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Research of distribution pattern of allelic genes and genotypes
of C/A polymorphism of COL1A1_1 collagen gene (RS1107946)
in children with nasal obstruction of allergic genesis and orthodontic

pathology
T. Ye. Shumna, 0. M. Kamyshnyi, T. P. Zinchenko

Zaporizhzhia State Medical University, Ukraine

Purpose. Determination of the genotypes of C/A polymorphism of COL1A1_1 collagen gene (rs1107946) and patterns of
distribution of allelic genes in children with nasal obstruction and orthodontic pathology.

Materials and methods. A molecular-genetic study for determination of C/A polymorphism of COL1A1_1 collagen gene
(rs1107946) was performed in 99 children at the age of 6 to 17 years, for 11 months and 30 days inclusive; 30 children of
which had nasal obstruction due to allergic rhinitis without abnormal distal occlusion (the first group); 23 children had just
the distal occlusion (the second group); 26 children had allergic rhinitis and distal occlusion (the third group); 20 almost healthy
children (the fourth group). Genotyping was performed by the polymerase chain reaction method (Applied Biosystems, USA)
using the total DNA samples isolated from whole venous blood using a set of reagents SNP-Screen (Syntol manufacturer)
on the CFX96TM Real-Time PCR Detection Systems amplifier (Bio-Rad Laboratories, Inc., USA). Non-parametric statistic
methods of the licensed software package Statistica for Windows 6.1.RU, serial number AXXR712D833214SAN5 was used
for processing the research results.

Results. Molecular-genetic study of the distribution patterns of allelic genes and genotypes of the C/A polymorphism of
the COL1A1_1 (rs1107946) collagen gene in the examined children showed that the frequency of occurrence of the C allele
was significantly higher than the Aallele (71.72 % and 28.28 %, respectively). In this case, the homozygous C/C genotype was
registered most often (68.69 %), homozygous genotype A/A (25.25 %) was rarely registered and heterozygous C/A (6.06 %)
was very rarely registered. In the observation groups, in children with allergic rhinitis, distal occlusion and a combination of
allergic and orthodontic pathology, the genotypes had the following distribution: the C/C genotype —76.67 %; 34.78 %; 73.00 %;
A/A genotype —20.00 %; 56.52 %; 17.39 %; A/C genotype — 3.33 %; 8.70 %; 11.54 %. The occurrence frequency of alleles of
the C/A polymorphism of the COL1A1_1 collagen gene (rs1107946) in the examined children showed that the children with
distal occlusion were significantly frequent carriers of A allele (60.87 %), whereas the carriers of C allele were predominantly
children with allergic rhinitis (78.33 %), with combined allergic and orthodontic pathology (78.85 %) and healthy (90.00 %),
P <0.05. The correlation between the results of the study conducted in groups of children with the distal occlusion and practically
healthy showed that the sensitivity of the presence of A allelic gene was equal to 60.87 %, specificity — 90.00 %, accuracy —
61.54 %. Since the sensitivity and specificity of the diagnostic test exceeded 50.00 %, the prognostic value for the positive
result was equal to 87.50 % and for the negative result — 66.67 % and confirm this prognostic significance for the development
of the orthodontic pathology in children. This will allow improving the preventive measures in children with orthodontic pathology.

Conclusions. The molecular-genetic studies for determining the Aallele (rs1107946) of the COL1A1_1 collagen gene in children
could be recommended to determine the risk of development and the need for early prevention of the distal occlusion in children.

DocAipKeHHA 3aKOHOMIPHOCTEN PO3NOAIAY aA€AbHUX FeHiB i reHoTUniB noAiMopdiamy
C/A reHa konareHy COL1A1_1 (rs1107946) y aiteu i3 HazaAbHOIO 06CTpyKUi€ElD
anepriyHoro reHe3y Ta OPTOAOHTUUHOKO NATOAOTIEID

T. €. WymHa, 0. M. KamuwwHui, T. . 3iHUeHKo

MeTa po6oTu — B13Ha4eHHs reHoTunie nonimopdiamy C/A reHa konareHy COL1A1_1 (rs1107946) i 3akoHOMipHOCTE# po3noginy
anenbHVX reHis y AiTel i3 HazanbHOK 0BCTPYKLIED anepriyHoro reHesy Ta OPTOAOHTUYHO NaTomMOriE.

Martepianu Ta meToamn. MonekynspHo-reHeTUYHE JOCTIMKEHHS ANs BU3Ha4eHHs nonimopdpiamy C/A reHa konareHy COL1A1_1
(rs1107946) 3pincHunm y 99 piteit Bikom Big 6 go 17 pokis, 11 micsuis 30 AgHIB BkMOYHO; i3 HUX 30 AiTel 3 HasanbHO 06-
CTPYKLUI€t0 BHACNIAOK anepriyHoro puHiTy 6e3 aHomarnbHOro AuctansHoro Npukycy (I rpyna); 23 AUTUHYM TiNbK1 3 AUCTaNbHAM
npukycom (Il rpyna crnoctepexeHHst); 26 AiTen 3 anepriyHnM pUHITOM Ta auctanbHUM npukycom (Il rpyna cnoctepexeHHs);
20 npakTnyHo 3p0poBux Aitei (IV, KOHTponbHa rpyna). [eHOTUNYBaHHA BUKOHANM METOAOM MoMiMepasHoi NaHLIroBoi pe-
akujii 3rigHo 3 iHcTpykuieto (Applied Biosystems, USA) 3 BukopuctanHsm 3paskie TotanbHoi [JHK, koTpa BugineHa 3 uinbHoi
BEHO3HOI KPOBi, 3 BUKOpUCTaHHsIM Habopy peareHTiB « SNP-CkpiH» (BupobHuK «Syntol») Ha amnnicbikatopi CFX96™ Real-
Time PCR Detection Systems (Bio-Rad Laboratories, Inc., USA). ins cTaTUCTUYHOTO aHanidy pesynsTaTiB AOCTiIKEHHS!
BMKOpUCTanM HenapameTpyyHi METOAM CTaTUCTMKM NiLeHsinHoro naketa nporpam Statistica for Windows 6.1.RU, cepiiitnii
Homep AXXR712D833214SAN5.

