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Introduction. Spine congenital curvatures, which form from anomalies in the development of vertebral bodies, comprise
3.2% of the general structure of vertebral column deformities. Several such anomalies present during adolescence lead
to severe and rigid curvature of the spinal column and are often accompanied by irreversible neurological disorders.
The timely detection of the progressive forms of curvature and early surgical treatment are measures that prevent against
neurological deficit development and gross congenital deformities of the spine in children. However, it is extremely
difficult to predict the course of congenital spinal column deformation in infants based on clinical and radiological
investigations alone. Therefore, the study of congenital malformation genetic markers is an essential and immediate
task.

Materials and methods. Two hundred 1.2-16-year-old children with congenital deformities of the thoracic and lumbar
spine were examined using clinical and radiation diagnostic methods. Molecular genetic studies were performed by
analyzing several polymorphic regions in the genes for the first and second stages of detoxification and DNA repair,
which are of clinical importance as predisposing factors in several congenital malformations. Polymorphisms were
determined using the polymerase chain reaction (PCR) method. The results were determined using gel electrophoresis
of DNA in a polyacrylamide gel.

Results and discussion. The polymorphisms of the genes CYP1A2, NAT2, GSTM1, GSTT1, GSTP1, XRCCI, XRCC3
and their frequency distributions among patients with congenital spine deformities (CSD) were studied. The results for
each gene are presented in the digital diagrams, and their indicators are compared with the values of the control group.
Conclusion. In most patients (83%) with spinal congenital deformations, there were mutations of candidate genes
in the homozygous state; however, the simultaneous carriage of several mutant alleles in patients with CSD was
more than twice that in the control group. Children with multiple and combined defects in spine development noted
the presence of more mutations in the genes for detoxification and DNA repair. The obtained results already assume to
a certain extent the course of the spine congenital deformity in patients at an early age. However, the final evaluation
and identification of molecular genetic criteria for the progressive course of spine congenital deformities in children
requires further study.
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Bsegenne. [1o/11 BpOXXIEHHBIX MCKPUBJICHUI II03BOHOYHMKA, CPOPMUPOBAHHBIX B pe3y/lIbTaTe aHOMAalull pPa3BUTUA
TeJI TI03BOHKOB, B 00Iell cTpyKType fedopMalii II03BOHOYHOro cTonba cocrasisger 3,2 %. Pap momo6bHbIX aHOMa-
Nnil B MOFPOCTKOBOM BO3PACTe MPMBOGUT K TSDKEIBIM U PUTMAHBIM VMCKPMBIEHISIM [IO3BOHOYHOTO CTOIOA, HEPEHKO
COIPOBOXAAMIIMMCSI HEOOPATHMBIMU HEBPOJIOrMuecKuMy HapymeHusamMu. C [enbio NpoQuuIakTUK pasBUTHS He-
BPOJIOTMYECKOro feUUnTa U MPeFOTBPAIeHNs PasBUTIA IPYOBIX BPOXK/AEHHBIX AedopManuil IIO3BOHOYHMKA Y [eTeil
HeOOXOANMO CBOEBPEMEHHO BBISB/IATH IIpOrpeccupymomye GopMbl MCKPUBAEHNIT U IPEAIPUHNMATD PAHHee XUPYp-
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rnyeckoe yedeHne. OTHAKO, OCHOBBIBAACh HA JJAHHBIX TONBKO KIMHUYECKOTO ¥ Ty4eBOTO METOJOB JCC/IeOBaHMS,
y [ieTeil paHHeTo BO3pacTa KpaifHe TsDKNO MpefcKasaTb BapMaHT TedeHMs BPOXKEHHOI AedopMalny I03BOHOYHOTO
cronba. ViccrenoBaHue reHeTUYECKUX MapKepOB IIPOTPECCUPYIOIIEr0 TeUeHNsI BPOXK/IEHHOTO MCKPUBJIEHNS IO3BOHOY-
HOTO CTON6a Ha (pOHe BPOXK/EHHBIX MOPOKOB Te/l MO3BOHKOB IIPEACTAB/seT COOO0I BOXKHYIO M aKTYa/lbHYIO 3afiady.
Matepuanst u Meropbl. O6cnenoBano 200 meTelt ¢ BpOX/AEHHBIMY AeOpMALUsAMU TPYFHOTO U TOSCHUYHOTO OT/E/IOB
ITO3BOHOYHMKA B BO3pacTe OT 1 roja 2 mecAnes 10 16 /1eT ¢ IpYMEHEHNEM METOIOB KIMHMYECKON U Ty4eBON AMarHo-
CTUKY. MOJeKy/IsApHO-TeHeTUYeCKe UCCIeFOBAHNS IIPOBOAIN ITyTeM aHa/IM3a psifia MOMMMOP(HBIX YIACTKOB B FeHaX
1-7t n 2-1t ctaguit geTokcukanuu u pernapanun [JHK, nMmenomux k1nHM4Yeckoe 3HaueHNe B KadecTBe IIpefpacIosara-
omnx $GaKTOpoB MPM PsAfe BPOXKAEHHBIX IOPOKOB pas3Butusi. IlonnMMopdusMbl ONpefesyin METOLOM MOMNMEPasHOIl
LIeTIHOI peakuuy. Pesy/IbTaThl OlleHUBAN C TIOMOLIbI0 MeTOAa renb-amekTpodopesa JHK B monmakpuiaMugHOM rere.
Pesynbrarel u o6cyxgenne. boumu ucciegoBansr nonumopdusmsr reHoB CYP1A2, NAT2, GSTM1, GSTTI1, GSTPI,
XRCCI, XRCC3 u X 4acTOTHOe pacIpefielieHne cpefu OOMbHBIX C BPOXEHHBIMU AedOpMalusiMyU IO3BOHOYHM-
ka (BJII). PesynbTaTsl M0 KaXXAOMY TeHY, IPeACTaBIeHHbIe Ha U(POBBIX AMarpaMMax, M UX MOKa3aTeln CPaBHMBAIN
CO 3HAYEHUSAMU B KOHTPOJbHOII I'pyIIIIe.

