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ABSTRACT

In recent years, there has been an increase in bronchopulmonary dysplasia morbidity in premature infants,
which is associated with improved survival. We analyzed the risk factors for bronchopulmonary dysplasia. It is
known that the most important factors are low gestational age and birth weight, as well as prolonged use of me-
chanical ventilation and late onset of neonatal infection. Genetic factors can alter the body’s ability to withstand
oxidative stress and infection. Many candidate genes may participate in the development of bronchopulmonary
dysplasia, especially those related to the regulation of the growth of alveoli, the inflammatory response, antioxidant
protection and recovery processes of cells.

For this study we selected glutathione-S-transferase family genes — GSTM1, GSTT1, GSTP1. We carried out a
retrospective study on the basis of a case-control. The study included 21 prematurely born babies with bronchopul-
monary dysplasia (main group) and 52 premature infants who did not have bronchopulmonary dysplasia (control
group). All the children underwent clinical, instrumental and laboratory examination, as well as genetic testing.
Polymorphism of the genes in question and various combinations of polymorphic variants do not affect the risk of]
bronchopulmonary dysplasia and its severity.

We have detected the effect of genetic polymorphisms on the indicators that characterize respiratory support, fre-
quency of the use of mechanical ventilation, noninvasive ventilation, oxygen therapy, the duration of mechanical ven-
tilation, the duration of non-invasive ventilation, maximum inspiratory pressure and the risk of bronchopulmonary
dysplasia in the infants under study. We have found a similar indirect effect of genetic polymorphisms on other inde-
pendent risk factor — late neonatal infections. For proper evaluation of the contribution of genetic polymorphism it is
necessary to conduct a preliminary analysis of possible clinical and laboratory parameters to identify strong indepen-
dent predictors, and then analyze the indirect effects of genetic factors. Further research and development of new ap-
proaches to the mechanical lung ventilation regimens in premature infants and consideration of the genetic polymor-
phisms will create a set of preventive measures and reduce the incidence of bronchopulmonary dysplasia.

Keyworps: bronchopulmonary dysplasia, prematurely born children, risk factors, genetic polymorphisms,
artificial lung ventilation.

INTRODUCTION

The current advances in technology of prema-  cal symptoms, but the problem of the disease
ture infants nursing and applied prolonged respira-  Pathogenesis study is still great and the develop-
tory therapy boosted the incidence of bronchopul- ~ Ment of preventive measures is very important
monary dysplasia among patients in the neonatal ~ [Bhandari A, Panitch HB 2006; Matthew M et al.,

intensive care unit. According to literature data ~ 2011; Ali Zetal., 2013].

there is a tendency to reduce the severity of clini- As of today the main pathogenetic mechanisms of
bronchopulmonary dysplasia development, in par-
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the central role in the development of BPD belongs to
infection. The works of Bhandari V. (2009, 2014) in-
dicate the key role of infection, as well as hyperoxia
and invasive mechanical ventilation in the pathogen-
esis of bronchopulmonary dysplasia. According to
the work of Woynarowska M. (2008), there is asso-
ciation between the severe form of bronchopulmo-
nary dysplasia and late infections. The presence of
prenatal infection may increase the risk of chronic
lung disease, and the number of late infections affects
the severity of bronchopulmonary dysplasia. Long-
term use of antibiotics and extraction of multidrug-
resistant strains from the endotracheal tube is confir-
mation of the role of late infection in the pathogenesis
of bronchopulmonary dysplasia. So, it can be con-
cluded that there are several factors leading up to the
development of bronchopulmonary dysplasia, among
which premature birth is the leading one, and the oth-
ers, such as pulmonary baro- and volumotrauma, hy-
peroxia and inflammation are triggering ones. The
multiple morphoregulatory molecules with a wide
margin of activity, which depends on the genetic
variability of a single nucleotide polymorphism in an
individuum, are involved in these processes. Those
genetic factors may alter the body’s ability to resist
oxidative stress and infection. Many candidate genes
may participate in the development of bronchopul-
monary dysplasia, especially those associated with the
regulation of alveoli growth, inflammatory response,
antioxidant protection and cellular recovery processes
[Van Marter L et al., 2002; Woynarowska M et al.,
2008; Danileviciute A et al., 2012; Lopez E, Jarreau P,
2013; Bhandari V, 2014; Novitsky A et al., 2014].
Glutathione S-transferase (GSTs) is a family of
cytosolic proteins that are involved in detoxification
and conversion of various active exogenous and en-
dogenous substances, including products of lipid
peroxidation and medicines. In biological human
tissues the expression of different classes of GSTs
occurs in different periods of the ontogenetic devel-
opment, which determines the state of the metabolic
conversion of foreign compounds and endogenous
toxic metabolites. The concentration of enzymes
isomer, identified in liver, placenta, lung, brain, kid-
ney, intestine and other organs and tissues depends
on age features and anthropogenic load, since the
inducible system of regulation is characteristic for
these enzymes [Hayes J, Strange R, 2000].
Synthesis of isomer enzymes is encoded by the