Pe3ynkraTtn. MonekynsipHo-reHeTu4He JOCNimKeHHS 3aKOHOMIPHOCTEN PO3noginy anerbHUX reHis i reHoTvniB noniMopdiamy
C/A reHa konareHy COL1A1_1 (rs1107946) B o6cTexeHuMx AiTern nokasano, Lo YacTota BusieneHHs anens C 6yna siporigHo
GinbLuoto, Hix anens A (71,72 % ta 28,28 % sianosigHo). Mpu LbOMyY HabiNbLL YacTo PeecTpyBany roMO3UIrOTHUIA FeHOTUN
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CIC (68,69 %), pipLue — romosurotHuii reHotun A/A (25,25 %) i pyxe pigko — retepoaurothuii C/A (6,06 %). Y rpynax cno-
CTEPEXEHHS Y [iTeNn 3 anepriyHnM pUHITOM, AUCTanNbHUM NPUKYCOM i 3 NOEAHAHHSAM anepriyHoi Ta OPTOAOHTUYHOI NaTONOrii
reHOTMNW Manu Takun poanogin: reHotun C/C — 76,67 %; 34,78 %; 73,00 %; retotun A/A — 20,00 %; 56,52 %; 17,39 %;
reHotun A/C — 3,33 %; 8,70 %; 11,54 %. AHani3 yacToTu BusiBneHHst anenen nonimopdiamy C/A reHa konareHy COL1A1_1
(rs1107946) nokasaB: AiT 3 PEHOTUNOBMMU O3HAKaMW AMCTarIbHOMO NMPUKYCY BIPOriAHO YacTiwe 6ynu Hocismu anens A
(60,87%), a Hocismu anens C nepeBaxHo Oynu AiTW 3 anepriyHuM puHiTom (78,33 %), 3 NoOEAHaHOK anepriYHo Ta opTo-
[ZOHTWYHoto natonorisamu (78,85 %) i 3poposi (90,00 %), p < 0,05. MporHocTMYHa YyTNMBICTb HASIBHOCTI anenbHoro reHa A B
PO3BUTKY AMCTarNbHOMO NPUKYCy B Aiten ctaHosuna 60,87 %, cneumdiynicts — 90,00 %, TouHicTb — 61,54 % (nepesuLlyBanu
50,00 %), NPOrHOCTMYHA LiiHHICTb Ans NO3UTUBHOIO pe3ynbraty ctaHosuna 87,50 %, ans Big'emHoro — 66,67 %, wo nia-
TBEPAKYBaNo MOro NPOrHOCTWUYHY 3HAYYLLICTb Y BUSHAYEHHI pU3NKY PO3BUTKY OPTOAOHTWYHOI NaTonorii B AiTel i3 HagaHHAM
6inbLUOT MOXNMBOCTI paHO M eHEKTUBHO BXMBATW NPOGINaKTUYHi 3axXoau.

BucHoBku. MonekynspHo-reHeTnyHe JOCnimxeHHs 3 Bu3HaveHHsaM anens A (rs1107946) reHa konareny COL1A1_1y aiten
MOXHa peKOMeHZyBaTV ANt BUHAYEHHS! PU3VKY PO3BUTKY Ta HEOOXIOHOCTI paHHbOI NPOMINaKTUKW AUCTANbHOMO NPUKYCY B
niTen.

WUccaepoBaHKe 3aKOHOMEPHOCTEN pacnpeAeAeHUs aAeAbHbIX FEHOB
M reHoTUNOB noAuMop¢duama C/A reHa koamareHa COL1AL_1 (rs1107946) y aetert
C Ha3aAbHOM 06CTPYKLMEH aANepruuecKoro reHesa U OpTOAOHTUUECKOM naTonoTel

T. E. lUymHas, A. M. KambllHbIH, T. M. 3MHUEHKO

Llenb pa6otkl — onpeneneHue reHotunos nonnmopduama C/A reda konnareHa COL1A1_1 (rs1107946) n 3akoHOMepHOCTE!
pacnpenenenust annenbHbIX FeHOB Y AETeW C Ha3arnbHOM OBCTPYKLVE anneprniyeckoro reHesa 1 OpTOAOHTUHECKON NATONOrUEN.

