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AxkmyaneHocmes. HapylieHna cucTeMbl reMocTasa 3aHUMAIoT 0fIHO M3 BedyLUMX MECT B CTPYKTYpe MpuumH becnnogus,
HeBbIHALLIMBaHMA BepeMeHHOCTM, acCOLIMMPOBaHbI C PENPOAYKTUBHBIMU NOTEPAMM M ABNAIOTCA 3HAYMMBIM 3BEHOM B NaTo-
reHese niaLeHTa-accoLMMpOoBaHHbIX 0CNOKHEHWI bepeMeHHOCTH. MoTpebneHne TPOMBOLMTOB M GaKTOPOB CBEPTLIBAHMA
KPOBU MOrYT BbITb CNIEACTBUEM F€HETUYECKON TPOMBOGUIMM M NPUYMHON Pa3BUTUA HEBNArONPUATHBIX KITMHUYECKUX UC-
X0A0B 6epeMeHHOCTW. HeHLLMHBI C BPOMKOEHHOW W NpuobpeTeHHoW TpoMbodmnme COCTaBAAIOT rpynny BLICOKOr0 pUCKa
Mo pasBUTUI0 KaK TPOMOOTUYECKMX, TaK U MeCTALMOHHBIX OCIIOKHEHUI 6EPEMEHHOCTY.

Llenb — oLEHMTB YacTOTy BCTPEYAEMOCTM FEHETUUECKMX MApKepoB TPOMBOGMANM Y bepeMeHHBIX C TPOMOOLUTONEHM-
€M, onpeaenuTb PUCK PasBMTUA aKyLLEPCKMX OCNIOMHEHWI B 3aBUCMMOCTH OT XapaKTepa nofMMop¢r3mMoB reHoB Tpombo-
Gunmm y 06cnejoBaHHbIX HEHLUMH.

Mamepuanel u Memode! uccnedosaHus. [poBefeHO MHOMOLEHTPOBOE NPOCMEKTUBHOE UCCIef0BaHUE C BRIIOYEHWNEM
299 eHwmH B Il TpuMecTpe 6epeMeHHocTU. BoigeneHo ase rpynnbl. OcHoBHY0 rpynny (n = 249) cocTaBUnM NaumeHTKu
C TpoMboLuTONEHNEN, KOHTPOMbHYIO rpynny (1 = 50) — ¥eHLLMHBI ¢ HOPManbHBIMU NOKa3aTeIAMKU TPOMOOLMTOB NpU Pu-
3M0MOTMYECKM NpOTEKaloLLen bepeMeHHOCTU. BceM MeHLMHaM NpoBeAeHo NMOJIHOE KAMHMKO-aHaMHEeCTUYecKoe U nabo-
paTopHoe 0bcnefoBaHue. MonekynApHO-reHeTUYECKOEe UCCef0BaHNE KPOBU C LieMbI0 BbIABNIEHMA NONMMOPGU3MOB FeHoB
TPOMbOGUIMM OCYLLECTBAANM C NOMOLLbI0 61ouMNa, paspaboTaHHoro nabopaTopuelt NpeHaTanbHOM AUArHOCTUKW BPOXK-
AEHHbIX 1 HacnencTBeHHbIX 6onesHe OFBHY «HUW ATuP um. [1.0. Otta» coeMecTHo ¢ OTBYH «MHCTUTYT MonekynsapHon
6uonorum um. B.A. 3Hrenbrapara» PAH.

Pe3ynomameoi uccnedosarus. [JaHHble CpaBHUTENBHOTO aHanM3a reHeTUYECKUX MapKepoB TPOMBoGUAMK CBUAETENb-
CTBYIOT 0 TOM, YTO YacToTa BCTPEYAEMOCTM MyTaLMM reHoB TpoMbouuTapHbIX pelentopos GPla y bepeMeHHbIX ¢ TpoMbouu-
TOMEHMEN CTAaTUCTMYECKM 3HAYMMO MPEBbILLIANa TaKoBYH Yy 6epeMeHHbIX C HOPManbHLIM YPOBHEM TPOMOOLMTOB U PU3NO0-
NIOrMYeckn npoTekalowwen bepeMeHHocTbio (42,5 n 14,7 %; p =0,003). YactoTa BCTpeyaeMocTv nosMMOpdU3MOB FeHOB,
OTBEYaloLLMX 33 HapyLueHuA B cucTeMe GpubpuHonmusa (PAI-1, FGB), Take 3Ha4MMO NpeBbilana 3Ha4eHUA B KOHTPOJTbHOM
rpynne (76,4 % v 47,0; 45,7 n 23,5 % cooTeTcTBeHHO; p = 0,001 n p = 0,030).