family of glutathione S-transferase genes. In humans
five major subfamilies of cytosolic GSTs are distin-
guished, which are designated as GSTa, GSTy,
GSTrt, GSTr and GST( [Hayes J, Strange R, 2000].

The most studied gene among the GSTp subfam-
ily is GSTM1 (chr 1: 110,031,965-110,037,890),
which may have a deletion polymorphism, if the de-
letion is present in the homozygous state, the syn-
thesis of the respective enzyme-isomer does not
occur. Due to the broad cross substrate specificity
for the entire family of enzymes in GSTs, the ab-
sence of this isomer does not affect the viability and
survival of individuals with this genetic defect. The
rate of the deletion polymorphisms in the homozy-
gous state for individuals of white race composes
from 40 to 60%, for the different age groups of
Ukrainian population — 50% in average [Bolt H,
Thier R, 2006; Znamenskaya T et al., 2009].

GSTT1 gene (chr 22: 22,706,142-22,714,271)
is the member of the t family. If the deletion poly-
morphism of the gene GSTT1 is present in the ho-
mozygous state the enzyme-isomer synthesis does
not takes place. The rate of homozygous deletion
polymorphism in white races is 10 to 20%, in Asian
population — 40%, in the different age groups of
Ukrainian population — 20% in average [Znamen-
skaya T et al., 2009].

GSTP1 gene (chr 11: 67,108,171-67,110,701)
is encoding the corresponding enzyme-isomer, and
can have several polymorphisms that determine
the catalytic activity. Replacement of the nucleo-
tides adenine to guanine in position 313 of the
gene results in the changes to the protein mole-
cules, specifically, a substitution of valine for iso-
leucine at position 105. Among individuals with
guanine instead of adenine in homozygous and
heterozygous state the enzymatic activity of
GSTP1 is decreasing [Frank D et al., 2002].

At present time the following features of GST
genes are known: biotransformation of a large
amount of drugs and industrial chemicals, for ex-
ample, cytostatics, and halogenated hydrocarbons;
metabolic detoxification of various carcinogens;
deactivation of oxygen free radicals, which can be
involved in cellular inflammation, aging and de-
velopment of degenerative changes; activity in the
antioxidant defense mechanisms; control of the an-
tioxidant system and the inflammatory response in
allergies; impact on the development of the lungs
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[Hayes J, Strange R, 1995; Hayes J, Pulford D,
1995; Strange R et al., 2001; Gilliland F et al.,
2002; An J, Blackwell T, 2003; Allocati N et al.,
2003; Habdous M et al., 2004; Bolt H, Thier R,
2006; Melen E et al., 2008].

