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= Hypothesis/aims of study. The search for early predictors of preeclampsia currently remains relevant. There is still
a need to study maternal factors affecting the development of preeclampsia such as intergenic interactions in a pregnant
woman with single nucleotide polymorphisms (SNPs) in genes associated with hemostasis system and folate cycle, as well
as predictors. The aim of this study was to assess the role of comorbid pathology and gene polymorphism associated with
the hemostasis system and folate cycle in predicting preeclampsia in a pregnant woman.

Study design, materials and methods. We examined 158 pregnant women in two study groups, including
92 women with preeclampsia and 66 healthy subjects. Somatic anamnesis of the patients was studied, with the course
and outcomes of pregnancy analyzed. The carriage of SNPs in genes involved in hemostasis and the folate cycle was
studied once by the method of polymerase chain reaction in real time with amplification of polymorphic loci and
restriction analysis using specific endonucleases. The analysis of intergenic interactions was performed using the
MDR 3.0.2 program.

Results. Seven genes involved in hemostasis and three genes involved in the folate cycle were studied. The highest
entropy of the case-control status for preeclampsia is associated with the locus of coagulation factor F7 10976G>A —
9.49% and that of methylenetetrahydrofolate reductase MTHFR 677C>T (A223V) — 5.35%. The combination of loci
of the tissue plasminogen activator inhibitor-1 gene SERPINEI (PAI-1) and the platelet glycoprotein integrin la-2 gene
ITGA2 (SERPINEI (PAI-1) (5G>4G) + ITGA2 (807C> T)) account for 18.28%, and SERPINEI (PAI1) (5G>4G) + MTHFR
(677C>T) 14.26% of results. A three-locus synergy model SERPINEI (PAI-1) (5G>4G) + MTHER (677C>T) + ITGA2
(807C>T) responsible for the development of preeclampsia was obtained, which has a reproducibility of 10/10 and an
accuracy of predictions of 84.3%.

Conclusion. Our data indicate a high contribution of the ITGA2, SERPINEI (PAI-1), and MTHFR mutations combination
to the prediction of preeclampsia.

= Keywords: intergenic interactions; single nucleotide polymorphism; markers; hemostasis; folate cycle; preeclampsia;
plasminogen activator inhibitor-1 gene; alpha-2 integrin gene; methylenetetrahydrofolate reductase gene.
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= AxmyanvrHocmy. B HacTosAIlee BpeMs 0CTaeTCA aKTya/IbHBIM IIOJICK PAHHUX IIPEAUKTOPOB PasBUTIA IPedKTaMIICHIL.
Bo3Hukaer HeO6XORMMOCTD U3yUeHMsI MATEPUHCKNX (PAKTOPOB, BAMSIOMINX HA PasBIUTHE IIPESKTAMIICUY, — MEXIeH-
HBIX B3aMMOJEVICTBIIL y 6epeMEHHOII C ONHOHYK/IEOTHHBIMY IO/IMMOP(U3MaMII [€HOB, aCCOLMUPOBAHHBIX C CCTEMOIT
reMocTasa 1 (oraTHOrO IMKIIa, a TAKXXe IPEIUKTOPOB ITUX COCTOSHMUIA.

Ifenv — oueHNTH POIH KOMOPOMIHON MATOMIOTMH U TOMMMOP(U3Ma TeHOB, ACCOLMMPOBAHHBIX C CUCTEMOI reMOCTa3a
" GOIATHOTO LUK/IA, B IPOTHO3€ Pa3BUTHS [IPEIKIAMIICUL Y OepeMeHHOIL.