3aknoyeHue. Bbicokan YacToTa BCTpEYaeMOCTH NONMMOP¢GU3MOB reHOB TPOMBOLIMTAPHbIX PELIENTOPOB U MEHOB, OTBE-
YaloLLMX 33 HapYLIEHWA B cUCTEME (pMOPUHONK3E Y BEPEMEHHBIX C TPOMBOLIMTONEHWUEN, MOMKET CIYXKUTb NMPUYMHON runep-
arperauuu TpoMbouWTOB, rMNepKoaryfAaLuMM M BbICTYNaTb 3HAYMMbIM (aKTOPOM pUCKa PasBMTMA MaLeHTa-accouum-
POBaHHbIX OCNOMHEHWUI Npu bepeMeHHOCTU. MHoroobpasve BapuaHTOB reHeTUYeckux OeeKToB, cnocobHbIX NpUBECTU
K HebnaronpuATHOMY KNMHWMYECKOMY Ucxody b6epeMeHHOCTH, onpedensaeT HeobxoaUMOCTb UX AaNbHEWLLEr0 UCCNeJ0BaHNA.
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HYPOTHESIS/AIMS OF STUDY: Disorders of the hemostatic system continue to occupy one of the leading places in the
structure of the causes of infertility and miscarriage. While being associated with reproductive losses, hemostatic disorders
are a significant link in the pathogenesis of placenta-associated pregnancy complications. The consumption of platelets and
blood clotting factors can be a consequence of inherited thrombopbhilia and the cause of adverse clinical outcomes of pregnan-
cy. Women with congenital and acquired thrombophilia are at high risk of developing both thrombotic and gestational com-
plications of pregnancy. The aim of this study was to assess the frequency of genetic markers of thrombophilia in pregnant
women with thrombocytopenia and to determine the risk of developing obstetric complications depending on thrombophilia
gene polymorphisms in the examined women.

STUDY DESIGN, MATERIALS AND METHODS: This multicenter prospective study involved 299 pregnant women in the
third trimester of pregnancy. Two groups of patients were included in the study: the main group (n = 249) consisted of in-
dividuals with thrombocytopenia, whereas the control group (n = 50) comprised women with normal platelet counts during
physiological pregnancy. All patients underwent a complete clinical, anamnestic and laboratory examination. To identify
thrombophilia gene polymorphisms, molecular genetic blood testing was conducted using a biochip developed jointly in the
Laboratory of Prenatal Diagnostics of Congenital and Hereditary Diseases, the Research Institute of Obstetrics, Gynecology,
and Reproductology named after D.0. Ott, Saint Petersburg, Russia and the V.A. Engelhardt Institute of Molecular Biology,
Moscow, Russia.

RESULTS: The data obtained from a comparative analysis of genetic markers of thrombophilia indicate that the incidence
of mutations in the GPla platelet receptor gene in pregnant women with thrombocytopenia was significantly higher than that
in pregnant women with normal platelet counts and physiological pregnancy (42.5% vs. 14.7%; p = 0.003). The frequency of
polymorphisms in genes responsible for disorders in the fibrinolytic system (PAI-1, FGB) was also significantly higher than
that in the control group (76.4% vs. 47.0%, p = 0.001; 45.7% vs. 23.5%, p = 0.030, respectively).

CONCLUSION: The revealed high frequency of polymorphisms in the platelet receptor genes and genes responsible for
disorders of fibrinolysis system in pregnant women with thrombocytopenia may cause platelet hyperaggregation and hy-
percoagulation, while being a significant risk factor for placenta-associated complications during pregnancy. The variety of
genetic defects that may lead to an unfavorable clinical outcome of pregnancy dictates the need for further study.

