta iX THCKY Ha 3yOHI1 psau mpu GopMyBaHHI 3y0O-IIeNEeNHUX aHOMAJIH y JiTeH, 110
HEOOX1IHO BpaxoBYBaTH MpH NpU3HAYEHH! I1HAUBIAYaldbHOI JIIKYBaJbHO-TIPO(MUIAKTUYHOT
MIOTIMHACTHKH Ta alapaTHOTO JIKYBaHHS y TAKUX Malli€HTIB.

KarouoBi ciioBa: re; mojiimopdizm; anabda-akTuHiH-3; QUCTAJIBHUNA TPHKYC,

ajiepriyHil puHiT; AiTH.

AHAJIN3 YACTOTHI BCTPEYAEMOCTHU MNOJUMOP®U3IMA 'EHA ACTN3 ¥
NETEN C OPTOJJOHTUYECKOM NATOJIOI'MEN, KAK N30JIMPOBAHHOM,
TAK 1 COYETAIOIIENCS C AJUIEPTMYECKUM PUHUTOM

T. E. lllymnas, A. B. Bo3nslii, T. I1. 3unuenko, A. M. KaMbImHbIi

3anopoxcKuii rocy1apCcTBeHHbIH MeIUIMHCKUH YHUBEPCUTET, 3aN0POKbe, Y KPauHa

Pesrome

Heas paGorbl. OmnpenerieHue M NPOBEJEHHE aHAIU3a YacTOThl BCTPEYAEMOCTH
noymmop¢usma rera ACTN3 (actinin, alpha 3) rs1815739, koTpblit 0TBeuaeT 3a METa0OIIH3M,
CHJIy U CKOPOCTh JIBMKEHHS MBIIIIL, B TOM YHCJIE U YEJIIOCTHO-JIMIIEBOTO ammapara, y JeTel ¢
JMCTAIbHBIM MTPUKYCOM U aJUIEPTUYECKUM PUHUTOM.

Marepuansl U Meronabl. s nsydenus nomumopdusma rena ACTN3 (rs1815739)
OBLIO MPOBEJICHO MOJIEKYISIpHO-TeHeTnYeckoe uccnenoBanue y 100 gereit ot 6 go 18 ner. B 1
rpynmny HaOJtoIeHUs BOLLIO 26 JeTel ¢ AUCTATbHBIM MIPUKYCOM U aJUIEPTHYECKUM PUHHUTOM;

Bo Il rpynmy - 23 pebeHka TonbpKO ¢ qucTanbHbIM npukycoM; B III rpynmy - 30 nereit Toiabko
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¢ ajmieprudeckum punutom; B IV rpynny - 21 npakrtuyecku 310poBbIX Aeteid. Bee netn He
UMENIM JOCTOBEPHBIX CTATUCTHYECKHX OTIMYUM IO IOy M BO3pacty. MoJeKyssipHO-
TCHETUYECKOEe  HCCIENOBaHME IPOBOAMIIOCH B  OTHENE  MOJEKYISIPHO-TCHETHYECKUX
WCCIICIOBAaHUI yYEHOTO MEIUKO-Tab0paTOPHOTO LEeHTpa Ha Kadeape MHUKPOOHOIOTHH
3armopo’KCKOro  TOCYAapCTBEHHOTO MEAWIIMHCKOTO YHHBEpPCHTETa, T. 3amopoXkbe, Ha
ammmdurarope CFX96™ Real-Time PCR Detection Systems («Bio-Rad laboratories, Inc.»,
USA) c seigenenneM JIHK u3 BeHO3HOW KpOBM TNpH TMOMOIIM MOJMMEPA3HOW IEHOM
peakuuu. [lomydeHHBIE pe3ynbTaThl UCCIENOBAaHMS OBLTM MPOAHATM3UPOBAHBI MTPH TIOMOIIH
HeTmapaMeTPHUECKUX METOJIOB CTaTUCTHYECKOTO aHall3a JIMIEH3UMOHHOTO TaKeTa Mporpamm
«Statistica 6.1. RU». TTomynsiMOHHBIA T€HETUYECKHI aHAIM3 C PACIPEICICHUEM YacTOT
aimeneit u renorunos rera ACTN3 npencrasien cormacHo 3akoHy Xapau-BaitnOepra.

