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Aim. To study the association of the polymorphic variants of ACE (I/D), AT2R1 (A1166C), TNF-6 (G3084),
MTHFR (C677T) genes and their combinations with the risk of perinatal pathology and gestation reduction.
Methods. The polymorphic variants of genes were analyzed by PCR and RFLP in 235 newborns with severe
perinatal pathology and 110 clinically healthy term newborns. Results. An increased risk of severe perinatal
pathology was associated with such genotypes: DD and ID (ACE), 1166AC, 1166CC (AT2R1), 677CT
(MTHFR), 30844 and 3084G (TNF-0,), this risk for homozygotes is almost 2-fold higher than for heterozygotes.
Reduction of terms of gestation is associated with the genotype 677TT (MTHFR), and resistance to diseases in
the perinatal period — with the genotype Il (ACE) and 116644 (AT2R1), 677CC (MTHFR) and the 308GG (TNF-
o), particularly when com- bined. Conclusions. The identified associations evidence the role of polymorphic
variants of ACE, AT2R1, TNF-a, MTHFR genes in the development of severe perinatal pathology and can be
used for its early prediction with subsequent correction of treatment.

Keywords: perinatal pathology, polymorphism, ACE, AT2R1, TNF-o, MTHFR genes..

Introduction. Perinatal pathology of newborns is a
current interdisciplinary problem of modern clinical
medicine as it contributes significantly to the infant
mortality and incapacitation, increasing both. In
perinatal period, which covers antenatal life from week
28 of gestation throughout the first week after birth, in
organisms of both fetus and newborn experience some
important physiological processes occur aimed at
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preparation and adaptation to the postnatal life. Quite
often these physiological processes are accompanied
by the development of pathologies. Perinatal pathology
is diagnosed in the newborns, who suffered from
perinatal asphyxia and showed clinical symptoms of
hypoxic and ischemic brain damage, revealed through
the analysis of clinical symptoms and the presence of
perinatal risk factors. As for today, there are neither
laboratory tests nor methods enabling clear forecast or
diagnosis and determination of the severity degree.
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The role of genetic factors in the development and
course of critical conditions of newborns is studied
insufficiently. Scientific literature contains
disembodied data about the influence of genetic
polymorphism and mutations on the risk of
development of perinatal pathology and neonatal
syndromes [1-5]. There has never been complex study
on polymorphic variants of genes and their
combinations in view of pathogenic mechanisms of the
development of critical conditions in newborns. For
that reason the objective of our research was to study
association of polymorphic variants of genes of
angiotensin-converting enzyme (ACE (I/D)), receptor
of angiotensin II type 1 (AT2RI (A1166C)), tumor
necrosis factor (TNF-6 (G308A)),
methylentetrahydrofolate reductase (MTHFR
(C677T)) and their combinations with the risk of
development of perinatal pathology and reduction in
gestation terms.

Materials and Methods. Two hundred and thirty
five newborns, 1-3 days old, with severe perinatal
pathology, admitted to the specialized Department of
Pathology of Newborns of OKHMADET, Science and
Research Specialized Hospital, Kyiv, and Department
of Intensive Therapy of Maternity Home, Poltava, were
examined. 119 newborns with severe perinatal
pathology were born with gestation age of 28-37
weeks, 116 newborns — 38—40 weeks. Throughout the
early neonatal period all 235 newborns showed clinical
symptoms of perinatal hypoxic and ischemic damage
of nervous system, which in 201 newborns (85.53%)
was caused by perinatal asphyxia. Out of total of 235,
151 newborns (64.26%) showed the complication of
early perinatal period by respiratory distress syndrome
(RDS), 69 newborns (29.36%) had necrotic
enterocolitis (NEC), 84 newborns (35.74%) had
neonatal jaundice. A criterion for the newborn to be
studied was the presence of severe perinatal pathology,
while  congenital  malformation, development
anomalies, and hereditary diseases were the criteria for
exclusion. Standard clinical, instrumental, and
laboratory methods were applied by neonatologists in
specialized departments to determine the diagnosis.
Control group included 110 clinically healthy
newborns, born during term labors or physiological
labors (Apgar score 8-9) without clinical symptoms of

perinatal diseases and let home on 3"-5" day. DNAs
were isolated from newborns’ cord and peripheral
blood using DNA-sorb-B reagents (Russian
Federation) according to the manufacturer’s
instructions. Polymorphic variants of ACE (I/D),
AT2R1 (A1166C), TNF-6 (G308A), MTHFR (C677T)
genes were analyzed using the method of polymerase
chain reaction (PCR) and restriction fragment length
polymorphism (RFLP) [6-8]. The amplification
conditions and list of restriction endonucleases are
presented in Table 1. Depending on the
presence/absence of certain restriction sites in the
amplified DNA section, the restriction products varied
in length (Table 1). The PCR and RFLP products were
detected in 2% agarose gel. The length of restriction
fragments was analyzed against a marker DNA.