Keywords: inherited thrombophilia; thrombocytopenia; platelet hyperaggregation; hypercoagulation; placenta-associated
complications.
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INTRODUCTION

Thrombocytopenia is one of the most common cytopenic
syndromes that complicate the course of pregnancy [1-3].
The main reasons for the decrease in platelet count are
increased consumption, destruction, sequestration, or
insufficient production of such cells. The most common
causes of platelet reduction during pregnancy are
associated with the increased platelet consumption
resulting from the activation of intravascular blood
clotting and in other cases, with background pathology
and undiagnosed diseases. In clinical practice, a number
of thrombotic microangiopathies are isolated, causing the
increase in platelet intake and coagulation factors, which
include preeclampsia, eclampsia, and hemolysis, elevated
liver enzymes and low platelet count HELLP-syndrome
(hemolysis, elevated liver enzymes and low platelet count).
The consumption of platelets and clotting factors may
also be due to genetic thrombophilia and the circulation
of antiphospholipid antibodies. The general population
presents a high frequency of genetic and acquired
thrombopbhilia, which according to modern data, reaches
15%-20% [4—6]. Physiological changes in the hemostasis
system, predisposing hypercoagulation, contribute to the
manifestation of congenital and acquired thrombophilia
during pregnancy. The thrombophilia patients are a high-
risk group for the development of thrombotic and placenta-
associated complications, such as the threat of pregnancy
termination, fetal loss syndrome, preeclampsia, and
the development of placental insufficiency, and have
an increased risk of developing premature detachment
of the normally located placenta [7-11]. Congenital
and acquired defects of the hemostasis system lead to
hyperagregulation and hypercoagulation during pregnancy,
disruption of implantation and placental processes, fibrin
deposition, and immune complexes on the membrane
of syncytiotrophoblast. The cascade of these reactions
causes the development of placental insufficiency with
fetal growth retention syndrome and fetal hypoxia and is
a risk factor for fetal antenatal death [12-14]. In addition
to the genetic forms of thrombophilia studied, special
attention has been paid to the associative association of
gestational complications with the various combinations
of polymorphisms of thrombophilia genes [7, 15].
The probability of developing thrombotic and placenta-
associated complications increases in patients with
numerous genetic defects, comorbid somatic diseases, and
history of reproductive losses [16].

This study aimed to assess the frequency of genetic
markers of thrombophilia in pregnant women with
thrombocytopenia and the risk of obstetric complications
depending on the nature of polymorphisms of thrombophilia
genes.
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MATERIALS AND METHODS

Between 2013 and 2018, a prospective study was con-
ducted at the Research Institute of Obstetrics, Gynecology,
and Reproductology named after D.0. Ott, Saint Petersburg,
Russia and Snegirev Maternity, hospital number 6, Saint
Petersburg, Russia. The study included 299 women in the
third trimester of pregnancy. Two groups were singled out.
The main group (n = 249) consisted of patients with throm-
bocytopenia (platelet level <150 - 10°/1), and the control
group (n=50) comprised women with normal platelets in
physiologically proceeding pregnancy. All women under-
went a full clinical and laboratory examination. To detect
the polymorphisms of thrombophilia genes, we performed
a molecular genetic study of blood in the Laboratory of
Prenatal Diagnosis of Congenital and Hereditary diseases
of the Research Institute of Obstetrics, Gynecology, and Re-
productology named after D.0. Ott, Saint Petersburg, Russia.
The study was carried out with the help of a biochip devel-
oped by the Laboratory of Prenatal Diagnosis of Congenital
and Hereditary Diseases in cooperation with V.A. Engelhardt
Institute of Molecular Biology, Moscow, Russia. At the heart
of the principle of working all types of biochips with immo-
bilized DNA is the exact correspondence between direct and
complementary DNA in accordance with the rule of Wat-
son—Crick: A<->T and C<->G. The fluorescent signal from
microchip cells was recorded using a wide-field fluorescent
microscope equipped with a charge-coupled camera device
and Imageware (Biochip, V.A. Engelhardt Institute of Mo-
lecular Biology, Russia).