Marepuansi u metoabl. MonekynsipHo-reHeTUMECKOE UCCreaoBaHe Ans onpeaeneHus nonumopdmama C/A reHa konnareHa
COL1A1_1 (rs1107946) npoBeneHo y 99 peteit B BospacTeoT 6 Ao 17 ner, 11 mecsues, 30 AHEN BKIHOUNTENBHO; U3 HUX 30
ZeTel ¢ HasanbHoM 0O6CTPyKUMEN annepriyeckoro reHesa 6e3 aHomanbHOro AuctanbHoro npukyca (I rpynna); 23 peberka
TOMNbLKO € AncTanbHbIM npukycoM (Il rpynna); 26 geteit ¢ annepryeckM puHUTOM U auctanbHeiM npukycom (Il rpynna); 20
npakTuyeckn 3n0poBeIx aetent (IV, KoHTponbHas rpynna). FfeHoTMNMpOBaHKe NPOBEAEHO METOAOM MONMMEpPasHoi LienHom
peakumu cornacHo MHeTpykumm (Applied Biosystems, USA) ¢ ncnonb3oBaHmem obpasuos TotansHon [HK, BblaeneHHow n3
LIENbHOV BEHO3HOW KPOBW, C UCMomNb3oBaHeM Habopa peareHToB «SNP-CkpuHy (nponssogumTens «Syntoly ) Ha amnnmdmkatope
CFX96™ Real-Time PCR Detection Systems (Bio-Rad Laboratories, Inc., USA). [ins cTatucTyeckoro aHanuaa pesynsratos
CCrefoBaHns UCMONb30BaHbl HemapaMeTpuyeckme MeToabl CTaTUCTUKM NMULIEH3NOHHOMO nakeTa nporpamm Statistica for
Windows 6.1.RU, cepuitHbiii Homep AXXR712D833214SANS.

Pesynbrathl. MonekynsipHo-reHeTu4eckoe UccrneaoBaHue 3akoHOMEPHOCTEN pacrpenenenus anmnernbHbIX FeHOB ¥ FeHOTMMNOB
nonumopdmama C/A reHa konnareHa COL1A1_1 (rs1107946) y o6cnenoBaHHbIX AeTEN NOKa3aro, YTo YacToTa BCTpevaeMo-
ctn annensi C Gbina JocToBePHO BhiLwe, Yem annens A (71,72 % un 28,28 %, cootBeTcTBEHHO). Npyn 3TOM Hanbonee YacTo
peructpuposani romMosnroTHeli reHotun C/C (68,69 %), pexe Bbin BbisSBNeH roMmoaunroTHbIn reHotun A/A (25,25 %), o4eHb
penko — retepoaurotHbIn C/A (6,06 %). B rpynnax HabniogeHus y f4eTer ¢ annepriyeckuM pUHUTOM, AUCTanbHbIM MPUKyCoM
11 COMETAHWEM arneprnieckom 1 OpToLOHTUYECKON NaTONOMIA FeHOTUMbLI UMENU criefytoLee pacnpeneneHue: reHotun C/C —
76,67 %; 34,78 %; 73,00 %; reHotun A/A — 20,00 %; 56,52 %; 17,39 %; reHotun A/IC — 3,33 %; 8,70 %; 11,54 %. AHanu3
4acToTbl BCTpeyaemocTy anneneit nonumopduama C/A reHa konnareHa COL1A1_1 (rs1107946) nokasan: oetu ¢ peHoTMnu-
YECKMMM NPU3HaKaMM1 QUCTanNbHOM NpUKyca AOCTOBEPHO YalLLe Bbinu Hocutensmu annens A (60,87 %), a Hocutensamy annens
C npeumyLLEeCTBEHHO BbInn AEeTW € annepriyeckuM puH1Tom (78,33 %), C CoMeTaHHO anneprvyeckon N OpTOSOHTUYECKON
natonoruei (78,85 %) u 3agoposbie (90,00 %), p < 0,05. MporHocTnyeckas YyBCTBATENBHOCTb HANMYUS anmnensHoro reHa A B
pasBUTWM aMCTanbHOro npukyca y aeten coctaeuna 60,87 %, cneundmurHocts — 90,00 %, TouHOCTb — 61,54 % (NpeBbiwanm
50,00 %), nporHocTuyeckas LIeHHOCTb AJ151 MONOXUTENbHOrO pesynerata coctasuna 87,50 %, Ans otpuuarensHoro — 66,67 %,
YTO MOATBEPXKAANO Er0 MPOTHOCTUYECKYIO 3HAYMMOCTb NPU ONpeSeneHny prcka pasBUTUS OPTOAOHTUYECKOW naTonorum y
Aeteli ans 6onee paHHero 1 3EKTUBHOTO NPOBEAEHNS NPOUNAKTUYECKNX MEPOMPUSTHIA.

BriBoabl. MonekynspHo-reHeTuyeckoe onpenenenve annens A (rs1107946) rena konnarena COL1A1_1y aeTeit MoxeT ObITb
peKoMeHAO0BaHO NS OnpefeneHuns pucka paseuTis U HeOBXOAMMOCTY paHHel NPOUNaKTKM A1CTaNbHOTO NpUKyca y feTen.