Mamepuanvt u memoowvt uccnedosanust. O6cienoBansl 158 6epeMeHHBIX, pa3fe/IeHHbIX Ha [iBe TPYIIIbL: 92 XeHIIMHbI
C IIpeaKIaMIICHel U 66 YC/IOBHO 30POBBIX NALMEHTOK. Y IAI[MeHTOK U3y4eH COMAaTNYeCKIil aHaMHe3, IPOBefieH aHa/In3
TEYEHMS 1 MCXOLOB bepeMeHHOCTI. MeTOomoM oMmMepasHOI LIeMHOI PeaKiM B peaIbHOM BPEMEHM OJTHOKPATHO MCCITe-
JI0OBaHO HOCUTEIBbCTBO OTHOHYK/ICOTVIHBIX OMMMOP(U3MOB I'€HOB, OTBETCTBEHHBIX 33 CHCTeMY I'eMOCTa3a 1 poIaTHOTO
LMKIa. MeXreHHble B3aMMOMIENICTBIUA NTPOaHaIM3MPOBaHBbI C MICIIONb30BaHKeM mporpammsl MDR 3.0.2.

Pesynvmamuot uccnedoéanus. VI3y4eHo ceMb TeHOB, OTBETCTBEHHBIX 3a CUCTEMY IeMOCTa3a, M TpU TeHa (olaTHO-
ro umKiIa. Pa3purue npeskaaMicuy Hauboee 4acTo, IO JaHHBIM MCCIIEOBAHNUA CIy4ali — KOHTPO/Ib, CBA3aHO C OJHO-
HYK/IEOTUJHBIMY [IOIMMOP(U3MaMIt TeHOB KOaryIsaioHHoro gakropa F7 10976G>A (9,49 %) 1 MeTnieHTeTparuapo-
¢donarpenykrasst MTHFR 677C>T (A223V) (5,35 %). Ha momo xoMOuHanuil OfHOHYK/ICOTUIHBIX IOMUMOP(U3MOB
reHa aHTAaroHMCTAa TKaHEBOro akTuBaropa miasmuHorena SERPINE] (PAI-1) u rena daxkTopa TpoMOOLMTapPHOTO ITIMKO-
nporerHa uHterpuna la-2 ITGA2 (SERPINEI (PAI-1) (5G>4G) + ITGA2 (807C>T)) nmpuxoputcs 18,28 %, a Ha om0
SERPINE] (PAI-1) (5G>4G) + MTHEFR (677C>T) — 14,26 %. Ilony4eHa Tpex/IOKyCHas MOJie/Ib CMHEpTru3Ma pasBUTUA
npesxnamncuu SERPINE] (PAI-1) (5G>4G) + MTHEFR (677C>T) + ITGA2 (807C>T), koTopas XxapakTepu3yeTcsa BOC-
pon3BoOAMMOCTBI0 10/10 ¥ TOYHOCTBIO MIPEACKA3AHMIT PA3BUTHA IpesKmaMIcun 84,3 %.

3axntouenue. IlonydeHHble JaHHBIE CBUICTE/ILCTBYIOT O OOBIIOM 3HAUYEHUV KOMOMHAILUY OHOHYK/ICOTUIHBIX IIO-
ymMopduamoB B reHax ITGA2, SERPINEI (PAI-1), MTHFR nipy ¢popMMpOBaHUN IIPESKTaMIICUIL.

ORIGINAL RESEARCHES / OPUTVIHAJIBHBIE MCCJIEJOBAHIA

* KimiouyeBble c0Ba: Me)XT€HHbIE B3aVMOJIEICTBYST; OFHOHYKICOTUIHBIN HOMMMOP(U3M; TeHbl — MapKepbl CHCTEMBI
reMocTasa 1 (0IaTHOTO LIMK/IA; TPESKTAMIICHST; MHTMOUTOP IUIa3MIHOTeHa | TiIIa, FeH MHTerpuHa anbga-2; F'eH MeTHU/IeH-

TeTparnapodomaTpesyKTaspl.

Background

Preeclampsia remains one of the leading com-
plications of pregnancy and is classified as Great
Obstetrical Syndrome complicating gestation.
Although it affects only 3%-8% of pregnant wo-
men, preeclampsia is a significant contributor
to maternal and infant mortality and affects the
health of both the mother and child [1]. According
to the World Health Organization, every seventh
or eighth maternal death (13%-14%) during gesta-
tion, labor, and postpartum is associated with this
formidable pathology [2].