The criteria for inclusion into the main group were
age 20-40 years and thrombocytopenia (platelet count
less than 150 - 10°/1) in the third trimester of pregnancy
[29 (28; 30) weeks of gestation].

The criteria for exclusion from the study group
were immune thrombocytopenia (idiopathic thrombocytope-
nic purpura), congenital thrombocytopenia, hereditary and
acquired coagulopathy, systemic autoimmune diseases,
type 1 diabetes with generalized complications, and throm-
bocytopenia (platelet count less than 50 - 10%/1).

The criteria for inclusion into the control group
were normal platelet rates and uncomplicated pregnancy in
the third trimester.

The criteria for exclusion from the control group
were obstetric complications in the third trimester of
pregnancy, such as preeclampsia, placental insufficiency,
and somatic chronic diseases.

Statistical analysis was performed with Microsoft Ex-
cel 2010 and IBM SPSS Statistics 23 software. The descrip-
tion of quantitative data is presented in the form of medi-
an (Me) and quartiles (@, and @;) in the format Me (Q;; @,).
The Shapiro-Wilk criterion was used to test the hypothesis
about the normality of distribution. The U-criterion of
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Mann-Whitney test was used to detect differences between
samples.

For qualitative indicators, the absolute and relative values
of the percentage indicated and statistical hypotheses about
the coincidence of observed and expected frequencies were
tested using Fischer's exact criterion. For binary traits, the
odds ratio (OR) and 95% confidence interval (95% Cl) were
calculated. The critical level of difference significance (p)
was defined as p < 0.05.

RESULTS

The average age of the patients in the main group
was 31.1 (27.8; 35.0) years, and the control age was
30.7 (28.0; 34.8) years. The groups were comparable in age
(p = 0.68). The median of thrombocytopenia registration in
the main group was 23.1 (22.5; 29.0) in a week. The period
of inclusion in the study in the groups did not differ
and amounted to 28.8 (28.0; 30.0) in a week in the main
group and 29.4 (28.5; 30.0) in the control group (p = 0.15).
A pregnancy without the use of assisted reproductive
technologies occurred in 225 (90.3%) women in the main
group and 45 (90%) in the control group (p=1). Table 1
presents the comparative characteristics of reproductive
loss in history.

The comparative analysis of data of reproductive losses
in history (Table 1) showed that the incidence of preterm
birth was significantly higher in the group of pregnant
women with thrombocytopenia compared with that of
women with physiologically occurring pregnancies, in
which such cases were absent (6.4% and 0%, respectively;
p =0.05). Cases of antenatal and intranatal fetal death in
history were noted in the group of pregnant women with
thrombocytopenia. Despite the insignificant statistics, no
such cases were recorded in the group of pregnant women
with physiologically occurring pregnancies and normal
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platelet levels. No statistically significant differences were
observed in other pregnancy outcomes in history between
the groups surveyed.

During pregnancy, the following hemostatic reactions
developed: increased coagulation potential of the blood,
suppressed fibrinolysis, reduced content and activity of na-
tural blood anticoagulants, and increased functional activity
of platelets. In the presence of congenital thrombaophilia,
these processes contribute to the emergence of serious
vascular disorders, promoting the violation of uterine—pla-
cental blood flow and the development of chronic placental
insufficiency. Thus, pregnancy is a kind of test for hidden
thrombophilia, in which the disease manifests in the form
of typical gestational complications. Table 2 presents the
comparative characteristics of the genetic profiles of the
women surveyed.

From Table 2, in pregnancy with thrombocytopenia,
the frequency of mutations of Gpla receptor gene, Gpla,
was significantly higher than that in the control group
(42.5% and 14.7%, respectively; p = 0.003). The incidence
of polymorphisms of genes responsible for violations in
the fibrinolysis system (PAI-1 and FGB) also significantly
exceeded the values in the control group (76.4% and 47%;
45.7% and 23.5%, respectively, p=0.001 and p =0.03).
The frequency of other polymorphisms did not reveal
reliable differences between groups of pregnant women
with thrombocytopenia and the control group. Clinical
manifestations in the presence of genetic thrombophilia
against the background of pregnancy are diverse. Table
3 presents the comparative characteristics of gestational
complications in the women surveyed.

