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Abstract

Purpose. To study the importance of molecular genetic markers in the formation of
recurrent laryngotracheitis in children.

Materials and methods. The basis of our study was 85 patients with recurrent stenosed
laryngotracheitis, who were divided into 2 groups, the main group consisted of 55 children
and the control group consisted of 30 children of the appropriate age. The study began
with an otorhinolaryngological examination, which consisted of endoscopic rhinoscopy,
pharyngoscopy, otoscopy and laryngoscopy. DNA samples were isolated from peripheral
blood lymphocytes according to a modified technique. The concentration and purity of
the isolated DNA were evaluated by measuring the optical density of DNA-containing
solutions.

Results. The data obtained indicate that in children with mutant allelic variants of the
VEGF-A-634 gene, a disease of the blood system (anemia of varying severity) prevails
among background diseases, which requires attention. Since the VEGF-A 634 gene is a
vascular endothelial growth factor, which is a growth trigger, with its unfavorable non-
functional allele variant, the development of neoplastic angiogenesis is noted, which
contributes to an increase in microvascular density. In our opinion, this may play a key role
in the mechanism of laryngotracheitis development.

Conclusion. During the examination, it was revealed that the C allele and the hetero-G/C
and C/C homozygous genotypes of the lle 105 Val polymorphism of the VEGF-A-634 gene
are significant markers of an increased risk of recurrent laryngotracheitis in children of the
Uzbek population.

Keywords: laryngotracheitis, children,gene polymorphism, endothelial growth factor,
recurrent
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Pesiome

Lenb. V3yunTb 3HaUMMOCTb MOJMEKYNAPHO-TeHETUYECKUX MapKepoB B GopMMpoBaHMM
peunanBupyoLWNX NapuHroTpaxenToB y AeTen.

Martepuanbi n metogbl. OCHOBY HalLero nccnefoBaHNA CoCTaBuIM 85 naLMeHToB ¢ pe-
LUNOVBUPYIOLWUM CTEHO3UPOBAHHBIM JTAPUHIOTPAXEUTOM, KOTOpble Obinn pa3genieHbl Ha
2 rpynnbl: OCHOBHYIO rpynmny COCTaBuAM 55 geTten, KOHTPONbHY10 — 30 feTent COOTBETCTBY-
towero Bo3pacta. MiccnenoBaHme Hauyanocb C OTOPUHONAPUHIONONMYECKOro OCMOTPA, KO-
TOPbI COCTOAN M3 SHAOCKOMMYECKOW PUHOCKONUU, GapUHFOCKOMNNK, OTOCKOMUNY 1 TAPWIH-
rockonun. Coop matepuana obpasuos [JHK Bbigensanu 13 numdountos nepudepmnyeckom
KpPOBM B COOTBETCTBMU C MOANDULIMPOBAHHON METOAUKOW. KOHLIEHTpaLmA 1 YMCTOTa Bbl-
aeneHHon HK oueHmBanucb npu n3mepeHnmn ontrnyeckon nnotHoctr HK-copgepatmx
pacTBOpPOB.

Pesynbrartbl. [TonyyeHHble JaHHble CBUOETENbCTBYET O TOM, UTO Y A€TeN C MyTaHTHbIMU
annenbHbiMn BapunaHTamu C reHa VEGF-A-634 cpenn ¢oHOBbIX 3aboneBaHUn npeBanu-
pyeT 3aboneBaHve CUCTEMbI KPOBM (aHEMMSA Pa3fMUYHON CTEMEHN TAXKEeCTH), uTo TpebyeT
BHMMaHUA. Tak Kak reH VEGF-A-634 npegctaBnset coboi ¢pakTop pocTa sHAOTeNmaA co-
CYL0B, ABMAWMINCA NMYCKOBbIM CUTHAIOM POCTa, NPU ero HebnaronpuaTHOM HedyHKUMO-
HaJIbHOM annesbHOM BapuaHTe OTMEeYaeTCA Pa3BUTME HEOMIaCTUYECKOro aHrMoreHesa,
YTO CNOCOBCTBYET BO3PaCTaHMIO MNOTHOCTU MUKPOCOCYOB. 3TO, HA HaLl B3rNAk, MOXeT
UrpaTtb OfHY M3 KMOUEBbIX Poner B MexaHU3Me pa3BUTKA NapuHroTpaxeuTa.
3aknioueHue. Mpn obcnegoBaHnn BoiaBUK, YTo annenb C u retepo-G/C n C/C - romo-
3UroTHble reHoTUMbl nonumopodusma lle 105 Val reHa VEGF-A-634 ABNAIOTCS 3HAUMMbIMI
MapKepamy MOBbILLEHHOrO PrCKa Pa3BUTUA PeLANBMPYIOLLErO NapUHroTpaxenTa y ae-
Teln y36eKkckol nonynauumm.