Introduction

Recently, the interest of both medical academics and
practitioners to understanding of the genetic aspects of
the formation of various diseases in children, including
both somatic and orthodontic pathology, has grown
significantly. Nowadays one of the most common max-
illary dental anomalies in children is a distal occlusion,
the frequency of which ranges from 34.8 % to 52.6 %,
and one of the leading etiological factors in the formation
of distal occlusion is heredity and violation of the nasal
type of respiration, that is nasal obstruction [1,2]. The
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individual differences in the child’s phenotype with or-
thodontic pathology and/or nasal obstruction are caused
by genes polymorphisms, and polymorphic genes are
genes that are represented in the population by many
alleles (various forms of the same gene), which causes
the diversity of intrinsic features [3]. Typical examples of
phenotypic manifestations of orthodontic pathology and
nasal obstruction in children can be the following known
stigma of dysembrionesis, such as anomalies of the na-
sopharyngeal and oral structure, hypoplasia of one half
of the nose, distortion of the nasal septum, hypoplasia of
the nose, shortening or lengthening of the distance from
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the tip of the nose to the upper lip, the upper jaw displace-
ment forward and backward due to actual changes in size
or relative growth inconsistency of the upper and lower
jaws — prognathia and retrognathia, similar anomalies of
the lower jaw — progenia, or lower prognathia and micro-
genia, increase and decrease in the size of the mouth —
macrostomy and microstomy, teeth — macrodontia and
microdontia, reduced number and complete absence of
teeth —adentia, oligodontia, the presence of gap between
the central incisors — diastema, high growth disturbance
and teeth overcrowding, growth of teeth outside the tooth
row, “Gothic” high arch-like palate and various bite
anomalies [4]. Most often, they are caused by various
hereditary syndromes, including those associated with
genes mutations of collagen of the first type (COL1A1),
such as Ehlers-Danlos syndrome, of the first and sev-
enth types and Ehlers-like phenotype; Marfan syndrome
and Marfan-like phenotype or Marfanoid appearance;
imperfect osteogenesis; syndrome of connective tissue
dysplasia [5-9].

Collagen is a fibrillar protein that forms the basis of
the connective tissue of the body and the main insoluble
protein in the teeth tissues. More than 90 % of collagen
is collagen of the first type, which is the main protein ele-
ment of the skin, blood vessels, tendons, cartilage, bones,
teeth and which provides them with the greatest strength
and elasticity under mechanical stress [10]. Therefore
the gene mutations, responsible for collagen which forms
the connective tissue, promote the development of con-
nective tissue dysplasia syndrome, one of the phenotypic
manifestations of which is the development of an ortho-
dontic pathology and an irregular occlusion in children.

The special role of collagen in the functioning of
the human teeth-jaw system is also connected with
the fact that the teeth in the wells of the alveolar pro-
cesses are fixed with periodontal bonds, formed precisely
by collagen fibers [11]. At the same time, the formation
of orthodontic pathology in children, including distal
occlusion as well, may also be due to nasal obstruction
of allergic genesis. Nowadays, the incidence of allergic
rhinitis in children reaches from 10 % to 40 % in urbanized
large cities [12]. Year-round or even seasonal rhinitis
leads to the fact that the nose is permanently clogged
or has secretions and the baby always breathe through
the mouth. When breathing through the mouth, the upper
jaw narrows, the high palate is formed, the form of the jaw
arches changes and distal occlusion is formed [2].

Therefore, at present stage, to understand develop-
ment genesis of orthodontic pathology and to evaluate
the individual differences in the phenotype it is neces-
sary to perform molecular-genetic research in order to
determine the collagen gene polymorphism and bone
marrow metabolism (COL1A1), that will allow to predict
the developmental risks and prevention of distal occlusion
in children. It is known that the preventive orthodontic,
myotherapeutic and other exercises are conducted
during the specific age and are aimed at the prevention of
the stable occlusion disorders. The occlusion abnormali-
ties prophylaxis is prevention, detection and elimination of
the risk factors of dento-gnathic abnormalities occurrence
at the stage of the child’s growth and development. The
first prophylaxis period may be conducted before the child
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conceiving during the medico-genetic parents consultation.
In the second pre-natal period much attention is paid to
the health condition and food ration of the pregnant which
is very essential for the normal development of the child
and its dental apparatus. In the third lactation period during
the first 6 months of the child’s life the breastfeeding
is of utmost importance for the correct development of
the child’s dento-gnathic system, and if there is no such
possibility the teats shall be used which, by their form and
elasticity are similar to the breast nipple. The child should
not suck its fingers, tongue and fist, in extreme cases
the “orthodontic” teats shall be used. It is also necessary
to accustom the child to the right position in its bed during
sleeping. In the fourth period (from 6 months to 2.0-2.5
years) of the temporary occlusion and during the fifth
changeable occlusion period (6-13 years) the children
should be provided with optimal conditions for the normal
growth and development of the dento-gnathic apparatus
with the prevention of the calcium exchange disorders
and diseases of nose, nasopharynx and larynx, mouth
cavity including the teeth and gums. The children shall be
taught how to brush their teeth correctly and quickly, mill
the solid food with their teeth, as well as dry bread, crude
vegetables and fruits. For the stimulation of the growth
of underdeveloped sections of jaws and normalization of
the correlation of the teeth range the myogymnastics is
prescribed which includes special exercises for chewing
and mimic muscles and special orthodontic equipment. In
the sixth period of the permanent occlusion (starting from 13
years) it is necessary to continue sanitizing the oral cavity in
time, provide for the normal nasal breathing and appropriate
nutrition, continue the myogymnastics and, if necessary,
conduct the apparatus treatment [2]. The molecular-genetic
research will allow considering the risks of the development
and willimprove the preventive measures of the children’s
disto-occlusion especially during the periods of the child’'s
growth when the external symptoms of dento-gnathic ab-
normalities are invisible or they are minimal as yet.