Pesyabrarsl. M3yueHue pacnpeneneHuss aUIeIbHBIX T€HOB UM T€HOTUIIOB
nomumopdusma ACTN3  (actinin, alpha 3) rs1815739 mnokasano, 4YTo cpemu Bcex
o0crenoBaHHBIX JleTeil 0enok anb(ha-akKTHHUHA-3 CUHTE3UPOBAJICS JI0OCTaTOUHO Yy 36% nereit
¢ romo3urotHbM reHotunom C/C (BapuabenbHocTh reHotuna C/C B B EBpone cocrapisier
31%); nemocratouHo - y 11% oOcnenoBaHHbIX ¢ ToMO3UroTHbIM TeHoTHIIOM T/T (B EBporie -
17.9%); B MeHbIeM KosmuecTBe —y 53% nereit ¢ retepo3urotHeiM reHotrnom C/T, yactora
KOTOPOI'O COIJIacOBBIBAJIaCh ¢ TOKa3zarejeM eBporeiickoi momymsuuu (51.1%). B rpymmax
HaOMIOACHUS, Y JIETeH C COYeTaHWEeM AaJJIEPTUYECKOW M OPTOJOHTHYCCKOW MATOJIOTHH; C
JTUCTATBHBIM MPHUKYCOM; C a/UNIEPTUYECKUM PUHUTOM U 3J0POBBIX, TE€HOTHUIIBI HMMEIU
cnenyromiee pacnpenencHue: romMo3urotHeiii reotun C/C — 38.46%; 56.52%; 33.33%;
14.3%; romosuroTtHeiii reHotun T/T — 11.5%; 8.7%; 6.67%;19.05%; rerepo3uroTHbIit
reotun  C/T-50%; 34.78%; 60%; 66.67%. VY nereii ¢ AWCTAIBHBIM TPHUKYCOM,
romo3uroTHeii renotun C/C (rs1815739) rena, konmupyromero cuHTe3 Oenka anbda-
aKTUHUHA-3 aconuupoBaica ¢ otHomeHueMm mancoB OR = 7.80, CI [1.79 — 34.07], B TO
BpeMsi Kak JUIs ieTeil ¢ retepo3urotHeiM reHoturioM C/T maHc ObITh 310poBbIM cocTaBui OR
=3.75,CI[1.08 — 13.07].

BeiBoasbl. JJomunupyromuit renotun C/C (rsl815739) rena, xoaupyromuii CUHTE3
Oenka anbda-akTHHUHA-3 y JIeTel C JAUCTAIbHBIM MPUKYCOM MOYKET CBHJIETENLCTBOBATH O
3HAUYEHUW CWJIBl MBI M WX JaBJICHUU Ha 3yOHbIE psAAbl Mpu (GopMUpOBaHUU 3y0O0-
YeNOCTHBIX aHOMAIHH y JeTed, YTO HEOOXOAMMO YUUTHIBAThH MPHU MOA00pE WHANBHAYATHEHON
ne4eOHO-MPOPUIAKTUYECKON MUOTUMHACTUKHY U allllapaTHOTO JICUEHHUs y TAKUX MMAIIUeHTOB.