KnioueBble cnoBa: napuHroTpaxeut, 4eTu, NONMMopdr3mM reHoB, SHAOTENMANbHbIN dak-
TOP POCTa, PeLMANBUPYIOLLNIA
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B INTRODUCTION

The steady increase in the incidence of laryngotracheitis (LT) among the child
population, especially the recurrent course, poses a number of serious questions to
clinicians in terms of diagnosis and treatment. Recently, the study of the role of genetic
factors in many allergic diseases, including the respiratory tract, has been of particular
interest [8, 15]. Laryngotracheitis is a disease mainly of bacterial origin, in which the
pathogen and its antigens most often penetrate the vascular walls, and contributes to
the development of endothelial shock, causing the development of complicated forms
of morbidity [14, 17]. Significantly, the genes of many cytokines are characterized by
polymorphism and the presence of isoforms as a property that contributes to a change
in the direction of the immune response [18, 20], which leads to the development of a
predisposition to various variants of the course of the disease [5, 6, 13]. Among the predictor
factors of particular interest are genetic factors with single nucleotide substitutions (SNP),
among which is the gene of vascular endothelial factors — VEGF [2, 11]. At the same time,
it is important to study the genes that affect the activity of cytokines, which is one of the
main tasks in studying the pathogenesis of both initiation and detection of predisposition
to the development of morbidity [1, 3]. Lately, in the pathogenesis of a number of allergic
respiratory diseases, special attention has been paid to vascular endothelial factors — the
VEGF gene [2, 15], which is a powerful multifunctional cytokine [4, 7, 16]. These days,
domestic and foreign scientists have indicated a modern concept in the pathogenesis of
recurrent laryngotracheitis, which provides for the development of a pathological process
as a result of exposure to various factors, both infectious and allergic [9, 10, 12]. At the
same time, the study of genes responsible for the production of cytokines involved in the
induction of immune disorders is of scientific and practical interest [23, 24].

B PURPOSE OF THE STUDY

To study allelic variants and the association of genotype polymorphism of the
endothelial system gene of the VEGF-A-634 G>C growth factor gene in children with
recurrent laryngotracheitis.

B MATERIALS AND METHODS

85 children aged 2 to 5 years with a diagnosis of recurrent laryngotracheitis were
under observation. All the examined children by age made up the children’s period
(2-11 years old). Among them, girls made up 27 and boys - 58. General clinical, laboratory
and molecular genetics and statistical studies were carried out in all children. Patients
were consulted by related specialists (infectious disease specialist, allergist, etc.) Among
85 children, the main group consisted of 55 children and the control group consisted of
30 children of the appropriate age.

Molecular genetic examination of biomaterials (DNA) was performed on the basis
of the clinic of Geno-Technologies LLC. The object and subject of the study were DNA
samples of children, the VEGF gene A-634 G>C. DNA samples were isolated from
peripheral blood lymphocytes according to a modified technique. The concentration
and purity of the isolated DNA were evaluated by measuring the optical density of DNA-
containing solutions at a wavelength of 260 and 280 nm versus THOSE on a NanoDrop
2000 spectrophotometer (USA).
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Genotyping of G/C polymorphism, VEGF gene was performed on a real-time PCR
amplifier Rotor Gene 6000 Model 65H0-100 (Australia), using the test system of the
company «Syntol» Cat. No.-NP_555_100_RG (Russia), according to the manufacturer’s
instructions. Statistical analysis of the results was carried out using the statistical software
package «OpenEpi 2009, Version 2.3». The frequency of variants of alleles and genotypes
(f) was calculated by the formula: f=n/2N and f=n/N, where n is the occurrence of the
variant (allele and genotype), N is the sample size.

B RESULTS

The results of molecular genetic studies of the VEGF-A-634 G>C gene are presented in
Table 1.

As follows from the table, in the control group of healthy children, the functional allele
of the VEGF-A - 634 gene was detected in 98.3% of cases (59/60), and in the main group -
in 86.4% of cases (95/110), which was 1 time higher than in the control group. (x*=6.52,
p<0.01; HR=0.11; 95% Cl 0.01-0.83). The nonfunctional mutant allele of the SAFR-A -
634 gene in the control group of healthy children was detected in 1.6% of cases (1/30),
whereas in the main group of children with recurrent laryngotracheitis (RLT) was detected
in 13.6% of cases (15/110), which was 8.5 times higher than the indicators of the control
group (x*=6.52; p<0.01; HR=9.32; 95% Cl 1.2-72.4).