Purpose

Determination of the genotypes of C/A polymorphism of
COL1A1_1 collagen gene (rs1107946) and patterns of
distribution of allelic genes in children with nasal obstruc-
tion and orthodontic pathology.

Materials and methods

A molecular-genetic study for determination of C/A poly-
morphism of COL1A1_1 collagen gene (rs1107946) was
performed in 99 children at the age of 6 to 17 years, for
11 months, 30 days inclusive; 30 children of which had
nasal obstruction due to allergic rhinitis without abnormal
distal occlusion (the first group); 23 children had just
the distal occlusion (the second group); 26 children had
allergic rhinitis and distal occlusion (the third group); 20
almost healthy children (the fourth group). All the groups
were compared by age and sex (P > 0.05) examined
by doctors (allergist and orthodontist) who, when es-
tablishing the appropriate diagnosis, were guided by
data from general clinical and introspective surveys and
the requirements of the current orders of the Ministry of
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Fig. 1. Distribution of the COL1A1_1 collagen gene genotypes in children with nasal
obstruction caused by allergic rhinitis (*° A ©A: reliability of the difference between
the corresponding groups of children, P < 0.05).

Fig. 3. Distribution of the COL1A1_1 collagen gene genotypes in children with
allergic rhinitis and distal occlusion (*¢' ~ CA: reliability of the difference between
the corresponding groups of children, P < 0.05).

164

OpwuriHaAbHI AOCAIAKEHHSA

3.33 !)/D*CIC, AIA

20 %*C:

11.54 %*cre

ciA mC/C
O A/A
mC/A

76.67 Y%*NACA

mC/C
O A/A
mC/A

73 O/O*A/A.C/A

P < 0.05).

Healthcare of Ukraine. Genotyping was performed by
the polymerase chain reaction method (Applied Biosys-
tems, USA) using the total DNA samples isolated from
whole venous blood using a set of reagents SNP-Screen
(Syntol manufacturer) on the CFX96TM Real-Time PCR
Detection Systems amplifier (Bio-Rad Laboratories,
Inc., USA). This research was carried out in the Molecu-
lar-Genetic Research Division of the Academic Medical
Laboratory Center at the Microbiology Department of
Zaporizhzhia State Medical University in the city of Zapori-
zhzhia (Head of the Microbiology Department, Head of
the Molecular-Genetic Research Division of the Medical
and Laboratory Center of Zaporizhzhia State Medical
University — MD, PhD, DSc, Professor O. M. Kamyshnyi).
The obtained results of the distribution of the frequencies
of the alleles and genotypes of the studied gene were
used to analyze the genetic structure of the population
according to the Hardy-Weinberg Law [13]. In order to
compare the frequencies of alleles and genotypes in
different groups, the non-parametric statistical method
“2 x 2 Table”, the Chi-square (df = 1) was used. Also,
the odds ratio (OR) was calculated using the four-col-
umn table with the confidence interval (CI) calculation by
means of the Woolf method. To assess diagnostic signifi-
cance, such indicators as sensitivity, specificity, accuracy
and predictive value of positive and negative results were
determined. Difference P < 0.05 when comparing the indi-
cators in the observation and control groups was consid-
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Fig. 2. Distribution of COL1A1_1 collagen gene genotypes in children with distal
occlusion (*o/¢~A CA: reliability of the difference between the corresponding groups of
children, P < 0.05).
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Fig.4. Distribution of genotypes of the COL1A1_1 collagen gene in healthy children
(¥cre. Ha CA: reliability of the difference between the corresponding groups of children,

ered statistically significant [14]. Non-parametric statistic
methods of the licensed software package Statistica for
Windows 6.1.RU, serial number AXXR712D833214SAN5
was used for processing the research results.

Results

The performed molecular-genetic examination of all
examined children in order to determine the C/A poly-
morphism of the COL 1 A1_1 collagen gene (rs1107946)
showed that the frequency of occurrence of Aallelic gene
was equal to 28.28 % (0.2828), C allele gene — 71.72 %
(0.7172), Chi-square (df = 1) 74.71, P = 0.0001. Upon
that the homozygous C/C genotype was most frequently
registered and amounted to 68.69 % (0.6869) in 25.25 %
(0.2525) cases, while the homozygous A/A genotype was
found definitely less frequently (Chi-square (df = 1) 37.49,
P =0.0001). The heterozygous C/A genotype was record-
ed only in 6.06% (0.0606) children, that was definitely less
frequently than homozygous C/C genotypes (Chi-square
(df=1)82.95, P=0.0001 and A/A genotypes (Chi-square
(df = 1) 13.81 P = 0.0002. Depending on the presence
or absence of such pathology as nasal obstruction of
the allergic genesis, distal occlusion or its combinations,
an analysis of the distribution of allelic genes and C/A
genotypes polymorphism of the COL1A1_1 collagen
gene (rs1107946) was also performed in ill and healthy
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children. Thus, in the first group of children with nasal
obstruction due to the allergic rhinitis, the homozygous
C/C genotype polymorphism of the COL1A1_1 collagen
gene (rs1107946) was significantly prevalent, which
was registered in 76.67 % (23/30) of the studied cases.
The homozygous genotype A/A was recorded in 20 %
(6/30) of the examined children, Chi-square (df = 1)
19.29 (P = 0.0001). Only one child with allergic rhinitis
revealed a heterozygous C/A genotype (3.33 %), which
was significantly less frequent than homozygous C/C
genotypes (Chi-square (df = 1) 33.61) (P = 0.0001) and
A/ A genotypes, Chi-square (df = 1) 4.04 (P = 0.0444).
These data are shown in the Fig. 1.