3akmoyeHne. Y 6obpuMHCTBA manyeHToB (83 %) ¢ BIII mmenuch MyTanum KaHAMAATHBIX T€HOB B FOMO3UIOTHOM
COCTOSTHMM, IpYYeM YaCTOTa OFHOBPEMEHHOTO HOCHTENIbCTBA HECKOIBKMX MYTAHTHBIX ajUleneil y 6ombubix BIII 60-
Jiee 4YeM B JiBa pasa IPEBbIIAET JAaHHBIA ITOKa3aTeb B KOHTPOJIBHON TPYIIE. YCTAaHOBIEHO, YTO Yy JeTell C MHOXe-
CTBEHHBIMM ¥ KOMOMHMPOBAHHBIMIU ITOPOKAMM PA3BUTHS [TO3BOHOYHNMKA OTMEYAeTCs Haau4ye GOMbIIero KommdecTBa
MyTanuil reHoB geroxkcukanuy u penapauun JHK. IlorydeHHble pe3synbTaTbl MO3BOMAIOT B ONpPENE/IEHHO CTeleHN
HpeAnonaraTb XapakTep TeUeHUs! BPOX/EeHHOI fedopMaiyy IO3BOHOYHMKA Y MAllMEeHTOB paHHero Bospacta. OpHa-
KO I/l OKOHYATe/IbHOI OLIEHKM M BBIABIEHUSA MOJIEKY/IAPHO-TeHETMYECKUX KPUTEpUeB IMPOrPecCUPYIOLIEro TeYeHMsA
BPOX/IeHHOIT feopManiny MO3BOHOUHMKA y [ieTell TPpeOYITCs Ha/lbHelle UCCIefOBaHMA.

KnioueBbie cmoBa: AETU; BPOXIEHHDIE ,D;e(bOpMaLU/II/I IIO3BOHOYHMKA; MonexynﬂpHo—reHequecxmﬁ[ daHa/In3; TeHbl

AE€TOKCUMKallM M penapanyn.

Introduction

Congenital curvature of the spine caused by
impaired development of the vertebral bodies
comprises 3.2% of all spinal column deformities.
Approximately 50% of all congenital malformations
of the spine have a progressive pattern [1]. Such
variants in the course during adolescence lead
to severe and rigid spinal curvatures that are
frequently accompanied by irreversible neurological
disorders. In order to prevent neurological deficit
and prevent the development of gross congenital
spinal deformities in children, timely detection of
the progressive forms of curvature and early surgical
treatment up to the age of three years is necessary
[1-3]. However, based on the data only from clinical
and radiological studies, it is extremely difficult to
predict the course of congenital spinal deformity in
young children.