Recently there has been a lot of evidence that
GSTM1 and GSTP1 are responsible for the reduction
of lipid oxidation products in the lungs and modula-
tion of eicosanoid synthesis and other pro-inflamma-
tory mediators. Furthermore, GST act as modulators
of signal transduction pathways that control cell pro-
liferation and death, can therefore be assumed that
these genes can be programmed in prematurely born
children development of the lungs, which can go on
the road of recovery or repair depending on interac-
tion of genetic factors and the environment [Hayes J,
Strange R, 2000; Lo H, Ali-Osman, 2007; Laborde E,
2010; Sau A et al., 2010].

In confirmation of the above, scientific literature
provides evidence about associations between the
glutathione S-tranferases genes polymorphism and
the increased demand in the use of mechanical venti-
lation in prematurely born infants, the increased rate
of pneumonia, respiratory infections, perinatal pa-
thology, chronic obstructive lung disease and asthma.
There are studies that confirm the impact of glutathi-
one S-transferase family genes (GSTT1, GSTM1 and
GSTP1) polymorphism on the formation of the pul-
monary system in infants and young children, start-
ing from the prenatal period of life, as well as the
presence of expressed genetically mediated differ-
ences in the functional lung parameters in preschool
children. Insufficient attention has been paid to the
issue of studying the genetic polymorphisms effect
on the risk of bronchopulmonary dysplasia in pre-
term children, and available literature data indicate
that the glutathione S-transferase family genes can be
considered as candidate genes for the risk of bron-
chopulmonary dysplasia [Horovenko N et al., 2007;
Rossoha Z, 2007; Saadat M, Ansari-Lari M, 2007;
Lavoie P et al., 2008; Horovenko et al., 2009; Zna-
menskaya T et al., 2009; Liang M, 2010; Dani-
leviciute A et al., 2012; Ali Z et al., 2013; Hadchouel
A, Delacourt C, 2013; Esposito S, 2014; Liu Y, 2014].

The objective of this work was to study the pos-
sible associations between GSTT1l, GSTM1,
GSTP1 genes polymorphism and the risk of bron-
chopulmonary dysplasia, its severity, and the need
for respiratory support within neonatal period.

MATERIALS AND METHODS

We conducted a retrospective study on the basis
of a case-control. The study was approved by the
Institutional bioethics committee and conforms to
the principles outlined in the Declaration of Hel-
sinki (Br. Med. J. 1964; p.177). The study included
21 prematurely born babies with BPD (main group)
and 52 premature born babies who did not have
bronchopulmonary dysplasia (control group). Clini-
cal and laboratory-instrumental examination and
genetic testing were conducted for all infants. The
following criteria were used for inclusion in the
control group: body weight at birth less than 1500 g,
gestation age less than 32 weeks and absence of the
first clinical manifestations of bronchopulmonary
dysplasia starting from the 36" week of gestation
and subsequent follow-up. Significant differences
in main clinical parameters in patients of both
groups have not been identified (Table 1).

The material for conducting the study was periph-
eral venous blood of newborns, collected into tubes
with ethylene diamine tetraacetic acid in the amount
of 1.2 ml. Blood samples were collected in sterile
tubes of closed system Monovett, SARSTEDT
AG&Co, Germany. Before analysis the samples were
stored at a temperature of — 20°C. After the procedure
of DNA samples extraction from the collected mate-
rial using a commercial reagent kit DNA-sorb-B,
AmpliPrime Company, Russia, molecular genetic
study was performed using polymerase chain reac-
tion and restriction fragment length polymorphism
methods. Analysis of deletion polymorphism of

TaBLE 1.
The main characteristics
of the newborns under study
Clinical Indicators é\ﬁlg&r; C;orr(;hrgl p*
parameters (n=21)  (n=52)
Gestational ,\'>|/Ie 272'$6 22‘32 0.1184
age (weeks
ge ( ) Q-Q, 2629  27-31
. M 1093.81 1142.78 0.2469
‘é\l’ft'r?r(‘;;‘t Me 990 1180
Q,-Q, 850-1330 975-1315
Number of n 12 26 0.580
neonates % 57.14 50.0