In the second group of children with distal occlu-
sion the homozygous C/C and A/A genotypes of the
COL1A1_1 collagen gene (rs1107946) predominated.
At the same time the A/A genotype didn’t show any sig-
nificant differences even though it was recorded more
often (56.52 % (13/23) than the C/C genotype (34.78 %
(8/23). Also, as in the previous group, in children with distal
occlusion, the heterozygous C/A genotype (8.7 % (2/23)
was significantly less frequent than the C/C genotype,
Chi-square (df = 1) 4.60 (P = 0.0320) and A/A genotype,
Chi-square (df = 1) 11.97 (P = 0.0005). These data are
shown in the Fig 2.

In the third group of children with combined course
of allergic and orthodontic pathologies: allergic rhinitis
and distal occlusion, 73 % (19/26) patients were carri-
ers of the predominant homozygous C/C genotype of
COL1A1_1 collagen gene (rs1107946). The homozygous
A/A genotype (17.39 % (4/26) and the heterozygous C/A
genotype (11.54 % (3/26)) were significantly less com-
mon in comparison with the C/C genotype, Chi-square
(df=1)17.54 (P =0.0001) and Chi-square (df = 1) 20.17
(P = 0.0001), respectively. These data are shown in
the Fig. 3.

In the fourth control group of comparison, that is, in
practically in almost healthy children, only the homozy-
gous genotypes (C/C and A/A) of the C/A polymorphism of
the COL1A1_1 collagen gene (rs1107946) were recorded.
At the same time, the C/C genotype definitely predomi-
nated more frequently, which was found in 90 % (18/20)
of healthy children, compared with the A/A genotype, Chi-
square (df = 1) 25.60 (P = 0.000001) and C/A genotype,
Chi-square (df = 1) 32.73 (P = 0.0001), respectively. And
only in 10 % (2/20) of healthy children the A/A genotype
was registered, and the heterozygous version of the C/A
genotype was not detected in this group of children at all.
These data are shown in the Fig. 4.

Further we performed the compared characteristics
of the frequency of occurrence of each of the genotypes
of the C/A polymorphism of the COL1A1_1 collagen gene
(rs1107946) not only within each of the examined groups
of children but also within each of the genotype, depending
on the presence or absence of nasal obstruction of allergic
genesis, distal occlusion or the presence of a combination
of these pathological states in the examined children.

Thus, in the group of children with only distal occlu-
sion, the homozygous C/C genotype of the COL1A1_1
collagen gene was significantly less frequent (34.78 %)
than in the group of children with allergic rhinitis (76.67 %),
Chi-square (df = 1) 9.41 (P = 0.0022), in the group of
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Table 1. Characteristics of genotypes of C/A polymorphism of the COL1A1_1

(rs1107946) collagen gene (abs./%)

Genotypes
cic

| 30 23/76.67*M40 6/20*cc.cA 1/3.33*mc0
[ 23 8/34.78*°A 13/56.52*CA 2/8.77ccm
P (I-11) <0.05 <0.05 >0.05

1 26 19/73+8cA 4/17.39+c° 3/11.547c¢
P (1-Ill) >0.05 >0.05 >0.05

P (1=l <0.05 <0.05 >0.05

WY 20 18/90*A40A 2/10%c° oree

P (IHIV) >0.05 >0.05 >0.05

P (I-1V) <0.05 <0.05 >0.05

P (lll-1V) >0.05 >0.05 >0.05

P: reliability of the difference between the corresponding groups of children;
*¢/6 M ¢/A: reliability of the difference between the corresponding groups of children, P < 0.05.
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Fig. 5. Results of the distribution of genotypes of the COL1A1_1 collagen gene in children.

*: P <0.05 in comparison with the corresponding group of children.

children with combined pathology (73 %), Chi-square
(df = 1) 7.23 (P = 0.0072) and in the healthy group
(90%), Chi-square (df = 1) 13.64 (P = 0.0002). However,
in children with only orthodontic pathology, the homo-
zygous A/A genotype of the COL1A1_1 collagen gene
was detected significantly more often (56.52 %) than in
children with allergic rhinitis (20 %), Chi-square (df = 1)
7.55 (P = 0.0060) or in children with combined allergic
and orthodontic pathology (17.39 %), Chi-square (df = 1)
9.12 (P = 0.0025) or in healthy ones (10 %), Chi-square
(df=1)10.19 (P = 0.0014). These data are clearly shown
in the Fig. 5 and the Table 1.

Analyzing the odds ratio of development of pheno-
typic signs of diseases in children depending on their
genotype, it was found that in children with A/A genotype
(rs1107946) of the COL1A1_1 collagen gene, the odds
ratio (OR) of allergic rhinitis development was equal to
2.25, Cl [0.41-12.48 ] (P > 0.05); development of only
distal occlusion — OR = 11.70, CI [2.19-62.62] (P < 0.05);
combined allergic and orthodontic pathology — OR = 1.64,
Cl1[0.27-9.98] (P > 0.05). In children with A/ C genotype
(rs1107946) of the COL1A1_1 collagen gene, the odds ratio
(OR) of allergic rhinitis development was equal to 2.08, Cl
[0.08-53.76] (P > 0.05); only distal occlusion —OR = 4.77,
Cl1[0.22-105.42] (P > 0.05); combined allergic and ortho-
dontic pathology OR = 6.11, CI [0.30-125.36] (P > 0.05).