Statistic analysis of results was made using
Statistica 6 software to calculate standard criterion 4’
and to define Odds Ratio (OR).

Results and Discussion. While planning this
study, we selected some possible candidate genes in
accordance with the current views about mechanisms
of the development of perinatal pathologies. Analysis
of specificities of metabolic processes in fetuses and
newborns throughout perinatal period enabled us to
distinguish principal pathogenic links, subjected to
pathological changes at the development of critical
conditions, as well as possible susceptibility-associated
genes, presented in Figure 1.

Supporting appropriate level of blood circulation
and vascular homeostasis processes is extremely
important at the maximal tension of physiological
processes during the delivery and adaptation in early
neonatal period. The ACE and AT2R1 gene expression
products are involved into stabilization of vascular and
cell homeostasis, functional state of endothelium, and
blood circulation processes [9, 10]. According to the
scientific literature data, deletion polymorphism of
ACE gene (DD-genotype) is known to be associated
with an increase in ACE activity, which enhances the
tonus of smooth vascular muscles and susceptibility to
acute ischemia [11]. Some authors supposed that
regulation of soluble ACE level could be connected
with disorder in the regulation of transcription or
splicing of ACE pre-mRNA. As a rule, the presence of
genotype II has protective effect on cardiovascular
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Tablel
Conditions for definition of polymorphic variants of studied genes

Amplification conditions

Gene

Length of fragments after
Restriction endonuclease Polymorphism amplification and

Annealing, °C No. of cycles restriction, b.p.
ACE 58 30 - /D 490, 190
AT2R1 65 35 BstDel All166C 352,238ull4
MTHFR 70 35 Hinfl C677T 301, 176 u 125
TNF-o 60 35 Ncol G3084 107, 87 u 20
lood circulati
blood circulation GT > Perinaal
ACE pathology
Va scular ho meos ta sis — AT2R1

Detoxication

Vitamins and microelements accumulation/

andtheir metabo lism

Fig. 1 Possible candi-
date genes, associated

‘ M acrop hages activations

‘ with newborns’ here-
ditary susceptibility to

Antioxidant pro tection ‘ ‘

perinatal pathology

Development of the inflammatory response

events due to the fact that low enzymatic activity does
not lead to activation of angiotensin II and inactivation
of bradykinin. The AT2R1 activity also influences the
occurrence of dysfunction of vascular endothelium.
The carriers of different genotypes of AT2R1 gene
differ in efficiency of binding angiotensin II, which
defines functional condition of a blood vessel wall.
Scientific literature contains the data about
sinergistical impact of AT2R1 1166CC genotype and
ACE DD genotype on the development of pathological
changes in cardiovascular system [11].

The above mentioned mechanisms of support of
vascular homeostasis are extremely important for
newborns as in perinatal period normal blood
circulation is essential in the conditions of short and
long term hypoxia as well as in case of resuscitation in
critical conditions.

Necessary  physiological — reorganization of
newborn requires optimal metabolic transformations
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taking into account the fact that occurring hypoxia
leads to the imbalance of oxidative and antioxidative
processes, which, in its turn, stimulates the synthesis of
anti-inflammatory cytokines and assists in changing
vascular homeostasis.

Activation of vascular cytokines, including TNF-0,
is a response to many stimuli, i.e. hypoxia, intrauterine
infection, birth stress [12]. It has been shown that for
individuals with AA genotype in 308" position of
promoter area of TNF-6 gene the transcriptional
activity of the Ilatter is higher [13], i.e.
anti-inflammatory cytokine in these individuals is
synthesized in inadequately increased amounts, and it
influences rapid increase in the formation of hydrogen
peroxide and other free radicals in macrophages and
neutrophils, which results in significantly higher
oxidative stress. Accordingly, the individuals with
308GG genotype have normal transcriptional activity
of the gene, which does not lead to excessive
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Table2