Although numerous studies are devoted to
searching for important etiological risk factors
for preeclampsia due to its medical and social sig-
nificance, the root cause of this formidable com-
plication of pregnancy was not clarified. Many
scientists believe that most reasons, including
both environmental and genetic factors, only pre-
dispose to the complications of pregnancy, but the
trigger mechanism of preeclampsia remains un-
clear in evidence-based medicine [3, 4].

According to the scientific concept of the
last decade, a combination of two conditions
is required for initiating preeclampsia, that is,
a synergistic effect of maternal factors (genetic,

alimentary, and metabolic) and reduced placental
blood flow [5, 6]. Because of this concept, a direct
correlation between several female diseases and
hypertension risk in pregnant women was con-
tirmed.

Thus, an association between preeclampsia
and urinary tract infection in pregnant women
was identified. In one of the evidence-based stu-
dies of American scientists devoted to monitoring
2607 women with urinary tract infections during
gestation, preeclampsia was recorded four times
more often compared with pregnant women with-
out urinary tract infection (31.1% vs. 7.8%) [7].
When studying the risk factors for the clinical
prediction of preeclampsia, 3176 and 1010 preg-
nant women showed a high correlation between
the above complication with diabetes mellitus,
obesity, arterial hypertension in relatives, and
blood pressure level in a woman herself [8, 9].

Preeclampsia is a highly inherited disease.
However, the clinical significance of a particular
gene, its contribution to preeclampsia, and the
possibility of using this marker as a screening test
were not established [10].

With the exception of identical twins, the
genome of each individual is unique. Gene
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polymorphism is characterized by ethnic and in-
dividual differences in the genome within the
human population [11]. The inheritance of poly-
morphic gene mutations determines the unique-
ness of each individual and the predisposition to
certain multifactorial diseases and complications
of pregnancy [12, 13]. Since the mechanism of
preeclampsia appears to be based on inflamma-
tory processes and endothelial and microcircula-
tory disorders, which are closely associated with
the risk of thrombosis, it is reasonable to search
for risk factors causing hypertension during preg-
nancy in the genomic part responsible for hemo-
stasis [3, 14].

It has been now established that defects in
many human genes can lead to disorders in the
blood coagulation system. Among these, genes
associated with the hemostasis system and folate
cycle and classified as single-nucleotide polymor-
phisms (SNPs) or point mutations are of great
importance. Currently, there are numerous pub-
lications on the contribution of particular SNP
point mutations to multifactorial diseases [15-17].
However, because of the lack of clear mathemati-
cal methods for calculating predisposition to cer-
tain multifactorial diseases depending on gene
polymorphisms, difficulties still remain in the
interpretation of a particular result of genetic
testing. This is particularly true for diseases me-
diated by genes and metabolic and environmental
factors. These include pathology of the cardio-
vascular system and hypertension, in particular,
hypertensive disorders during pregnancy, as well
as preeclampsia [1, 18, 19].

The diagnosis of clinical signs of preeclamp-
sia is usually straightforward, but it is often late.
Therefore, the current search for predictors of
early screening for this complication of pregnancy
currently remains relevant. The investigation of
maternal factors influencing preeclampsia, comor-
bid pathology (to identify risk groups), and gene
polymorphism associated with the hemostasis sys-
tem and folate cycle is necessary to determine the
probability of hypertensive disorders during preg-
nancy.

Aim. The study aimed to assess the role of
comorbid pathology and gene polymorphism as-
sociated with the hemostasis system and folate
cycle in predicting preeclampsia in a pregnant
woman.

51 I
Study design, materials, and methods

We examined 158 pregnant women residing
in the Khanty-Mansi Autonomous Okrug
(KMAO), Yugra, who completed their pregnancy
in 2018-2019 in Surgut Clinical Perinatal Center
(healthcare organization, level 3). Based on the
analysis of pregnancy outcomes, labor, and post-
partum, all those examined were divided into two
groups, including 92 women in the main group
with preeclampsia and 66 healthy patients in the
control group without any complications.