C/A
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Table 2. Characteristics of the distribution of allelic genes in children according
to the data of multiplicative models of inheritance

Allelic genes

| 30 0217 0.783
[ 23 0.609 0.391
P (I-1l) <0.05
I 26 0212 0.788
P (I-IIl) >0.05
P (-1l <0.05
v 20 0.100 0.900
P (I-IV) >0.05
P (I-1V) <0.05
P (llI-1V) >0.05

P: reliability of the difference between the corresponding groups of children.

90.0 %
78.85 %

Allele C
e 39.13 %"

7833 % CRY
=i
=
-

Allele A
ee 60.87 %*
0 20 40 60 80 100

Fig. 6. Frequency of occurrence of alleles of C/A polymorphism of COL1A1_1 collagen gene in
children.

*: P < 0.05 in comparison with the corresponding group of children.

Also, according to the Hardy-Weinberg Equilibrium
Law, the occurrence frequency of alleles of the C/A poly-
morphism of the COL1A1_1 collagen gene (rs1107946)
in the examined children, presented in the Fig. 6, showed
that the children with distal occlusion were significantly
frequent carriers of A allele (60.87 %), whereas the car-
riers of C allele were predominantly children with allergic
rhinitis (78.33 %), with combined allergic and orthodon-
tic pathology (78.85 %) and healthy (90 %), P < 0.05,
respectively.

Characteristics of the distribution of the allelic genes
in children, according to the data of multiplicative inheri-
tance models, also showed that the inheritance of such a
phenotypic sign as the distal occlusion is associated with
the prevalence of the Aallele rs1107946 of the COL1A1_1
collagen gene in the children’s genotype with orthodontic
pathology (Table 2).

Analyzing the odds ratio of development of pheno-
typic signs of diseases depending on the distribution
of alleles in children, it was found that in children with
A allele, the odds ratio (OR) of allergic rhinitis develop-
ment was equal to 2.49 with 95 % confidence interval Cl
[0.75-8.28] (P > 0.05); combined allergic and orthodontic
pathology — OR = 2.41, CI[0.71-8.25] (P > 0.05); distal
occlusion — OR = 14.00, Cl [4.26-46.05] (P < 0.05). In
the groups of the examined children, in most cases, the C
allele was not associated with high risks of the allergic,
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orthodontic or combined pathology development. The
correlation between the results of the study conducted in
groups of children with the distal occlusion and practically
healthy ones made it possible to determine the prog-
nostic significance of the presence of A allelic gene
in the development of the distal occlusion in children,
while the sensitivity of this sign was equal to 60.87 %,
specificity — 90 %, accuracy — 61.54 %. Since the sen-
sitivity and specificity of the diagnostic test exceeded
50 %, the prognostic value for the positive result was
equal to 87.5 % and for the negative result — 66.67 %,
then the molecular-genetic studies for determining the A
allele (rs1107946) of the COL1A1_1 collagen gene in
children could be recommended to determine the risk
of development of the distal occlusion in children. This
will allow improving the preventive measures in children
with orthodontic pathology.

Discussion

The data that we received in our work were compared with
the results of other scientists. It should be noted at once
that the problem of the formation of bone and orthodontic
pathology due to genetic predisposition and hereditary
disorders of the formation of connective tissue and its
fibrillar protein of collagen, caused by the action of func-
tional polymorphic alleles of a large number of genes, is
actual and has not been fully studied due to the variability
of single-nuclide polymorphisms (SNP) of the COL1A1_1
collagen gene. At the same time, the achievements in
the field of molecular testing to date allow identifying
causal mutations for many patients whose phenotypes
are a clinically and genetically heterogeneous group of
heritable connective tissue diseases, including the cases
of Ehlers-Danlos syndrome, in which genetic defects
were detected in fibrillar collagens or in collagen-forming
ferments [8,15].

Also, the clinical symptoms of Ehlers-Danlos syn-
drome and imperfect osteogenesis syndrome, which
include abnormal craniofacial growth, abnormal bite of
teeth and imperfection of dentinogenesis, cause certain
mutations in the COL1A1 and COL1A2 genes [16]. In
Sweden, when studying the patterns of distribution of
the genotypes of polymorphisms of the COL1A1 and
COL1A2 genes in 223 people with imperfect osteogen-
esis, it was revealed that N-ended spiral mutations in
both a1 and a2 chains were associated with the lack of
dentinogenesis imperfection [17]. At the same time in
Georgia, nowadays, a special place is given to studying
such dental diseases as imperfect dentinogenesis (Den-
tinogenesis Imperfecta) and pathological occlusion [18].
And in Estonia, for example, COL1A1 mutations were
identified in 76.92 % of cases, and COL1A2 — only in
23.08 % of patients [19].

Also, the literature sources described data on
the study of the relationship between the genotypes of
COL1A1, COL1A2 collagen and the severity of the mal-
occlusion process in 49 patients aged 5 to 19 years with
imperfect osteogenesis, but the results obtained stated
that the patients, in particular male ones with COL1A2
mutations, had a more severe course of the diverse or-
thodontic pathology than those with COL1A1 mutations,
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but the study of the genotypes of the polymorphism of the
COL1A2 collagen gene was not the goal of our work [20].