Distribution of genotypes of studied genes in mature and premature newborns

Premature patients

Mature patients

Gene Genotype
n % n %
ACE (1/D) 1 15 12,61 23 19,83 2,26 1,71 0,84-3,48
ID 69 57,98 60 51,72 0,93 0,78 0,46-1,30
DD 35 29,41 33 28,45 0,03 0,95 0,54-1,68
AT2R1 (A1166C) 1166AA 67 56,30 61 52,58 0,33 0,86 0,51-1,44
1166AC 36 30,25 47 40,52 2,71 1,53 0,92-2,69
1166CC 16 13,45 8 6,90 2,75 0,48 0,20-1,16
TNF-a. (G308A) 308GG 51 42,86 50 43,10 0,00 1,01 0,60-1,69
308GA 55 46,02 59 50,86 0,51 1,20 0,72-2,01
308AA 13 10,92 7 6,03 1,80 0,52 0,20-1,36
MTHFR (C677T) 677CC 48 40,34 49 42,24 0,09 1,08 0,64-1,82
677CT 51 42,86 63 54,31 3,08 1,58 0,95-2,65
677TT 20 16,81 4 3,45 11,43 5,66 1,87-17,1%*
*p < 0,05.
production of TNF-06 cytokine. The newborns with AA Our preliminary analysis showed that the

genotype responding to unfavorable course of perinatal
period or Dbirth stress will  hyperproduce
anti-inflammatory cytokine TNF-6, which causes
irreversible changes accommodating perinatal hypoxic
damage, cardiovascular disorders and apoptosis.

Missense mutation C677T in MTHFR gene
decreases catalytic activity of corresponding enzyme
by average 35-70% of norm by changing its
thermolability. A number of polymorphic MTHFR
variants were shown to influence the process of
apostasies of chromosomes and antenatal development
[14]. Thus, genotypes 677CT and 677TT are associated
with the development of defects and other disorders in
fetus as a result of occurring deficit of methyl groups,
which are necessary for cell proliferation and
differentiation, as well as for an increase in the level of
homocysteine that causes toxic effect. However, the
development of endothelial dysfunction and reduced
anti-oxidative protection in newborns with 677CT and
677TT genotypes can be considered as two of the most
important mechanisms of realization of unfavorable
impact of polymorphic MTHFR variants in perinatal
period.

polymorphic gene variants, studied in this work, are
the most important for normal course of metabolic
processes in perinatal period. Modifications in
structures of genes and their functional activity are the
key factors in the development of perinatal pathologies
and can assist the reduction of gestation term due to the
accumulation of functional changes throughout
prenatal development, which decrease the adaptation
of fetus to antenatal life conditions.

Tables 2 and 3 present the results of our analysis of
polymorphic variants of ACE, AT2R1, MTHFR, and
TNF-6 genes. Analysis of frequency of polymorphic
variants in premature and mature newborns showed
(Table 2) that reduced gestations terms are reliably
associated only with homozygous variant 677TT of
MTHFR (4’ = 11.43, OR = 5.66 (1.87-17.1)).

In our previous publication [3] we have shown that
at all types of perinatal pathologies this genotype was
predominantly (5 to 7 times) present in premature
newborns whereas in the general group of newborns
the increased frequency of 677TT genotype was shown
to be unreliable, which confirms again the association
of this genotype with reduced gestation term.
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Table 3

Distribution of frequencies of genotypes by ACE, AT2R1, MTHFR and TNF-6 in newborns with perinatal pathology and in control

Patients Control

Statistic parameters

Locus

n % n % P OR 95 % CI p
ACE (1/D)
Genotype
11 38 16,17 51 46,36 35,68 0,22 0,13-0,37 <0,001
ID 129 54,89 44 40,00 6,65 1,83 1,15-2,89 <0,01
DD 68 28,94 15 13,64 9,6 2,58 1,40-4,76 <0,01
AT2R1 (A1166C)
Genotype
1166AA 128 54,47 84 76,36 15,16 0,37 0,22-0,62 <0,01
1166AC 83 35,32 24 21,82 6,38 1,96 1,16-3,31 <0,05
1166CC 24 10,21 2 1,82 7,58 6,14 1,42-26,47 <0,05
MTHFR (C677T)
Genotype
677CC 97 41,28 68 61,82 12,67 0,43 0,27-0,69 <0,05
677CT 114 48,51 37 33,63 6,74 1,86 1,16-2,98 <0,05
677TT 24 10,21 5 4,55 3,13 2,39 0,89-6,44 >0,05
TNF-a. (G308A)
Genotype
308GG 101 42,98 80 72,73 16,45 0,28 0,17-0,46 <0,01
308AG 114 48,51 28 25,45 26,59 2,86 1,67-4,55 <0,001
308AA 20 8,51 2 1,82 5,62 5,02 1,15-21,89 <0,05