NoTtE: * — significant difference between the main and
control groups.
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GSTT1, GSTML1 genes was conducted using the
multiple polymerase chain reaction method. To de-
termine polymorphic variants of A313G 5 of the
GSTP1 gene exon polymerase chain reaction was
also performed using the amplification reaction prod-
ucts. Detection of the polymerase chain reaction
products and restriction analysis was performed
using agarose gel. Amplification of extracted DNA
was performed in a reaction mixture using M. Arand.
The amplification products of the GSTP1 gene site
were subjected to hydrolytic decomposition with the
help of Alw261 restriction endonuclease. The ampli-
fied fragments were subdivided using horizontal
electrophoresis in 1.5% agarose gel by staining with
ethidium bromide [Arand M et al., 1996].

Processing of quantitative variables involved
traditional methods of parametric and non-para-
metric statistical analysis. The analysis of qualita-
tive features, which were displayed mainly in per-
cent, involved non-parametric methods. Using
parametric statistics, normal distribution of quanti-
tative traits conducted via Kolmogorov-Smirnov
test was verified; equality of the population vari-
ance was checked using Fisher’s exact test.

In a normal distribution of data main statistical
characteristics were used, specifically: main value
(M) to determine the central tendency, standard
mean error (m) for the accuracy of estimates of the
mean, confidence interval (CI) — to determine the
95% range of the mean.

Determination of the t-test allowed us to find
the probability that the average values of quantita-
tive traits calculated for different groups belong to
one and the same set. If this is probability, like
p<0.05 then those traits belong to different sets,
because their averages differ significantly. Con-
versely, if the probability found above 0.05, the
samples belong to one set, because there is no sig-
nificant difference between their average values.

When the distribution of central tendency was
abnormal we used median (Me) and the first and
the third quartiles (Q,-Q,).

Comparison of relative values expressed in per-
centage was performed using the test c2 (xi-square
test), and comparison of the quantitative values with
abnormal distribution for unrelated samples was
performed using the Mann-Whitney test (U-test).

In order to evaluate the differences in the com-
pared groups we used the method of logistic re-
gression (SPSS software).

RESuLTS

In 2012 in the Poltava area of bronchopulmo-
nary dysplasia was observed at an increased rate of
29.6%. It should be noted that 100% of the identi-
fied cases were prematurely born children with
gestational age of 25-27 weeks. On the one hand,
this indicates the improvement of survival rates in
preterm children, and on the other, it shows the
need for a comprehensive analysis of known ge-
netic risk factors for reducing morbidity rates.

We analyzed the influence of well-known risk
factors of the perinatal and neonatal period on the
development of bronchopulmonary dysplasia in
the neonates under study. We also took into ac-
count the emergency medical attendance provided
to prematurely born infants beginning from the de-
livery room until 36 weeks of postconception age.
The retrospective analysis of risk factors con-
ducted by stages - on the 1%, 7™ 28" day in 36
weeks of post conceptional age.

We have revealed the significant impact of ges-
tational age and weight at birth on the increased
risk of BPD developing. The children from the
main group significantly more often demanded the
artificial lung ventilation in the delivery room, at
the same time no differences were found in the
groups in the case of oxygen therapy. The begin-
ning time of the respiratory support for both groups
did not differ significantly. The analysis of the
neonatal course revealed the significant increase in
the number of the arterial hypotension episodes in
newborns from the main group during the first 7
days. Other important risk factors are mechanical
ventilation and respiratory support. A statistical
analysis of the results showed that on the 7t day of
life each gram of newborn’s weight reduces the
risk of bronchopulmonary dysplasia by 0,005;
each week of gestational age does it by 0.48, and in
the presence of mechanical ventilation in the early
neonatal period the risk of bronchopulmonary dys-
plasia increases by 4.04.

We revealed that the newborns from the main
groups on the 28" day had significant increase in
the degree of late infections and recanalization of
open ductus arteriosus as well as the rate in the
required long-term mechanical ventilation.