Since the collagen of the first type is the main con-
stituent of the organic matrix of bone tissue, then while
studying the effect of the polymorphism of the COL1A1
gene on the development of dental diseases, including
periodontal tissue in young people, it was revealed that
the frequency of repetitions of the allelic gene encoding
the imperfect link of collagen, was equal to 57.60 %, which
agrees with the data, obtained in our studies, namely
that the patients with distal occlusion occurred to be sig-
nificantly frequent carriers of the A allele (60.87 %) [21].

Storozhenko K. V. and co-authors determined that
the development of the pathological occlusion “class
III"” was associated with the alleles of SNP rs1800012
(+ 1245G / T (S/s)) of the COL1A1 gene and showed
the protective effect of the homozygous genotype G/G
(SS) relative to the development of the orthodontic pathol-
ogy [22]. In our research, we studied the association of
distal occlusion in children with alleles of SNP rs1107946
of the COL1A1_1collagen gene and also obtained data
indicating that the carriage of A allele (rs1107946) is also
a prognostic value for early diagnostics and prevention
of distal occlusion in children. But, in Byelorussia, on
the contrary, in adult patients from 40 to 55 years (45 men
and 76 women), while carrying out a molecular-genetic
study with the determination of a functionally significant
G-T genetic polymorphism of the collagen gene of the first
a1 type, the association of the pathologies of the tempo-
ro-mandibular joints after prosthesis with non-removable
orthopedic structures on dental implants with connective
tissue diseases were not observed [23]. At the same time,
on the contrary there was an increase in the frequency of
anomalies associated with the shape or size of the teeth
(11 +2.17 % of cases) in the group of young people with
signs of severe degree of connective tissue dysplasia [24].

We also compared the data obtained by us on the fre-
quency distribution of the alleles and genotypes of the C/A
polymorphism of the COL1A1_1 (rs1107946) collagen
gene with the data obtained in European populations
using the dbSNP database of the National Center for
Biotechnological Information in USA [25].

Thus, in our study, the frequency of occurrence of
the allele A gene was equal to 28.28 % and the allele
C gene — 71.72 %, while in the European population
the frequency of the A allele was twice less and was only
14.00 % and respectively the frequency of the C allele
was registered more often (86.00 %). At the same time,
in other populations the prevalence of Aand C alleles is
variable and varies from 24 % and 76 % (SAS) to 31 %
and 69.00 % (AFR) Africa, respectively. Our indicators
approach data characterizing the ALL (26 % and 74 %)
and AMR and EAS (30 % and 70 %) populations.

In our studies the homozygous C/C genotype was
recorded in 68.69 % of cases, and was close to the fre-
quency rates of occurrence of the C / C genotype in CEU
(69.70 %). The variability of this genotype in populations
ranges from 24.70 % (PEL) to 78.50 % (TSI), and in
Europe it is equal to 73.20 %.

The homozygous genotype A/A was detected in
25.25 % of cases, while in Europe it was registered only in
0.80 % cases and in FIN this genotype was not registered
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at all. The highest frequency of A/A genotype was found
in CHB (18.40 %).

The heterozygous C/A genotype was observed only in
6.06 % of children, in other populations the frequency of
this genotype ranged from 20.60 % (TSI) to 48.50 % (GIH),
while in the European population it was equal to 26.00 %.

The differences in the distribution of alleles and
genotypes of the polymorphic markers of the COL1A1_1
(rs1107946) collagen gene in the patients examined by
us, namely, the allelic Agene and A/Aand A/C genotypes,
confirm their prognostic significance for the development
of the orthodontic pathology in children. This will enable
early and effective preventive measures.

Conclusions

1. The study of the distribution patterns of allelic
genes and genotypes of the C / A polymorphism of the
COL1A1_1 (rs1107946) collagen gene in the examined
children showed that the frequency of occurrence of the C
allele was significantly higher than the A allele (71.72 %
and 28.28 %, respectively). In this case, the homozygous
C/C genotype was registered most often (68.69 %), ho-
mozygous genotype A/A (25.25 %) was rarely registered
and heterozygous C/A (6.06 %) was very rarely registered.

2. Phenotypic and clinical manifestations of the dis-
eases in children with allergic rhinitis, distal occlusion
and a combination of allergic and orthodontic pathology,
the genotypes had the following distribution: the C/C
genotype — 76.67 %; 34.78 %; 73.00 %; A/A genotype —
20.00 %; 56.52 %; 17.39 %; A/C genotype — 3.33 %;
8.70 %; 11.54 %.

3. The molecular-genetic studies for determining
the A allele (rs1107946) of the COL1A1_1 collagen gene
in children could be recommended to determine the risk
of development and the need for early prevention of
the distal occlusion in children.

Prospects for further researches. In the future we
are planning to continue studying the distribution patterns
of allelic genes and genotypes of the C/A polymorphism
of the COL1A1_1 collagen gene for SNP (rs1107946)
in a larger number of patients with nasal obstruction of
the allergic genesis, distal occlusion and combined allergic
and orthodontic pathology, and also to begin the study of
the distribution of allelic genes and genotypes of the C/A
polymorphism of the COL1A1_1 collagen gene for SNP
(rs114611911); (rs76291943); (rs7744275), with a com-
parative analysis of the results obtained.
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