Due to the fact that no statistically significant
differences have been revealed in distribution of
polymorphic variants of ACE, AT2R1, and TNF-6 in
mature and premature sick newborns (Table 2), in our
further work the results of genotyping were compared
for the integrated group of all children with perinatal
pathology and the control, while for MTHFR gene an
additional analysis was performed].

Table 3 shows that for all studied polymorphic
variants of ACE, AT2R1, TNF-6, MTHFR, except for
one (677TT genotype of MTHFR gene), we revealed
statistically reliable differences in frequencies of
genotypes, i.e.: 1) increased frequency in the group of
sick (DD, ID of ACE gene; 1166CC, 1166AC of
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AT2R1; 677CT of MTHFR; 308AA, 308AG of
TNF-6), which testifies to the association of these
genotypes with increased risk of the development of
perinatal pathologies, in case of homozygotes, the risk
being almost twice as high as that for heterozygotes; 2)
reduced frequency in the sick compared to the control
(I of ACE gene; 1166AA of AT2RI; 677CC of
MTHFR; 308GG of TNF-6), which characterises
protective effect of the aforementioned genotypes.
High reliability of the results obtained confirms the
participation of selected genes in pathogenesis of
severe perinatal pathology.

The separate analysis of the polymorphic variants
of MTHFR gene in mature and premature newborns
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i(rlzlzlllj/sjs of significant combinations of studied genotypes of ACE, AT2R1, MTHFR, and TNF-a genes
Genotype Patients, n = 235 Control, n=110 Statistic parameters
combination ., v ., v 2 OR 95 00 C1 ,

ACE/TNF-a

ID/AG 75 31,9 13 11,82 15,93 3,5 1,84-6,64 <0,05

1I/GG 31 13,19 42 38,18 28,05 0,25 0,14-0,42 <0,05
ACE/MTHFR

DD/CT 39 16,6 6 5,45 8,2 3,45 1,41-8,41 <0,05

ID/CT 59 25,11 17 15,45 4,06 1,83 1,01-3/33 <0,05

I/cc 20 8,51 37 33,64 343 0,18 0,10-0,34 < 0,001
ACE/AT2R1

I/AA 13 5,52 50 45,45 56,74 0,07 0,04-0,14 < 0,001

TNF-a/MTHFR
AG/CT 59 25,11 12 10,91 9,24 2,74 1,40-5,34 < 0,05
GG/CC 42 17,87 52 47,27 32,67 0,24 0,14-0,39 < 0,001
TNF-a/AT2R1
AG/AC 35 14,89 7 6,36 5,1 2,58 1,11-6,00 < 0,05
GG/AA 51 21,70 63 57,27 42,85 0,21 0,13-0,34 < 0,001
ACE/AT2RI/MTHFR/TNF-o

II/AA/CC/GG 6 2,55 30 27,27 48,99 0,07 0,03-0,17 < 0,001

TNF-a 30844

INFa 3084G ACE DD

TNF-a 308GG AT2RI 116644

Fig. 2 Comparative analysis
of  distribu- tion  of
frequencies of genotypes for
stu- died genes: grey —
control; white — newborns
with peri- natal pathology

MTHFR 677CC
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with perinatal pathologies compared with the control
demonstrated that genotype 677TT had increased
frequency only for premature newborns, 677CT - for
mature newborns, whereas the frequency of 677CC
genotype was reliably decreased equally in mature and
premature newborns. (Noteworthy fact is that generally
in the group of sick (Table 3) the increase in frequency
of 677TT genotype was unreliable.) It means that the
presence of T-allele in homozygous or heterozygous
condition is also a risk factor in the development of
perinatal pathologies regardless of gestation age.

Fig.2 illustrates revealed by us multidirectional
influence of homozygotes with different allele variants
of each of four genes on the development of perinatal
pathology (unfavorable effect of homozygosis for one
allele and protective - for homozygotes on the other
allele).

We have analyzed all possible combinations of
polymorphic variants of studied genes, and some
combinations were detected in some patients, whereas
the others were not revealed at all. Table 4 presents
only those combinations of studied genes, the
frequencies of which were reliably different for sick
and healthy newborns.