The criteria for inclusion into the main
group were an increase in blood pressure of
>140/90 mmHg and daily proteinuria of >0.3 g/L,
first detected after the week 20 of gestation.

The criteria for noninclusion (exclusion) in the
study were human immunodeficiency virus infec-
tion, pregnancy after the use of assisted reproduc-
tive technologies, and multiple pregnancies.

All patients were tested once before comple-
tion of pregnancy for the carriage of SNPs in
genes involved in hemostasis and the folate cycle
by the method of polymerase chain reaction in
real time using a DT-96 detecting amplifier and
commercial sets of CardioGenetics Thrombophilia
and Genetics of Folate Metabolism produced by
DNA-Technologies (Russia). The SNPs in the
following genes associated with the hemostasis
system and folate cycle were determined in the exa-
mined women: F5: 1691G>A (Leiden mutation);
F7: 10976G>A; F13A1: 103G>T; FGB: -455G>A,
ITGA2: 807C>T; ITGB3: 1565T>C; SERPINEI
(PAI1): -675_5G>4G; MTHFR: 677C>T;
1298A>C; MTR: 2756 A>G; MTRR: 66A>G.

The difference in allele frequency between
groups was assessed using the Fisher’s angu-
lar transformation criterion (¢). The values of
p <0.05 were considered statistically significant.
The odds ratio (OR) with 95% confidence inter-
val (CI) was used to determine the association
of preeclampsia with gene alleles involved in he-
mostasis and the folate cycle. The sensitivity (Se),
specificity (Sp), predictive value positive (PVP),
predictive value negative (PVN), and diagnos-
tic efficiency (DE) of common somatic factors
were determined to search for predictors of pre-
eclampsia.

Intergenic interactions were analyzed by multi-
factor dimensionality reduction (MDR) using the
MDR 3.0.2 open source program.
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Table 1/ Tabnauya 1

Somatic diseases in women with preeclampsia who are carriers of single nucleotide polymorphisms in genes involved

in hemostasis and the folate cycle, absolute values (%)

AHann3 comaTnyeckux 3a6oneBaHUi y KeHLKUH C NpeaKNamncueii, HocuTenei OAHOHYKNEOTUAHOro nonumopdusma

reHoB CMCTembl remocTasa u ¢ponaTtHoro umkna, abe. sHau. (%)

Groups/somatic diseases/statistics Cont’:o=l ggoup, T @ wome: =w;t2h BT R,
Arterial hypertension 0 50 (54.3%)
Se 54.3; 100%
PVP 100; 51.2%
DE 36.8%
Q;p 10.3; <0.01*
OR, 95% CI 24.90 (1.6-392.0)*
Renal disorders 3 (4.5%) 30 (32.6%)
Se 32.6; 95.5%
PVP 93.7; 40.4%
DE 52.9%
©; p 4.8;<0.01*
OR, 95% ClI 10.16 (2.95-35.02)*
Moderate-severe anemia 0 26 (28.3%)
Se 28.3; 100%
PVP 100; 40%
DE 51.5%
©;p 6.9; <0.01*
OR, 95% ClI 13.21 (0.82-212.62)*
Gestational diabetes mellitus 3 (4.5%) 24 (26.1%)
Se 26.1;95.5%
PV 92.3;38.2%
DE 48.5%
o;p 3.98; <0.01*
OR, 95% ClI 7.41(2.13-25.82)*
Hepatic disorders 6(9.1%) 6 (6.5%)
Se 6.5; 90.9%
PVP 60.0; 31.8%
DE 33.8%
©; p 0.60; >0.05
OR, 95% CI 0.70 (0.22-2.27)
Thyroid disorders 6(9.1%) 12 (13.0%)
Se 13.0; 90.9%
PVP 75.0; 33.3%
DE 38.2%
@ p 0.78; >0.05
OR, 95% ClI 1.50 (0.53-4.23)
Obesity 9 (13.6%) 24 (26.1%)
Se 26.1; 86.4%
PVP 80.0; 35.9%
DE 45.5%
©;p 1.96; >0.05
OR, 95% ClI 2.23 (0.96-5.19)

Note: *The significance of differences is between the preeclampsia patient group and control group. Se, sensitivity;
Sp, specificity; PVP, prognostic value positive; PVN, prognostic value negative; DE, diagnostic efficiency; ¢, the Fisher’s
angular transformation criterion; OR, odds ratio; CI, confidence interval.
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.