At the second stage, we analyzed the polymor-
phic GSTT1, GSTML1 and GSTP1gene variations
(Figure 1), as well as their combinations in the
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FiGure 1. Distribution of polymorphic GSTT1, GSTM1 and GSTP1 genes variants in the comparison groups.
Nortes: 1 - GSTT1 deletion, 2 - GSTT1 allele, 3 - GSTM1 deletion, 4 - GSTM1 allele, 5 - GSTP1 AA,

6 - GSTP1 AG, 7 - GSTP1 GG

comparison groups. Insignificant increase in the
rate of GSTM1 gene deletion polymorphism was
observed in main group compared with the control.
The rate of the deletion GSTT1 gene polymor-
phism does not significantly differ in the compari-
son groups. Distribution polymorphic variants of
GSTP1 gene were not statistically different in the
main and control groups as well.

Therefore, the polymorphic variants of genes of
the glutathione-S-transferase family did not affect
the risk of bronchopulmonary dysplasia in prema-
ture infants. Also, we found no effect of these
genes on the severity of the disease. Since we were
determined that the important risk factors for the
development of bronchopulmonary dysplasia are
mechanical ventilation and respiratory support, in
the following analysis, we analyzed the effect of

polymorphic variants of these genes on the need
for respiratory support.

Several authors have shown that genetic poly-
morphisms can be used to predict the need for re-
spiratory support and artificial lung ventilation in
prematurely born children. We evaluated the effect
of genetic polymorphisms on the indicators that
characterize respiratory support, the frequency of
use of ventilation, continuous positive airway
pressure (CPAP) and oxygen therapy, the duration
of mechanical ventilation, continuous positive air-
way pressure and peak inspiratory pressure. The
polymorphic variants of genes we studied did not
affect the need for artificial lung ventilation in pre-
mature infants, but as can be seen from table 2 they
conclusively determined its duration.

The mean duration of artificial lung ventilation

T4BLE 2.
Respiratory support parameters in neonates, depending on the GSTT1, GSTM1 genes polymorphism

GSTT1 genotype GSTM1 genotype

Health intervention GSTTL(+) GSTTL(-) P [ GSTML(+) GSTML(-) p

(n=37) (n=11) (n=27) (n=21)

Mean duration of mechanical 7 16 7 9

ventilation in days 0.017 0.069
4-10 8-28 4-10 7-19

(Me/Q,-0.) (4-10)  (8-28) (4-10) (7-19)

Mean duration of CPAP in days 55 20 11 6

(Me/Q,-Q,) @7) (2325 Q0011 (g3 (2-16) 0.221
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in premature infants, who had the GSTTL1 (-) gen-
otype was significantly higher than in newborns
with the GSTT1(+) genotype, p=0.017. These dif-
ferences were also found when we were evaluating
the impact of these genes on the average duration
of continuous positive airway pressure, in new-
borns with the genotype GSTT1 (-) the mean dura-
tion of CPAP was significantly higher. Polymor-
phic variants of GSTM1 gene did not affect the
parameters of respiratory support in the premature
infants under study. We have identified the impact
of GSTR1 gene polymorphism on the respiratory
support parameters (Table 3).

In newborns with the GG genotype the duration
of mechanical ventilation was significantly higher
compared to children with genotype AA and AG
(respectively, Me / Q,-Q ,26.5 [25-28] days com-
pared with 7 [5-8] days, p=0.000 and 9 [3.5-17.5]
days, p=0.0236). The average duration of continu-
ous positive airway pressure therapy in the pres-
ence of genotype AA GSTP1 gene was less than in
children with genotype AA and AG, but these data
were not significantly different. These data indi-
cate a need for increase sampling and further stud-
ies to obtain reliable results.