Comparison of the data in Tables 3 and 4 revealed
the presence of potentiating effect of combination of
some polymorphic variants in newborns’ genotypes on
the development of perinatal pathologies: 1) increased
risk for combination in ID genotype of ACE gene and
genotype AG of TNF-6 gene variant (at the
combination of mentioned polymorphic variants of OR
increases to 3.5 compared with the presence of only
one of these variants — OR equals 1.83 and 2.86
respectively). The risk increases also for the
combination of DD variant of ACE gene and CT
variant of MTHFR gene (OR=3.45 for the combination
of variants against 2.58 and 1.86 respectively for
separate polymorphic variants); 2) significantly
reduced risk of perinatal pathology at the combination
of polymorphic variants with proven by our study
protective action: the most significantly reduced risk
(14.23 times) at the combination II of ACE gene and
AA variants of AT2RI gene, which finds its
confirmation in decrease in OR down to 0.07 against
0.22 and 0.37 for certain corresponding variants at high
probability (4°=56.74, p<0.001) and II of ACE/CC of
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MTHFR (5.45 times), GG of gene TNF-6/AA of
AT2R1 (4.84 times), GG of TNF-6/CC of MTHFR
(4.12 times), GG TNF-6/11 of ACE (3.97 times).

As it can be seen from Table 4, the maximal
potentiating effect is inherent to the combination II of
ACE/AA variant of AT2R1 as even the increase in the
number of protective homozygous variants up to 4 in
individual genotype has influence neither on the level
of risk (OR=0.07) nor on the degree of reliability
(OR=0.001).

Rating of genotype/phenotype correlation based on
the results of this study will be presented in a separate
publication.

The results obtained on distribution of
polymorphic variants of investigated genes and their
combinations as well as the results of statistical
analysis testify to the presence of genetic susceptibility
to the development of critical conditions in newborns
in early prenatal period and reduction of gestation
period.

Genetic susceptibility to perinatal pathology in
newborns, revealed by us, along with subsequent
investigations and developments will accommodate the
creation of personified protocols of prophylactics and
treatment of critical conditions.

H. T FOpO@e‘HKOl' 3, C. 11 Kupbﬂ‘ieHKOl' 2, 3. U. Poccoxa’’

W3zydenue accorpanuu monumMopdusix Bapuantos reHoB ACE (I/D),
AT2RI (A1166C), TNF-o. (G308A), MTHFR (C677T) 1 ux KoMOu-
HALU{ ¢ PHCKOM Pa3BUTHS IIEPHHATAIBHON ATOJIOTHH U COKpAILe-

HHUEM CPOKOB recraimu

'HanmoHasnbHas MeMIMHCKAs aKageMus OCICANIIOMHOTO 00paso-
Banus umenu I1. JI. Illynuka
Va. Joporoxuukas, 9, Kues, Ykpauna, 04112

2Pe(bepeﬂc-ueHTp MOJIEKYJISIPHOH TuarHocTuku M3 YikpauHbl
Va. Joporoxuuxkas, 9, Kues, Ykpauna, 04112

3 T'ocynapcTBenHoe yupexaenne « MHCTUTYT reHeTUUECKOH U pereHe-
patuBHoil Megunusl HAMH Ykpaunsn»y
V. Beimropojckasi, 67, Kues, Ykpauna, 04114