A comparative assessment of the frequency of occurrence of the mutant variant allele
C of the VEGF-A-634 gene among children with PPT was 13.6%, and in the control (1.6%)
showed a significant difference in the values of the studied indicator (P<0.01). The obtained
result may indicate the connection of the allele «C» polymorphism of the VEGF-A-634
gene, leading to the replacement of C by G at position 634 of the amino acid sequence,
with relapse in children with laryngotracheitis. At the same time, the risk of developing
recurrent forms of laryngotracheitis in the presence of variant C allele polymorphism in
the genome is increased by 8.5 times (HR=8.5).

Analysis of the distribution of genotypic variants of the VEGF-A-634 G>C gene
polymorphism in the general inheritance model in the control group of healthy children
showed the detectability of functional homozygous variants of G/G in 96.6% of cases
(29/30), whereas in patients of the main group this genotype was detected in 78.2% of
cases (43/55), which is 1.2 The number of times was lower compared to the control group.
(x>=5.2; p<0.07; HR=0.12; 95% Cl 0.02-1.0). It should be noted that the high population
frequency of the functional genotype G/G both in the control group and among children

Table 1
The frequency of distribution of allelic variants and polymorphism of the VEGF-A-634 G>C gene in
children with recurrent laryngotracheitis

Frequency of alleles Frequency of genotype distribution
Ne | Group G C G/G G/C C/C
n % n % n % n % n %

1. Main group n=55 |95 86,4 15 13,6 |43 78,2 9 164* |3 5,5

Control group

2. n=30

59 98,3 1 1,6 29 96,6 1 33 - -

Note: * is the confidence indicator in relation to the control group (P<0.05).
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with RLT in the studied sample in combination with a functionally unfavorable genotype
may indicate the benefit towards a functionally favorable allele.

Whereas the heterozygous variant of the VEGF-A-634 G>C gene in the control group
was detected in 3.3% of cases (1/30), and in the main group —in 16.4% (9/55), which was
4.9 times higher than the indicators of control healthy children (x?>=5.22; p<0.07; HR=5.67;
95% Cl 0.68-47.16) An unfavorable homozygous variant of the VEGF-A-634 G>C gene
was detected in 3.6% of cases (2/55) in the group of sick children, and this genotype was
absent in the control group of healthy children (x>=5.22; p<0.07; HR=4.07;95% C| 0.2-81.4)
(Table 1). However, when calculating the overall inheritance model, statistical analysis
showed the absence of significance of these differences (p<0.07).

When analyzing the additive inheritance model according to the Cochran-Armitage
test, the association of genotype polymorphism was statistically significant.

The functional genotypes of the G/G gene VEGF-A-634 statistically significantly
differed from the indicators of control children (x*>=4.9; P<0.03; HR=0.12; 95% Cl 0.02-1.0).
Heterozygous G/C and unfavorable homozygous variant C/C of the VEGF-A-634 gene
significantly differed from the indicators of control healthy children, which amounted to
X?>=4.9; P<0.03; HR=5.67; 95% Cl 0.68-47.16 and x?*=4.9; P<0.03; HR=4.07; 95% Cl 0.2-81.4
respectively.

The obtained data may indicate that the heterozygous genotype of the polymorphism
of the VEGF-A-634 G>C gene is a genetic determinant determining the formation of
recurrent laryngotracheitis, and its carrier is a predisposition factor for the development
of this pathology, increasing its risk by 6 times (HR=5.67).

Thus, the data of our study showed the connection of the unfavorable variant allele
C polymorphism of the VEGF-A-634 G>C gene, leading to the replacement of G by C at
position 634 of the amino acid sequence, with the development of a recurrent form of
laryngotracheitis. We found that the risk of recurrence in laryngotracheitis in the presence
of a variant polymorphism allele in the genome increased by 5.7 times (HR=5.67). The
obtained result also indicates that the heterozygous genotype of the VEGF-A-634 gene
polymorphism is a genetic determinant determining the formation of a recurrent form
of laryngotracheitis, and the carrier of the G/C genotype is a predisposition factor for
laryngotracheitis in children with allergic rhinitis.

The reliable association of the functionally unfavorable G allele and the heterozygous
G/C genotype of the VEGF-A-634 gene of the studied polymorphism with the
pathogenesis of recurrent laryngotracheitis may indicate a high probability of association
of this pathology with a homozygous variant genotype. However, confirmation of this
hypothesis requires additional studies with a significant increase in the sample size due
to the low population prevalence of the functionally unfavorable genotypic variant of the
C/C polymorphism of the VEGF-A-634 gene.

It should be noted that the frequency of unfavorable alleles of polymorphic genes
in different populations may be different, since each population has its own allele fund.
The frequency of occurrence of heterozygous or homozygous genotypes of genes in a
population is also a variable value, since they are influenced by a number of dynamic
factors that determine the genetic structure of the population [19, 22]. Therefore, an
important point in the study of polymorphic genes potentially associated with the
development and pathogenesis of diseases is the analysis of the expected and observed
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Table 2

Analysis of the observed and expected frequency of genotypes of the polymorphism of the VEGF-A-634
G>C gene in groups of patients with RL (RHB compliance).