The study was conducted in accordance with
the ethical standards set out in the Declaration of
Helsinki and the EU Directives (8/609EC), with
voluntary informed consent of the patients to par-
ticipate in the complex study and approval provi-
ded by the local ethics committee.

Results

Age, menarche onset, and residence period in
the KMAO did not have statistically significant
differences in the study groups. The anamnesis of
pregnant women with preeclampsia was found to
contain a high percentage of patients with arte-
rial hypertension (54.3%), urinary tract infec-
tion (32.6%), moderate-severe anemia (28.6%),
gestational diabetes mellitus (26.1%), and obe-
sity (26.1%). Although the above cases revealed
low Se (36.8%) and predictive value (52.9%) of
the diseases for the interpretation of possible
preeclampsia in a true pregnancy, but with high
Sp (51.5%) and PVP (48.5%), the DE of these
signs of preeclampsia was insufficient (Table 1).

Table 2 / Tabauya 2

In 69.7% (¢p=84; p<00l; OR=3570;
95% CI [2.3-556.3]) of patients in the main group,
the clinical signs of preeclampsia were preceded
by hemodynamic disorders in the uterine and
fetal blood flow (hemodynamic disorders of de-
grees IA, IB, and II). This pathology was not
found in the control group.

When analyzing the data of the genetic study,
a combined carriage of SNPs in genes involved in
hemostasis and the folate cycle was found in all
patients (100%) of the main and control groups.
We identified an association of SNP-675_5G>4G
of the plasminogen activator inhibitor [SERPINE1
(PAII)] and 66A>G of the methionine synthase
reductase (MTRR) gene with preeclampsia. Their
frequency in the study group was 78.3% and 82.6%
compared with 54.5% and 50.0% in the control
group (p < 0.01). The 4G allele of the SERIPNEI
(PAIl1) gene leads to impaired plasminogen pro-
duction, whereas the G allele of the MTRR gene
may phenotypically manifest as hyperhomo-
cysteinemia and thrombotic disorders (Table 2).

Frequency of polymorphisms in genes involved in hemostasis and the folate cycle in women with preeclampsia

and in healthy pregnant women, absolute values (%)

Yacrota nonMmop¢$usmoB reHoB — MaAPKEPOB CUCTEMbI reMocTa3a U GpONaTHOrO LMKNA Y KEHLMH C npeaunamncueﬁ

M YCNOBHO 34,0p0BbIX 6epemeHHbIX, abc. 3Hau. (%)

Control group,

Group of women

Groups/genes/alleles n = 66 (%) with pieeclampsia, @; p OR, 95% CI
n =92 (%)

F5: 1691G>A (Leiden mutation)
G/G 66 (100%) 91 (98.9%) 1.29; 2.44 (0.12-48.91)
G/A 0 1(1.1%) p>0.05
A/A 0
F7:10976 G > A
G/G 59 (89.4%) 80 (86.9%) 1.22; 1.50 (0.58-3.86)
G/A 7 (10.6%) 10 (10.9%) p>0.05
A/A 0 2 (2.2%)
F13A1:103G > T
G/G 46 (69.7%) 60 (65.2%) 0.59; 1.23(0.63-2.42)
G/T 16 (24.2%) 24 (26.1%) p>0.05
T 4 (6.01%) 8 (8.7%)
FGB: —455G > A
G/G 30 (45.5%) 54 (58.7%) 0.52; 1.10 (0.58-2.01)
G/A 27 (41.0%) 30 (32.6%) p>0.05
A/A 9 (13.6%) 8 (8.7%)
SERPINE1 (PAI1): —675_5G > 4G
5G/5G 30 (45.5%) 20 (21.7%) 5.00; 2.58 (1.28-5.20)
5G/4G 20 (30.3%) 38 (41.3%) p<0.01
4G/4G 16 (24.2%) 34 (37.0%)
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Control group,