Pesrome

Lenv. Uzyuums accoyuayuro norumopdusix eapuarnmosg 2ernos ACE
(I/D), AT2R1 (A1166C), TNF-o. (G3084), MTHFR (C677T) u ux xom-
OuHayUll ¢ pUCKOM PA3GUMUSL NEPUHAMATLHOU NAMOL02UU U COKPAUje-
Huem cpokos eecmayuu. Memoowt. Ilorumopghuvie sapuanmol 2eHo
AHATUZUPOBATIU MEMOOAMU NOTUMEPAHOU YENHOU peaKyuu U noau-
MopusmMa ONuUHbL PECMPUKYUOHHBIX Ppazmenmos y 235 Hoeopodic-
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OeHHbIX ¢ maxcenol nepunamanshoi namonoeueti u 110 kiunuvecku
300p0BbIX OOHOULEHHBIX HOBOPOJICOeH HbIX. Pesynomamut. [1o6bl- wien-
HbLIL PUCK PA36UMUSL MAICENOU NePUHAMATLHOU NAMOL02UU 00YCN06-
nen eenomunamu DD u ID (ACE), 1166AC, 1166CC (AT2R1), 677CT
(MTHFR), 30844 u 308AG (TNF-a), npuuem 015t 20MO3U20m OH No-
umu 6 2 pasa gviute, yem 0151 cemeposueom. Cokpaujenie cpokos 2ec-
mayuu ceszano ¢ cenomunom 677TT (MTHFR), a pesucmenmuocme x
BO3HUKHOBEHUIO 3A001€BANHUL 8 NEPUHAMATLHOM NEPUOOE — C 2CHOMU-
nom I (ACE) u 116644 (AT2RI1), 677CC (MTHFR) u 308GG
(TNF-0,), ocobenno npu ux couemanuu. Bo16o0wst. Bvisisnennvie acco-
yuayuu ceu0emesbCmsyion 0 poau NOTUMOPHHUX 6APUAHINOE 2CHOG
ACE, AT2R1 u TNF-a, MTHFR 6 pazeumuu msajicenoi nepuHamanis-
HOU NAMON02UU U MO2YN ObINb UCHONB308ANL OISl PAHHE20 NPOSHO3U-
Pposanus ee BO3HUKHOBEHUsSL ¢ Nociedyioujell Koppekyuel makmuxu
JledeHus.

Knrouesgvie crosa: nepunamanbhas namonous, nOIUMOPpOuU3M, 2eHbl
ACE, AT2R1, TNF-a, MTHFR

H. I'. I'oposenxo, C. I1. Kup auenko, 3. I. Poccoxa

BuBuenns acoriamnii noximopduux Bapiantis renis ACE (I/D),
AT2RI (A1166C), TNF-o. (G308A), MTHFR (C677T) ta
IXHIX KOMOIHAIIi# 3 pU3UKOM PO3BUTKY HEPHHATAIBHOT MATOJOTIT 1

CKOPOUYEHHSIM TEPMIiHIB recrarfil

Pesrome

Mema. Busuumu acoyiayiro norimopgrux eapianmis cenie ACE (1/D),
AT2R1 (A1166C), TNF-o. (G3084), MTHFR (C677T) ma ixuix xom-
OiHayill 3 pUBUKOM PO3BUMKY NEPUHAMATbHOI NAMON02ii I CKOpOoYeH-
HamM mepminie cecmayii. Memoou. Ilonimopghui eapianmu 2enie ana-
3Y8anU Memooamu noiimMepasHoi 1any2080i peakyii ma noiimop-
Gizmy 0oedxcunu pecmpuryitinux gpacmenmie y 235 HosoHapoOice-
HUX 3 8AJICKOI0 NEPUHAMANbHOIO namonozielo ma 6 110 kuiniuno 300-
Pposux 0oHoweHux Hosonapooxcenux. Pesynomamu. ITiosuwenuil pu-
3UK PO3BUMKY 6ANHCKOI NEPUHAMATbHOT NAmMOo102ii 00yMO8IeHUll 2eHO-
munamu DD i ID (ACE), 1166AC, 1166CC (AT2RI1), 677CT
(MTHFR), 30844 i 3084G (TNF-0), npuyomy Onsi 2omo3ueom GiH
matiice 806iui euwuil, Hiswe 011 2emeposucom. CKOpoueHHs. mepMiHi6
cecmayii nos’sizane 3 eenomunom 677TT (MTHFR), a pe3ucmenm-
HiCMb 00 BUHUKHEHHS 3AX8OPIO6AHL 8 NEPUHAMATILHOMY Nepiodi — 3 2e-
nomunom Il (ACE), 116644 (AT2R1), 677CC (MTHFR) i 308GG
(TNF-0,), ocobnueo npu ixwvomy noeconauui. Bucnoeku. Buseneni
acoyiayii ceiouamsv npo ponv nonimopguux eapianmis cenie ACE,
AT2RI1, TNF-o. i MTHFR y po36umky 6asxckoi nepuHamansHoi namo-
J02IT | MOJICYmMb Oymu GUKOPUCMAHT O PAHHBO2O NPOSHO3YBAHHS IT
BUHUKHEHHS 3 NOOANLUUM KOPUSYBAHHAM MAKMUKU JIIKYEAHHSL.

Kuouosi crnosa: nepunamaivbha namonozis, nONMop@ism, 2enu
ACE, AT2R1, TNF-0, MTHFR.
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