KiroueBbie ciioBa: reH, mnoauMoppusm; aabda-akTHHUH-3; AUCTATbHUI

NPHUKYC; aJUIepru4ecKuii pUHMT; J1eTH.
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Introduction

Nowadays as well as in the 30s of the last century, the heated discussions have been
held on the feasibility of the genetic studies. However, despite the controversial views of the
scientists, the study of genetic aspects of the disease development will allow determining the
risk of developing of a particular pathology and make it possible to timely take preventive
measures to preclude its development. The genotype is characterized by phenotypic external
features, including face features, which may be both due to heredity and the presence of
orthodontic pathology with or without disorders of nasal breathing, most often of allergic
genesis. Thus, to date the distal bite is registered in 1/3 - % part of the examined children, and
one to four children from ten suffer allergic rhinitis [1, 2]. It is known that the development of
masticatory and mimic muscles, the functional activity of the muscles of the maxillofacial
apparatus, the myofunctional harmful habits of the child also affect the formation of
orthodontic pathology, and special exercises for masticatory and mimic muscles are attributed
to the prevention of abnormal occlusion at an early age in children [3]. Thus, in order to
normalize muscle strength to prevent the development of occlusion anomalies or even to
correct them, the muscles of the mouth, masticatory muscles, temporal and wing-palatal
muscles are to be trained. In this case, the myogymnastics, aimed at performing exercises
with multiple contractions of the muscles leads to thickening of the muscle fibers and
increases their mass, especially strengthening the colonic muscle of the mouth and the
muscles that protrude the lower jaw [3]. But the effectiveness of these exercises may depend
not only on the professionalism of the physician who prescribes myogymnastics and diligence
of the patient performing it, but also the presence or absence of alpha-actinin-3 protein
synthesized in muscle fibers and responsible for metabolism, strength and muscle contraction
speed and coded by the ACTN3 gene, which is located on the long section of the 11th
chromosome [4, 5]. Therefore, the effectiveness in achieving a positive preventive or
therapeutic effect from prescribed muscle exercises during orthodontic pathology may depend
on presence or absence of alpha-actinin-3 protein in the muscle of children. At the same time,
the polymorphism of the ACTN3 gene may be one of the causes of metabolic disorders and
decrease in the strength and speed of muscle movements, which will limit the ability to
achieve positive therapeutic and preventive results from the appointment of myogymnastics.

Consequently, the molecular and genetic studies with the determination of ACTN3
gene polymorphism may be useful both for further understanding of the causes of distal bit

and for predicting the effectiveness of therapeutic and preventive measures in conducting
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special exercises for masticatory and mimic muscles in children, both with isolated
orthodontic and with comorbid pathology.

The presented research is a fragment of the scientific and research work of Faculty
Pediatrics Department 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 years.

Purpose

Determination and frequency analysis of the ACTN3 gene (actinin, alpha 3)
rs1815739 polymorphism, responsible for metabolism, strength and speed of muscle
movement, including the maxillofacial apparatus, in children with distal occlusion and
allergic rhinitis.

Materials and Methods

To study the ACTN3 gene (actinin, alpha 3) rs1815739 polymorphism, the molecular
and genetic study was conducted in 100 children aged 6 to 18 years. The 26 patients with
distal bite and allergic rhinitis were included in the first study group; the second group
consisted of 23 children with a distal bite; the third group included 30 children with allergic
rhinitis and the fourth group was made up of 21 almost healthy children. All children did not
have a statistically significant difference in sex and age. The molecular and genetic study was
carried out in the Department of Molecular and Genetic Research of the Training Medical
Laboratory Center in the Department of Microbiology of the Zaporizhia State Medical
University, Zaporizhia, on the CFX96™ Real-Time PCR Detection Systems (Bio-Rad
laboratories, Inc., USA) amplifier with the release of DNA from venous blood through a
polymerase chain reaction (Head of the Department of Molecular and Genetic Research of the
Training Medical Laboratory Center of the Zaporizhia State Medical University - the Head of
the Department of Microbiology, Doctor of Medicine, Professor O.M. Kamyshnyi).