End of table 2 / OkoH4yaHue mabn. 2

Group of women

Groups/genes/alleles n = 66 (%) withnp;e;;I?%psia, @ p OR, 95% CI
ITGA2: 807C > T
c/c 36 (54.6%) 44 (47.8%) 0.83; 1.31(0.69-2.47)
/T 15 (22.7%) 34 (37.0%) p>0.05
T 15 (22.7%) 14 (15.2%)
ITGB3: 1565T > C
T 54 (81.8%) 66 (71.7%) 1.48; 1.77 (0.82-3.84)
7/C 12 (18.2%) 24 (26.1%) e
c/c 0 2 (2.2%)
MTHFR: 677C > T
c/c 36 (54.5%) 54 (58.7%) 0.52; 0.84 (0.45-1.60)
/T 24 (36.4%) 34 (37.0%) A0S
/T 6 (9.1%) 4 (4.3%)
MTHFR: 1298A > C
A/A 34 (51.5%) 56 (60.9%) 155 0.68 (0.36-1.29)
A/C 25 (37.9%) 26 (28.2%) p>0.05
c/c 7 (10.6%) 10 (10.9%)
MTRR: 66A > G
A/A 33 (50.0%) 16 (17.4%) 4.04; 4.75 (2.30-9.79)
A/G 24 (36.4%) 46 (50.0%) p<0.01
G/G 9 (13.6%) 30 (32.6%)
MTR: 2756A > G
A/A 36 (54.5%) 58 (63.1%) 1.07; 0.70 (0.37-1.34)
A/G 24 (36.4%) 32 (34.7%) e
G/G 6(9.1%) 2 (2.2%)

N o te: ¢, the Fisher’s angular transformation criterion; OR, odds ratio; CI, confidence interval.

No statistically significant differences were
found between the groups in the frequency of car-
riage of SNPs in other genes involved in the he-
mostasis system and folate cycle. The development
of preeclampsia is affected by intergenic interac-
tions. Therefore, combinations of different loci
should be studied. Thus, we simulated the effect
of intergenic interactions of various SNPs in genes
involved in hemostasis and the folate cycle on pre-
eclampsia using the MDR method. The highest
entropy of the case-control status for preeclamp-
sia is associated with the locus of coagulation
factor F7 10976G>A—9.49% and that of methy-
lenetetrahydrofolate reductase MTHFR 677C>T
(A223V) — 5.35%. Simultaneously, the inter-
genic interaction of these loci was weak (1.55%).
The combination of SNPs of the SERIPNEI
(PAIl): -675_5G>4G + ITGA2: 807C>T account
for 18.28% and PAIl: -675_5G>4G + MTHEFR:

677C>T for 14.26% of results (Figure 1). The gly-
coprotein A2 integrin, which is a subunit of the
platelet collagen receptor, von Willebrand factor,
and other coagulation factors, is present in this lo-
cus combination and increases the rate of platelet
adhesion to type 1 collagen and the risk of throm-
bosis, stroke, and myocardial infarction.

We also generated a three-locus synergy mo-
del SERIPNEI (PAIl): -675_5G>4G + MTHFR:
677C>T + ITGA2: 807C>T responsible for deve-
loping preeclampsia, which has a reproducibility
of 10/10, prediction accuracy of 84.3%, and Sp of
97.2%, X* = 11.05 (p = 0.0009).