As shown in Table 3, the incidence of pregnancy edicts
in the main group was significantly higher than that in the
control group (66.3% and 14%; p <0.001). When com-
paring the data obtained, proteinuria in pregnant women
with thrombocytopenia was likely to determine the values

Table 1. Distribution of surveyed pregnant women on the frequency of reproductive losses in history

Su:,di gz;uP' Contll;o=l gaoup, Statistical analysis
Characteristic —
n % n w% | PFishersexact | gp | g5y g
criterion
Non-developing pregnancy 64 25.7 8 16 0.20 1.82  0.81-4.07
Spontaneous miscarriage 32 12.9 4 8 0.48 1.70  0.57-5.03
Birth 114 45.8 24 48 0.88 0.91  0.50-1.68
Artificial abortion 47 18.9 4 8 0.07 2.68 0.92-7.80
Preterm birth 16 6.4 0 0 0.05 7.14  0.42-120.8
Antenatal fetal death in history 9 3.6 0 0 0.37 3.99  0.23-69.66
Intranatal fetal death in history 2 0.8 0 0 1.00 1.02  0.05-21.57

Note. p < 0.05: statistically significant differences between groups. OR: odds ratio; Cl: confidence interval.

DBOI: https://doi.org/10.17816/J0WD50177



OPUTMHATTBHOE VICCIELOBAHME

Tom 70, N2 1, 2021

HypHan aryLIepCTBa 1 reHCKMX bonesHel

Table 2. Frequency of detection of mutations in thrombophilia genes in pregnant women with thrombocytopenia and the control group

Pregnant women
with thrombocytopenia

Control group

Statistical analysis

Polymorphism

n (127) % n (34) % p. Flsher s exact OR 95% Cl
F V Leiden 8 63 1 29 0.67 222 027-18.38
F Il Protrombin 3 236 0 0 1.00 194 0.10-38.46
MTHFR 71 55.9 14 41.2 0.18 181 0.84-3.90
PAI-T 97 76.4 16 47 0.001 364 1.65-8.00
FGB 58 45.7 8 235 0.03 273 1.65-6.49
GPllla 40 315 9 264 0.68 128 055-2.98
PLAT 21 16.5 3 8.82 0.42 205 057-7.32
Gpla 54 425 5 14,7 0.003 429 1.56-1181
Gplb 10 7.9 2 58 1.00 137 029-656
MIRR 29 228 6 17.6 0.64 138 052-3.66
MIR 1 8.6 2 5.88 0.74 152 032-7.20

Note. p < 0.05: significant differences between groups. OR: odds ratio; Cl: confidence interval.

Table 3. Comparison of the incidence of obstetric complications in the surveyed patient groups

Main group, | Control group, Statistical analyss
Characteristic —
n % n w% | P Fishersexact | g 95% CI
criterion

Swelling of pregnant women 165 66.3 7 14 <0.001 12.07 5.20-27.98
Proteinuria <0.15 g/l 217 87.15 49 98 0.02 0.14 0.02-1.04
Proteinuria >0.15 g/l 32 12.6 1 2 0.02 7.23 0.96-54.17
Moderate preeclampsia 16 6.43 0 0 0.05 7.14 0.42-120.93
Severe preeclampsia 14 5.6 0 0 0.05 2.70 0.35-48.63
Development of chronic placental 70 28.1 0 0 <0.001 39.67 2.41-651.77
insufficiency
Development of chronic renal failure 61 24.5 0 0 <0.001 32.95 2.00-542.09
with impaired hemodynamics
Thrombotic complications after 3 1.2 0 0 1.00 1.43 0.07-29.20
childbirth
Childbirth through natural birth paths 139 55.8 30 60 0.64 0.84 0.45-1.56
Delivery by cesarean section 98 39.3 10 20 0.01 2.60 1.24-5.43

Note. p < 0.05: significant differences between groups. OR: odds ratio; Cl: confidence interval.