There is an urgent need to study the genetic
prerequisites for the occurrence of congenital
malformations. Understanding the biological nature
of this phenomenon would enable us to conduct
targeted prevention and develop diagnostic activities
that enable the detection of spinal deformities,
characterized by a progressive pattern, along with
abnormal development of vertebral bodies, during
the first years of a child’s life. In turn, this would
facilitate early surgical intervention aimed at radical

correction of congenital spinal column curvature
with minimal fixation of the spinal motion segments.

Congenital malformations, similar to any
multifactorial pathology, are associated with both,
exposure to adverse teratogenic environmental
factors during pregnancy (hypoxia, several medi-
cines, alcohol consumption, hyperthermia, insulin-
dependent diabetes mellitus, and gestational
diabetes) [4-9] and genetic factors (chromosome
aberrations, gene polymorphisms due to hereditary
predisposition, de novo mutations, and epigenetic
changes) [10-13]. Each of these factors, individually
or in combination, can impair embryogenesis and
abnormal development of the vertebrae. Recent
studies have analyzed molecular genetic markers
accompanying congenital spinal deformities (CSD)
[14-16]. These trials have considered possible
factors for the etiology and pathogenesis of CSD
in sufficient detail. Various studies have indicated
a close relationship between congenital deformities
of the spinal column and mutations in the TBX6
gene [17-19]. The main aim of these studies is
the development of a set of diagnostic measures to
assess the rate of progression of congenital curvature
in children with spinal deformities, using data from
clinical and radiological studies and the creation of
a diagnostic panel based on molecular, genetic, and
biochemical criteria.
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This study aimed to perform the molecular
genetic analysis of the genes of stages 1 and 2
of detoxification and excision repair of DNA in
children with congenital deformities of the spine of
the thoracic and lumbar localization.

Materials and methods

We observed 200 children with congenital
deformities of the thoracic and lumbar spine, aged
1 year 2 months to 16 years whose diagnosis was
confirmed using standard methods of clinical
and radiological diagnostics. In the structure
of congenital curvatures of the spinal column,
various anomalies of vertebral development were
revealed, such as abnormal formation (lateral
and posterolateral semi-vertebrae as well as
posterior and lateral wedge-shaped vertebrae),
impaired fusion (asymmetrical butterfly-shaped
vertebrae), impaired vertebral segmentation (blo-
cking of the lateral surfaces and the anterior
surfaces of the vertebral bodies), and synostosis
of the ribs. Total 32% of the children had isolated
malformations of the thoracic or lumbar spine;
in the remaining 68% of the patients, multiple
and combined malformations of the thoracic
and/or lumbar spine were noted. All patients
had a clinically pronounced scoliotic and/or
kyphotic deformity of the thoracic and/or lumbar
spine, manifested by asymmetry of the shoulder
girdle, waist triangles, and pelvic distortion. The
magnitude of the scoliotic deformity component
ranged from 30°-72°, while that of the kyphotic
deformity was 26°-52°. Most children exhibited

Table 1
Allelic variants of the genes under study

Gene Polymorphism Genotypes
CYPI1A2 164 A — ¢ A/A, Alc, clc
GSTM1 +/0 +/00
GSTT1 +/0 +/00
GSTP1 Ile105Val A/A, A/G, G/G
GSTP1 Ala(C)114Val(T) c/c, ¢/T, T/T
NAT2 C481T (Kpnl) *5
NAT2 G590A (Taql) *6
XRCC1 Arg399GIn G/G, G/A, A/A
XRCC3 Thr241Met cle, ¢/T, T/T

progression of the congenital curvature in the
process of growth and development.

Total 38% of children were expected to
have concomitant congenital anomalies of other
organs and systems, such as esophageal atresia,
tracheoesophageal fistula, renal aplasia, anus
atresia, congenital complete cleft of the upper lip,
congenital malformation of the tracheobronchial
tree, pulmonary hypoplasia, and congenital heart
disease, most likely because of chromosomal
aberrations in the group of linkage with other genes.
The control group comprised 96 healthy children
aged 2-16 years who had no spinal pathology.