For the control group, a two-locus synergy
model ITGA2: 807C>T + MTHFR: 1298AC was
obtained with a reproducibility of 9/10, prediction
accuracy of 74.1%, Se of 66.7%, and Sp of 83.3%,
X?=5.0451 (p=0.0247). The highest entropy
was found in associations of polymorphisms
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ITGA2-CT + MTHEFR: 1298AC — 7.28% and
PAI1-5G5G + ITGB-3TT — 4.43% (Figure 2),
which may indicate a protective effect of the com-
bination of these polymorphisms against pre-
eclampsia. For clarification, the second version of
locus model contains the glycoprotein A3 integ-
rin, which is also associated with an increased risk
of thrombosis leading to cardiovascular pathology
and early termination of pregnancy due to throm-
botic lesions of the placenta.

At the same time, it should be noted that,
according to the literature, the greatest contribu-
tion to the impaired blood flow to the placenta
and the placental disorders in the decompensa-
tion stage is also made by mutations/SNPs —
MTHEFR: 677C>T — 100% and SERIPNE1 (PAI1):
675_5G>4G — 87% contributing to the develop-
ment of preeclampsia in equal proportions of
both homozygous and heterozygous forms [20].
However, we did not study the contribution of
SNP point mutations — ITGA2: 807C>T and the
combined effect of the above genes as predictors
of the placental disorders.

Discussion of the results

The relevance and complexity of studying the
genetic architecture of preeclampsia as a multi-
factorial disease are beyond doubt. Today, there
are approximately 30 theories of the onset of
preeclampsia, in which the genetic determi-
nants of disease development are of great impor-
tance [21].

Congenital and acquired thrombophilia con-
tribute to preeclampsia as a severe pregnancy
complication. The activity of SERIPNEI (PAIl)
increases from physiological preparation to ovum
implantation, but the endothelial damage can lead
to hemostasis disorders and thrombosis. The as-
sociation between SNPs in MTHFR genes and
thrombotic disorders during pregnancy was de-
scribed [3, 20].

According to the latest scientific data, pre-
eclampsia is associated with impaired placen-
tation, incomplete transformation into spiral
arteries, impaired vascular remodeling, and en-
dothelial dysfunction development [3, 5]. Here,
maternal factors in preeclampsia and placen-
tal disorders are a potentiating background for
pregnancy pathology. Several studies have re-
ported that endocrine, metabolic, genetic, and

MTHFR: 1298 AC

. s VI THER: 677 CT
' e 5.35%
8\28 1.35% 2.81% 2
FGB: 455 GA
| 0.64% 1.55%
1TGA2: 807 CT
0.12%
F7: 10976 GA
9.49%

2.28%
[E¥M Intergenic interactions of polymorphic loci of
genes involved in hemostasis system and the folate cycle
in preeclampsia. Strong synergy (light gray), moderate sy-
nergy (dark gray), additive interaction (black); interaction
strength and direction is expressed in entropy, %

Puc. 1. MexXreHHble B3aMMOJEVICTBUA IONMMOPQHBIX
JIOKYCOB pAJia TEHOB CHCTEMBbI TeMOCTasa U (OIATHOTO
IUK/Ia Ha (OHe IPEsKIAMIICHI: CBET/IO-CephIll IIBeT —
BBIPDA)KEHHBINI CUHEPIU3M; TEMHO-CEPbIl — yMepPEHHBII
CUHEPIU3M; YEPHbII — aJJUTUBHOE B3aUMOJENCTBIE;
CUlIa U HaIpPaBIE€HHOCTb B3aMMOJENCTBUA BbIPaXKEHbI

B IIPOLIEHTAaX
MTHFR: 1298 AC
7.97%

2

ITGA2: 807 CT
2.63%

MTHFR: 677 CT
7.21%

2.32%

1 \
-0.94% -0.94%

-0.94%

PAI-1: —675 5G4G ),
0.94%

MW Intergenic interactions of polymorphic loci of
genes involved in hemostasis system and the folate cycle
in healthy patients. Strong synergy (light gray), moderate
synergy (dark gray), additive interaction (black); interac-
tion strength and direction is expressed in entropy, %