The obtained study results were analyzed using non-parametric methods of statistical
analysis of the licensed software package «Statistica 10.RU» (non-parametric statistical
method "2 x 2 Table"; odds ratio (OR) with the detection of the confidence interval (Cl) by
the Woolf method). When comparing the indicators in each group of children, the differences
p <0.05 were considered statistically significant. To evaluate the feature diagnostic
significance the following indicators as sensitivity, specificity, accuracy and predictive value
of positive and negative results were determined [6]. The population genetic analysis with the
distribution of alleles and genotypes of the ACTN3 gene frequency is presented in accordance

with the Hardy-Weinberg principle [5].
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Results

The study of the ACCT3 gene (actinin, alpha 3) rs1815739 polymorphism showed that
in general the heterozygous C / T genotype was recorded in 53% (53/100) of 100 children
examined. The homozygous genotypes occurred reliably less frequently, namely, the C / C
genotype - in 36% (36/100) cases (p < 0.05) and least rarely the T / T genotype - in 11%
(11/100) of children, as when compared with the frequency of occurrence of C / T genotype
(p < 0.05) and with the frequency of C / C genotype (p < 0.05). We compared these data with
the results of the dbSNP database of the US National Center for Biotechnological Information
[7]. 1t may be said that the frequency of the heterozygous C / T genotype in our studies was
close to the frequency of occurrence in AMR (Ad Mixed American) and CHS (Southern Han
Chinese) populations, in which it was equal to 53.3%. At the same time, its lowest frequency
(16.2%) was recorded in LWK (Luhya in Webuye, Kenya) and the highest frequency (59.2%)
- in GIH (Gujarati Indian from Houston, Texas); and in the European population the C/ T
genotype was 51.1%. Our data on the C / C genotype approached the frequency of occurrence
(35%) of the homozygous C / C genotype in CHB (Han Chinese in Beijing, China), while the
variability of this genotype in populations ranges from 9.8% in STU (Sri Lankan Tamil from
the UK) to 83.8% in LWK (Luhya in Webuye, Kenya), and in Europe it is 31%. As for the
homozygous T / T genotype, the results of our studies (11%) approached the frequency of
occurrence (13.1%) of this genotype in FIN (Finnish in Finland), while its variability varies
from 0.5% in AFR (African) to 55, 3% in PEL (Peruvians from Lima, Peru) and in Europe is
was recorded with a population frequency of 17.9% [7].

The analysis of the allele distribution in all examined children showed that the
frequency of allelic C gene occurrence was 62.5% and the T allele occurrence - 37.5%,
p < 0.05. Our indicators for the frequency of C allele are close to the data characterizing the
population of CHS (Southern Han Chinese) - 60% and CHB (Han Chinese in Beijing, China)
- 63.4%, and regarding the frequency of the T allele - FIN (Finnish in Finland) - 34.3%, KHV
(Kinh in Ho Chi Minh City, Vietnam) - 40.9%. In the European population, the frequency of
the C and T allele was 56.6% and 43.4%, respectively [7].

We also analyzed the frequency of occurrence of the allelic genes and genotypes of the
ACTNS3 gene (rs1815739) polymorphism in children from the 1st, 2" and 3rd study groups
and in healthy children. Thus, when studying the ACTN3 gene polymorphism (rs1815739) in
the 1% group | of children with combined orthodontic and allergic pathology, the homozygous

C / C genotype was recorded in 38.46% (10/26) cases and the heterozygous C / T genotype in
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50% ( 13/26) cases, that is significantly more often in comparison with the homozygous T/ T
genotype, which was detected only in 11.5% (3/26) of cases (p < 0.05, respectively).

In children with distal bite (the 2" study group) among the homozygous genotypes,
the C / C genotype prevailed, which was recorded in 56.52% (13/23) children versus 8.7%
(2/23) patients with T / T genotype, p < 0.05. The heterozygous C / T genotype was diagnosed
in 34.78% (8/23) of the patients and as well as in the previous group significantly more often
in comparison with the homozygous T / T genotype, p < 0.05.

In children without orthodontic pathology, but with nasal breathing defects due to
allergic rhinitis from the 3™ study group the heterozygous C / T genotype was significantly
more frequent, which frequency made 60% (18/30) against the homozygous C / C genotypes -
33.33% (10 / 30), p < 0.05 and T / T genotypes - 6.67% (2/30), p < 0.05. But among the
presented homozygous genotypes, the C / C genotype reliably prevailed than the T / T one,
p < 0.05, respectively.