In carrying out this work we analyzed the im-
pact of combinations of genotypes on mechanical
ventilation options. The children with the combi-
nation of GSTT1(-) and GSTML1 (-) had a signifi-
cantly longer mean duration of artificial lung ven-
tilation, than the children with the functional vari-
ants of these genes (16 [8-28] days versus 7 [4-10]
days, p=0.0021). The children, who had combina-
tion of the GSTT1 (-) and the GG genotype of the
GSTP1 gene had a significantly longer mean dura-

tion of artificial lung ventilation (17.5 [8-28] days)
compared to the children who had the functional
variants of these genes and the mean duration of
artificial lung ventilation for them was 7 [5-8.5]
days, p=0.0149. Similar results were obtained for
children with non-functional versions of the genes
GSTM1 and GSTP1 compared to children with
functional variants of these genes (13 [7-28] days
and 7 [5-8] days, respectively, p=0.0325). The re-
sults of statistical analysis revealed no significant
differences in the mean duration of continuous
positive airway pressure depending on various
combinations of genotypes. Therefore, we have
identified a significant impact of genes data and
combinations of their unfavorable variants on an
increase in the duration of mechanical ventilation.

This indirect effect of genetic polymorphisms
on the risk of bronchopulmonary dysplasia has
been revealed during the analysis of its impact on
another independent risk factor — late neonatal in-
fection. In children who had the GSTM1 (-) vari-
ant the risk of late infections increased (OR 3.71
[95% CI 1.4-9.82]), p=0.008, compared to geno-
type GSTML1(+). Similar results were found for
genotype AG of GSTP1 gene, in particular a rela-
tive risk to have a recent infection in children with
this gene variant was 3.71 (95% CI 1.04-9.82),
p=0.008. The relative risk of later infection in pre-
mature infants increased with a combination of
these unfavorable polymorphisms AG and GG by
4.2 times (OR 4.22 [95% CI 1.53-11.65]), p=0.005.
Our findings are of no little interest, because they
show that genetic polymorphism may indirectly
contribute to the development of the disease, af-
fecting its other significant risk factors.

TABLE 3.

Parameters of respiratory support in newborns depending on the GSTP1 gene polymorphism

GSTP1 genotypes

Health intervention AA1L AG2 GG3
(n=21) (n=24) (n=4) P
Mean duration of mechanical ventilation in 7 9 26,5 pp1::006103061
days (Me/Ql'Qg) (5'8) (35'175) (25'28) p220:0236
Mean duration of CPAP in days (Me/Q.-Q.) 2.5 1 ! P 2008
ean duration o in days (Me/Q,- N i i p,=0,
1% (1.5-11.5) (4-22) (6.5-20.5) 5:=05074
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DiscussioN oF RESULTS

Our study found no significant direct associa-
tion between GSTM1, GSTT1, GSTP1 genes poly-
morphism and the development of bronchopulmo-
nary dysplasia as well as its severity. We investi-
gated the mediating impact of the polymorphism
of these genes on the development of bronchopul-
monary dysplasia by identifying significant asso-
ciations with known risk factors for this disease —
the duration of mechanical ventilation and late-
onset infections.

We have proved a significantly longer duration
of mechanical ventilation in children with:

» GSTT1 deletion polymorphism versus the chil-
dren with its functional genotype

» GSTP1 deletion versus the children with its
functional genotype

» GSTT1 (=) / GSTM1(-) genotypes versus the
children with GSTT1(+) / GSTM1 (+) genotypes

» GSTT1 (-) / GSTP1 (AG+GG) genotypes versus the
children with GSTT1 (+) / GSTP1 AA genotypes

» GSTM1 (-) / GSTP1 (AG+GG) genotypes ver-
sus the children with GSTML1 (+) / GSTP1 AA
genotypes.

The associations between polymorphisms of
these genes and late-onset infections are proved to
be strong, as confirmed by strong links:

» between the development of late-onset infec-
tions and the presence of a polymorphic gene
GSTM1 (OR 3.71 [95% CI 1.4-9.82], p=0.008.