Molecular genetic studies were performed by
analyzing several polymorphic sites in the genes
of stages 1 and 2 of detoxification and DNA repair
that are clinically significant as predisposing factors
in various congenital malformations [20, 21].

The polymorphisms of genes CYPIA2, NAT2,
GSTM1, GSTT1, GSTP1, XRCCI, and XRCC3
(Table 1) were studied; their frequency distribution
among patients with CSD was also examined.

The definition of polymorphisms was performed
using the method of polymerase chain reaction
(PCR). DNA required for analyses was isolated from
whole blood using diagnostic kits manufactured
by “Interlabservice” and “DNA-technology” as per
the manufacturer’s instructions. PCR studies were
performed using a Bio-Rad T100 instrument.
Mixtures for PCR and amplification modes were
developed independently. To determine nucleotide
substitutions, the method of restriction fragment
length polymorphism (RFLP) was used. The results
of PCR and RFLP, in terms of the detection of
polymorphisms, were evaluated using the method of
gel electrophoresis of DNA with polyacrylamide gel.

Statistical analyses were performed using the
Statistics 6.0 software. The significance of differences
between the observation groups was assessed using
the non-parametric paired student ¢-test with
a two-tailed distribution and the determination
of the statistical confidence indicator. Indicator
differences were considered significant at a level of
p <0.05.

Results and discussion

During the study period, the frequency of
occurrence of polymorphism in the structure of the
genes studied in patients with CSD was analyzed.

m Pediatric Traumatology, Orthopaedics and Reconstructive Surgery. Volume 6. Issue 3. 2018



ORIGINAL PAPERS

43

We also performed a comparative analysis of the
severity of their polymorphisms with those in
healthy children. The research results are presented
in Fig. 1-4.

CYP1A2 is a member of the cytochrome
superfamily p450 and is localized in the endoplasmic
reticulum; its expression is induced by certain
polycyclic aromatic hydrocarbons (PAHs). The
endogenous enzyme substrate is able to metabolize
some PAHs to carcinogenic intermediates. Changes
in the CYPIA2 activity in humans may be
attributable to various environmental exposures,
genetic differences, and intergenic interactions.

Research has shown that [22] the presence of
the C-allele is characterized by a slower xenobiotic
metabolism. In our study, 56.5% of the CSD patients
had the allele of the poor metabolizer, while in the
control group this indicator amounted to 48.1%.

The genes GSTM1 and GSTT1 belong to the
group of genes for the second phase of detoxification
of xenobiotics; their products convert xenobiotics
and carcinogens into non-toxic water-soluble
products, thus preventing DNA destruction.
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Fig. 1. The frequency of occurrence of genotypes for
the CYPIA2 164A/c gene, % (*p < 0.05 compared to the
control): CSD — congenital spinal deformities

GSTM1 gene deletion results in the absence of
a corresponding enzyme; thus, sensitivity to the
effects of mutagens and carcinogens is increased.
The joint carriage of the 105Ile variant of the
GSTPI gene and the deletion of the GSTMI gene
increases the level of immunoglobulin E and
histamine under the influence of xenobiotics and
allergens. GSTM1 gene deletion increases the
risk of several diseases, including various types
of pathologies of pregnancy, leading to impaired
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Fig. 2. The frequency of occurrence of genotypes for genes GSTM1 and GSTTI, %
(*p < 0.05 compared to the control): CSD — congenital deformities of the spine
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Fig. 4. The frequency of occurrence of genotypes for the
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embryogenesis and congenital malformations of the
spine.

When the GSTTI gene is deleted, the enzyme
is also not formed; thus, the body’s ability to
metabolize xenobiotics decreases. This effect is
especially significantly with simultaneous deletion
of the GSTM1 and GSTTI genes.

In the group of patients that was examined,
79.5% had deletions of the GSTM1 or GSTT1I genes,
and 13.5% showed deletion of both genes. This
may be an important factor in CSD etiology. In the
control group, the deletion of one or another gene
of this group was 65.77%, and that of both genes
was 9.47% (p < 0.05).