In healthy children of the 4" control group, the heterozygous variant of the C / T
genotype was recorded with a frequency of 66.67% (14/21), that is significantly more often
than the homozygous C / C and T / T genotypes, which occurred with a frequency of 14.3%
(3/21) and 19.05% (4/21).

The comparative characteristics of the frequency of occurrence of each of the
genotypes of the ACTN3 gene (rs1815739), both within each of the examined groups of
children and depending on the presence or absence of orthodontic and / or allergic pathology
in the examined children is presented in the Figure 1.

Thus, the frequency of occurrence of the T / T genotype did not have significant
differences in children of different study groups. But in patients with orthodontic pathology in
the 2" study group the homozygous C / C genotype was recorded significantly more often
and the heterozygous C / T genotype was less common than in almost healthy children from
the 4th group: 56.52% vs. 14.3%, p < 0.05 and 34.78% versus 66.67%, p < 0.05, respectively.

The frequency of occurrence of the ACTN3 gene (rs1815739) alleles according to the
Hardy-Weinberg equilibrium law of inheritance is presented in Fig. 2. It showed that children
with orthodontic pathology were significantly more likely to be carriers of the C allele
(73.9%) and less often T (26.1%) allele, while in healthy individuals the distribution of C and
T alleles was almost the same and amounted to 47.6% and 52.4%, respectively. Therefore, the
relation of the C allele with the distal bite in children when compared with a healthy group
was characterized by the odds ratio OR = 3.12, CI [1.27 - 7.62] (Table 1).
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Fig.1. Characteristics of genotypes of the ACTN3 (rs1815739) gene in children
(* - p <0.05 in comparison with the corresponding Il and 1V groups of children; ¢/c;t/T -
reliability in group of children, p<0.05).
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Fig.2. Frequency of occurrence of alleles of of genotypes of the
ACTN3 (rs1815739) gene in children
(* - p <0.05 in comparison with the Il and IV groups of children).
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Table 1 - Characteristics of the distribution of allelic genes in children Il and 1V groups

according to the data of multiplicative models of inheritance (chi-square test, df = 1)

I v
Allelic xz p OR 95% CI
n=23 n=21
C 0.739 0.476 3.12 1.27 -7.62
6.40 0.01
T 0.261 0.524 0.32 0.13-0.78

Also in children with distal bite the homozygous C / C genotype (rs1815739) of the
gene coding alpha-actinin-3 protein synthesis was associated with the odds ratio OR = 7.80,
CI [1.79 - 34.07] (Table 2). At the same time, children with the heterozygous C / T genotype
and homozygous T / T genotypes (rs1815739) often did not have distal bite (Table 3).

Table 2 - General model of inheritance in children Il and IV groups
(chi-square test, df = 2)

Genotypes - :”23 - |:V21 v p OR 95% CI
c/C 0.565 0.143 7.80 1.79 — 34.07
CIT 0.348 0.667 8.48 0.01 0.27 0.08 —-0.93
TIT 0.087 0.190 0.40 0.07-2.48

Table 3 - A recessive model of inheritance in children Il and 1V groups

(chi-square test, df = 1)

1 v
Genotypes 2 OR 95% ClI
P n=23 n=21 x P
c/C 0.565 0. 143 7.80 1.79 — 34.07
8.46 0.004
C/IT+TI/T 0.435 0.857 0.13 0.03-0.56

This made it possible to determine the prognostic associative significance of the
homozygous C / C genotype (rs1815739) with orthodontic pathologies in children with the
specificity - 85.7%; sensitivity - 56.52%, accuracy - 70.45%, predictive value for a positive
result - 81.25% and the predictive value for a negative result - 64.29%. Consequently, on the
one hand, the molecular and genetic study determining the polymorphism of the ACTN3 gene

(rs1815739) coding alpha actinin-3 protein synthesis in children can be recommended to
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determine the risk of orthodontic pathology, and on the other, it will allow to recommend the
preventive measures aimed at substantiation of the purposefulness to prescribe
myogymnastics or individual selection of therapeutic and gymnastic exercises and apparatus
methods of treatment.
Discussion