0.90%

ITGA3: 1565 TT
0.94%

Puc.2. MexreHHble B3aVMOJENCTBYUA HOMMMOPQHBIX
JIOKYCOB psfia TEHOB CHCTEMBI TeMOCTasa U (OIATHOTO
IVKJIA Y YCIOBHO 3[OPOBBIX HMAallMEHTOK: CBET/IO-Cephlit
IIBeT — BBIPAKEHHDIJI CMHEPIU3M; TeMHO-CepBIil — yMe-
PEHHBIN CMHePTU3M; YepHbIll — afIUTIBHOE B3auMOfell-
CTBMe; CMJ/Ia VI HAIIPaB/IeHHOCTb B3aMMOJIe/ICTBMA BbIpa-
JKEHBI B TIPOLIeHTax

alimentary disorders are among the most sig-
nificant factors preceding the onset of pre-
eclampsia [3, 14, 20]. Since the above disorders/
diseases, as well as preeclampsia, are caused by
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inflammation, endothelial dysfunction, microcir-
culatory disorders, and defects in the hemostasis
system and endothelial cells, this association be-
comes obvious.

Our study confirmed that somatic diseases
such as arterial hypertension (54.3%), renal in-
fection (32.6%), anemia (28.3%), gestational dia-
betes mellitus (26.1%), and obesity (26.1%) were
common in women with preeclampsia in the de-
scending order of frequency. At the same time,
the pregnancy was complicated by impaired
uterine and fetal blood flow (69.7%), that is, pla-
cental disorders. However, the DE of comorbid
pathology (arterial hypertension, renal disease,
anemia, and gestational diabetes mellitus) in pre-
dicting preeclampsia was characterized by low Se
(up to 54.3%) and high Sp (up to 100%), and the
predictive value was approximately 50% or less for
the above diseases.

When analyzing the data of the genetic study
for the carriage of genes associated with the he-
mostasis system and folate cycle, the following
SNPs were detected with high frequency in
the development of preeclampsia: 675_5G>4G
of the plasminogen activator inhibitor gene
SERPINE1 (PAI1) — 78.3% and 66A>G of the
MTRR gene — 82.6%. The combinations of PAII
SNPs in genes are also common: -675_5G>4G +
ITGA2: 807C>T, PAIl: -675_5G>4G + MTHFR:
677C>T, SERIPNEI (PAIl): -675_5G>4G +
MTHFR: 677C>T + ITGA2: 807C>T. Probably,
the combined carriage of SNPs in genes associ-
ated with the hemostasis system and folate cycle
and responsible for the impairment of the plas-
minogen activator synthesis, endothelium state,
and increased platelet aggregation activation serve
as a trigger factor leading to vascular endothelial
wall damage, microcirculatory disorders, throm-
bus formation in the intervillous and vascular
space, and impaired trophoblast invasion.

This genotype can be qualified for an early
predictor of preeclampsia and, possibly, placen-
tal insufficiency. At the same time, all the above
genes are considered to be factors with a moderate
risk of thrombosis [14].

Conclusion

Assessment of the contribution of comor-
bid pathology to the development of preeclamp-
sia cannot serve as a method for predicting

hypertensive disorders because of low Se and high
Sp of clinical signs.

The study of SNPs in genes associated with the
hemostasis system and folate cycle [SERIPNEI
(PAI1), ITGA2, and MTHFR] using a three-locus
model can be performed as a screening test for
predicting preeclampsia from early pregnancy,
since the results obtained indicate a high contri-
bution of SNPs combination in these genes to the
formation of preeclampsia.

Since the mechanisms of preeclampsia and car-
diovascular pathology are similar, there is a need
to further investigate the gene polymorphisms
of the renin-angiotensin and kinin-bradykinin
systems as well as the combinations of the above
SNPs in genes as possible predictors of placen-
tal disorders. This will allow the development of
a multicomponent screening model for predicting
not only preeclampsia but also other pregnancy
complications.

The use of the results obtained can be recom-
mended for the prevention of severe forms of
placental disorders and preeclampsia during the
preconception period after additional studies.
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