There are two polymorphisms in the GSTPI
gene, 105Val and 114Val, wherein an enzyme
with reduced activity is produced. Thus, the
body’s susceptibility to the effects of mutagens
and carcinogens is increased. This disadvantage is
aggravated further with simultaneous carriage of
these polymorphisms with deletion of the GSTM1I
gene.

Our study revealed no significant differences in
the distribution of GSTPI genotypes in patients with
CSD and in the control group. However, 8.5% of
the CSD patients had a joint carrier of homozygotes
on the minor allele with the zero allele of the
GSTM1 gene that was not registered in the control
group. This may also be a predisposing factor
for CSD.

The NAT2 gene refers to the second-phase
genes of the detoxification system and encodes the
enzyme N-acetyltransferase 2 that is responsible
for N-acetylation and o-acetylation reaction of
heterocyclic amines that possess mutagenic and
carcinogenic activity. Carrying “slow” alleles of the
NAT?2 gene reduces enzyme activity, increasing the
body’s sensitivity to this group of mutagens and
carcinogens.

In the study of the NAT2 gene, an increase
by 35.46% (9.13% versus 6.74%) in the frequency
of the homozygous genotype of the slow allele

acetylizer *6/6 (G590A) was revealed in CSD
patients compared with that in the control group.

The XRCCI gene is a DNA repair gene that
effectively restores single-strand breaks formed by
ionizing radiation and alkylating agents. Arg399GIn
polymorphism is located in a functionally important
region of the gene. The replacement of arginine with
glycine changes the conformation of the protein
product and reduces its reparative activity.

The XRCC3 gene also belongs to the category
of DNA repair genes and contributes to the
maintenance of chromosome stability and DNA
damage repair.

The study of the alleles of the Arg399Gln
polymorphism of the XRCCI gene showed no
significant differences from that in the control
group; nevertheless, the percentage of the mutant
allele in the homozygous state was higher than that
in the CSD patients.

With respect to the XRCC3 gene, the difference
in the distribution of the allelic variants of the
Thr241Met polymorphism between the CSD
patients and the control group was more significant
(Table 2).

It is also noteworthy that the carriers of the
mutant allele among the CSD patients accounted for
46.36%, while that in the control group accounted
for only 21.87%.

All the CSD patients who were examined had
at least one mutant allele of detoxification and
reparation genes in the heterozygous state. However,
from our viewpoint, the indicator of homozygous
carriage of mutant alleles of the studied genes is
more important. In CSD patients, this indicator was
83% (62.2% in the control group).

The combination of several mutant alleles in the
homozygous state is even more significant. Such an
indicator was revealed in 53% of the CSD patients,
significantly different from that in the controls
(22.5%).

To create a clear algorithm for the overall
assessment of molecular genetic disorders (suscep-

Table 2
Distribution of genotypes by the XRCC3 gene in patients with CSD and those in the control group
Gene Genotype CSD, % Control group, %
XRCC3 C399C 53.64* 78.13
C399T 33.66* 13.54
T399T 12.7* 8.33

Note: *p < 0.05 compared with control.
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tibility to CSD and prediction of their course) when
compared with clinical data and their interpretation,
further application of modern bioinformatics
methods is required.

Conclusion

This study enabled us to obtain a large array
of data with various combinations of mutant
alleles of the genes of detoxification and DNA
repair in children with congenital deformities of
the thoracic and lumbar spine. We performed
a comparative analysis of the frequency of the
identified combinations of gene polymorphisms
studied in patients and controls, comparing
them with the results of the clinical picture and
radiation diagnostics. Most patients (83%) with
congenital spinal deformities had mutations of the
candidate genes in the homozygous state, and the
carriage of several mutant alleles in CSD patients
exceeded this figure in the controls by more than
2 times.

Based on the present results, it was possible
to reveal a part of the adverse genetic burden that
contributes to the onset and progression of this
severe pathology. We determined that in children
with multiple and combined malformations of the
spine, there is a higher number of mutations of
the genes for detoxification and DNA repair. The
results enable us to suggest, to a certain extent,
the nature of the course of congenital deformity
of the spine in young patients. However, further
research is necessary for the final evaluation and
identification of the molecular and genetic criteria
of the progressive pattern of congenital spinal
deformity in children.
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