As of today it is known that changes in the muscle tone of the perioral area, occiput
and neck are the root cause of the occurrence of tooth-maxillary anomalies. It may be
supported by an underdevelopment of the orbicular muscles of the mouth and / or facial
muscles, and vice versa, strong pressure of the cheeks on the lateral parts of the dentition or
pressure of the lips and tongue on the dentition, which violates their proper forging and
retards the growth of the jaw [3]. But there are almost no data on the genetic aspects of the
study of muscle strength in children with the detection of the polymorphism of the ACTN3
(rs1815739) gene, coding the synthesis of the alpha-actinin-3 protein. To date, it has been
proven that the ACTN3 R577X genotype is a modifier of the clinical phenotype in patients
with Duchenne muscular dystrophy [8]. The references also describe the results of the studies
dedicated to searching the genetic markers that characterize muscle strength and endurance in
sportsmen [9, 10, 11, 12]. Therefore, the polymorphism of the ACTN3 gene was suggested to
be taken into account when selecting exercises and trainings [13, 14, 15]. The interrelation of
the ACTN3 polymorphism with the phenotype of muscle function defect, bone tissue mineral
density and metabolic disorders in elderly people, including women, was also studied,
followed by the selection of exercises to maintain their health state [13, 16]. According to the
results of the analyzed studies, the dominant detection of the C / C genotype (rs1815739) of
the gene coding alpha-actinin-3 protein synthesis in children with distal bite may indicate the
role of muscle strength and their pressure on the dentition in the process of formation of
children tooth-maxillary anomalies, which shall be taken into account when selecting
individual treatment-and-preventive myogymnastics and apparatus treatment for such
patients.
Conclusions

1. Studying the distribution of allelic genes and genotypes of the ACN3
polymorphism (actinin, alpha 3) rs1815739 showed that among all examined children, the
alpha actinin-3 protein was synthesized sufficiently in 36% of children with the homozygous
C / C genotype, while in case of European population it was equal to 31%; and insufficiently -

in 11% of those examined with the homozygous T / T genotype (in the European population -
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in 17.9%); in a smaller amount - in 53% of children with the heterozygous C / T genotype,
which frequency corresponded to the European population (51.1%).

2. The genotypes had the following distribution in the study groups: in children
with a combination of allergic and orthodontic pathology; with distal bite; with allergic
rhinitis and in healthy children, respectively: homozygous C / C genotype - 38.46%; 56.52%;
33.33%; 14.3%; homozygous T / T genotype - 11.5%; 8.7%; 6.67%; 19.05%; heterozygous C
/ T genotype — 50%; 34.78%; 60%; 66.67%.

3. In children with distal bite, the homozygous C / C genotype (rs1815739) of the
gene coding alpha-actinin-3 protein synthesis was associated with the odds ratio OR = 7.80,
CI[1.79 - 34.07].

4. The dominant observation of the C / C genotype (rs1815739) of the gene
coding alpha-actinin-3 protein synthesis in children with distal bite may indicate the role of
muscle strength and their pressure on the dentition in the process of formation of children
tooth-maxillary anomalies, which shall be taken into account when selecting individual
treatment-and-preventive myogymnastics and apparatus treatment for such patients.

5. The children with allergic rhinitis and combined orthodontic pathology with
allergic rhinitis, the homozygous C / T and T / T genotype (rs1815739) of the gene ACTNS3,
treat allergic rhinitis for ensure nasal breathing and prevent the development of facial skeleton
deformities with a distal bite.

Prospects for further researches

In the future, we are planning to continue studying the distribution patterns for allelic
genes and genotypes of the ACTN3 polymorphism for SNP (rs1815739) in more children and
for IL-4 gene polymorphism for SNP (rs2243250) in patients with nasal obstruction of
allergic genesis, distal bite and combined allergic and orthodontic pathology with the

performance of the results comparative characteristics.
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