» between the development of late-onset infections
and the presence of a GSTP1 AG or GSTP1 GG
genotype (OR 4.22[95% CI 1.53-11.65], p=0.005.
This result agrees with the data of foreign re-

searchers: Dillon M. et al (2013) shows that null

GSTM1 genotype is a risk factor for exacerbation

of inflammation in individuals after inhalation of

endotoxin.

The combination of polymorphic genes variants
significantly increases the risk of having a late-onset
infection that is confirmed by strong links between:
» development of late-onset infection and the

presence of GSTT1 (-) and GSTML1 (-) geno-

types (OR 4.88 [95% CI 0.75-31.59], p=0.096.

» development of late-onset infection and the pres-
ence of the GSTM1 (-) and GSTP1 AG/GG gen-
otypes (OR 22.67 [95% CI 3.8-132.1], p=0.001.
Therefore, we have identified a significant im-

pact of these genes and combinations of their unfa-

vorable variants to increase the duration of me-
chanical ventilation. Such long-term mechanical
ventilation is undoubtedly a risk factor for volu-
motrauma and barotrauma, which can later cause
damage to the immature lungs.

Literature demonstrates that there are few data
about the effect of unfavorable gene variants on an
increase in the duration of mechanical ventilation
in preterm infants, but analysis of the impact of ge-
netic markers on the risk and severity of dysplasia
has not been conducted. Obtained findings indi-
cate that the influence of genes on the risk of bron-
chopulmonary dysplasia is mediated, that is, it is
implemented due to the change in the parameters
of mechanical ventilation, whose duration, in its
turn, is an independent risk factor for the develop-
ment of bronchopulmonary dysplasia.

These data may indicate genetic susceptibility
of prematurely born children for prolonged me-
chanical ventilation and late infections, which are
the risk factors for bronchopulmonary dysplasia.

Literature data presented the influence of gluta-
thione S-transferase genes polymorphism on pre-
mature birth, perinatal pathology, delay of the mor-
phological lung development in infants and pre-
school children. The results and data presented by
other authors had some controversies. From our
point of view, in order to properly assess the contri-
bution of genetic polymorphism it is necessary to
conduct preliminary analysis of possible clinical
and laboratory parameters to identify strong inde-
pendent predictors, and then to analyze the indirect
effects of genetic factors on the significant predic-
tors. Obviously, the gestational age of the newborn,
weight and duration of mechanical ventilation, late
neonatal infections are the most powerful predictors
of bronchopulmonary dysplasia. However, as shown
by our results, the polymorphism of the genes we
studied contributes to the need for prolonged me-
chanical ventilation and the occurrence of late-onset
infections [Minelli C et al., 2010].

Thus, bronchopulmonary dysplasia is a disease
that impairs the program of lung development due
to the interaction of genetic and environmental fac-
tors, with invasive mechanical ventilation, infection
and hyperoxia being important among them. The
course of lungs development — restoration or repara-
tion — depends on the balance of proinflammatory
cytokines and antiinflammatory cytokines. As a
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consequence of reparation there occurs impairment
of alveolar function and deregulated vascularization
that constitute the morphological substrate of archi-
tectonics in chronic lung disease.

There are many developed clinical prediction
models of bronchopulmonary dysplasia, but they do
not have the popularity in clinical practice due to
their low validity. Another problem is the lack of in-
formation about the risk factors for bronchopulmo-
nary dysplasia in infants within postmenstrual age
changes. It is the development of valid risk predictor
models for bronchopulmonary dysplasia, based on
available clinical information, that will enable clini-
cians to promptly undertake preventive measures,
parents to introduce psychological adaptation and
psychological support, and scientists to plan and or-
ganize a study to examine the effectiveness of those
or other prophylactics. [Agashkov V, 2011].

The research of scientists from developed coun-
tries, including Ukraine present the adverse early
and long-term results of bronchopulmonary dys-
plasia treatment, especially the high morbidity rate
in prematurely born children with bronchopulmo-
nary dysplasia, the delay in physical and psycho-
logical development, but the risk factors including
GST genes polymorphisms, which are significantly
associated with the development of these effects
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