Genotypes Frequency of genotypes " -
Observed Expected

G/G 78,2 57,15 0,74

G/C 16,3 36,9 0,24 018

c/C 55 5,95 0,019 '

Total 100 100 1,7

frequency of the genotypes of the studied polymorphisms and the correspondence of the
frequency distribution to the Hardy-Weinberg equilibrium (XB) [21, 22].

Based on the study of the frequency of alleles, we calculated the theoretically expected
(expected, exp.) frequencies of genotypes of the polymorphism of the VEGF-A-634 G>C
gene in a conditionally panmictic population and analyzed the correspondence of the
actually observed (observed, obs.) frequencies of genotypes to the Hardy-Weinberg law
(Table 2).

The results of the analysis of the frequency of distribution of genotypes by RHV of
the polymorphism of the VEGF-A-634 G>C gene in the main group of children with RLT
showed that the observed frequency of G/G genotypes was 78.2%, heterozygous G/C
genotypes - 16.3% and homozygous - C/C - 5.5% - accordingly, while the expected
frequency of functional genotypes of the G/G group was 57.15%, which was 1.4 times
lower than those observed, while heterozygous variants of G/C were - 36.9%, which
was 2.3 times higher than the observed indicators, and the expected homozygous non-
functional genotypes of S/S were 5.9%, which was 1.1 times higher than the indicators of
the observed genotypes, respectively.

Whereas in the control group, the observed and expected frequency of functional G/G
genotypes of the VEGF-A-634 gene was found in 96.7% and 60.6% of cases, respectively,
and the heterozygous G/C variant of the observed variant was noted in 3.3% of cases, and
the expected one - 34.5% of cases.

A comparative analysis of the expected and observed frequencies of genotypes of this
polymorphism revealed the absence of a statistically significant deviation of indicators
(P>0.05) in all the studied groups, which indicates that the observed proportion of
genotypes in the studied samples corresponds to the Hardy-Weinberg equilibrium.

The study of the genetic structure of this marker revealed a relatively high level of
expected heterozygosity of the G/C gene VEGF-A-634 in the main group of patients
in relation to the control group (36.9% and 34.5%, respectively). The results obtained
indicate the possibility of high frequencies of expected heterozygotes, rather than actually
calculated heterozygotes.

It should be noted that in the clinical course of the underlying disease, in addition to the
etiological factor, an important importance is attached to concomitant pathology. Thus,
the results of molecular genetic studies were analyzed taking into account background
diseases in children with RLT. Thus, the results of clinical analyses of children showed that
in the main group 33 children were diagnosed with anemia of varying severity, which
accounted for 60% of cases, allergic rhinitis — in 18 (32.7%) and rickets was detected - in
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6 children, which amounted to 10.9% of cases. Taking into account allelic variants of the
VEGF-A-634 gene.

Taking into account allelic variants of the VEGF-A-634 gene, anemia was most often
noted in children with a favorable allelic variant G — 80%, allergic rhinitis in 23.6%, rickets
in 5.5% of cases. Whereas 14.5% (8) of children with unfavorable allelic variants of the
VEGF-A-634 gene were often diagnosed with anemia, allergic rhinitis was diagnosed in
9.1% (5 patients), respectively.

Taking into account the correspondence of the observed proportion of genotypes of
the polymorphism of the VEGF-A-634 (G/C) gene in the studied samples to the Hardy-
Weinberg equilibrium, our study indicates a possible association of the functionally
unfavorable allele «C», leading to the replacement of G by C at position 634 of the
amino acid sequence, with the risk of recurrent laryngotracheitis. At the same time, the
risk of developing laryngotracheitis in children in the presence of a variant allele with r
polymorphism in the genome increases the risk by 9 times (HR=9.3). We also showed that
the heterozygous genotype of the G/C polymorphism of the VEGF-A-634 gene is a genetic
determinant, which is a predisposition factor for the development of this pathology,
increasing its risk by 5.6 times (HR=5.7). The data obtained requires close attention from
ENT doctors and pediatricians.

B CONCLUSION

Thus, the C allele and the hetero-G/C and C/C homozygous genotypes of the Ile 105
Val polymorphism of the VEGF-A-634 gene are significant markers of an increased risk of
recurrent laryngotracheitis in children of the Uzbek population (P<0.03). The G allele and
the functionally favorable G/C genotype are reliable protective markers in with respect to
the development of pathology (x*=4.92; p<0.03; HR=5.67; 95% C| 0.68-47.16).
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