of protein in the urine 20.15 g/l (12.6% and 2%; p = 0.02).
Meanwhile, women with physiologically occurring pregnan-
cies were most likely to have minimal numbers of protein-
uria or no protein at all (p = 0.02). Cases of the develop-
ment of moderate-to-severe preeclampsia were noted
only in pregnant women with thrombocytopenia (p = 0.05).
The comparative analysis of signs of placental insufficiency
showed that pregnant women with thrombocytopenia more

often develop placental insufficiency with and without he-
modynamic disorders (p < 0.001). This condition proves the
hyperagregation of platelets and the development of micro-
circulatory disorders, leading to the violation of uterine—
placental blood flow. The frequency of cesarean delivery
in pregnant women with thrombocytopenia significantly
exceeded the rates in the control group (39.3% and 20%;
p=0.01).
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DISCUSSION

To date, genetic thrombophilia and antiphospholipid
syndrome are associated with a high risk of miscarriage and
remain one of the main causes of gestational complications.
These conditions directly lead to the activation of the
hemostasis system, intravascular blood clotting, increased
consumption of thrombocytes, and the development
of secondary thrombocytopenia and contribute to the
development of serious obstetric, thromboembolic, and
hemorrhagic syndromes [17-19]. Thrombotic complications,
according to various authors, affect 0.3%-3.5% of pregnant
women and are found in 7%-10% of cases in pregnant
women over 40 years. Thus, special attention has been
paid to the study of thrombotic and non-thrombotic effects
of thrombophilia [20-22]. The manifestation of clinical
manifestations of thrombophilia in pregnancy is multi-
faceted and includes a variety of disorders from macro-
thrombosis in large vessels to micro-thrombosis, leading
to a violation of microcirculation primarily in the uterine—
placental blood flow and in vital organs. Thrombosis of
the main vessels is accompanied by a violation of placenta
perfusion, aggravates uterine—placental circulation and
fetus [23, 24]. The importance of hyperfibrinogenemia in the
development of thrombosis is evident and increases three
times in the presence of pathological allele 455A [7, 25].

Our study identified significant differences between the
main and control groups when analyzing the frequency of
mutations in FGB genes (455 G > A); PAIT (675 5G > 4G);
ITGA2 (807 S > T). The FGB gene encodes the amino acid
sequence B-chain of fibrinogen. The plasminogen inhibitor
is @ major component of the blood anti-clotting system and
plays a significant role in the process of fibrinolysis control
during pregnancy as an important factor in uterine—placental
circulation. Carriers of the pathological allele of this gene
are associated with the development of the pathology of
trophoblast infestation in the early stages of pregnancy,
preeclampsia of severe degree, and placental insufficiency
with delayed fetal growth and are a risk factor for fetal
antenatal death and deep vein thrombosis [9, 10, 25].
The comparative analysis of gestational complications in our
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study showed that pregnant women with thrombocytopenia
often develop placental insufficiency with or without
hemodynamic disorders (p < 0.001). The homozygous carrier
PAI-1 (4G/4G) in combination with any pathological allele of
the genes of the hemostasis system and folate cycle can
serve as a genetic marker of propensity to develop placental
insufficiency caused by thrombophilia in pregnancy [25].
The /TGAZ gene encodes the protein integrin alpha-2,
a membrane glycoprotein that is expressed on the mem-
branes of various cells including platelets. Pathological al-
lele T (homozygote type T/T) is associated with an increase in
platelet aggregation rate and is thus a risk factor for throm-
bophilia. Pathological alleles of /TGAZ and ITGV3 genes (as-
sociated with changes in the properties of platelet receptor
fibrinogen) can lead to resistance to aspirin therapy [10, 16].
A comparative analysis of the genetic profile in our study
showed that in the group of pregnant women with throm-
bocytopenia, the frequency of mutations of platelet receptor
gene Gpla significantly exceeded that in the control group
(42.5% and 14.7%; p = 0.003). These data support the possible
role of the ITGAZ gene in the development of platelet hyper-
agregulation and activation of thrombotic risk in pregnancy.

CONCLUSION

The study of genetic profiles of the women examined
enabled the identification of a group of pregnant women
with a high thrombotic risk. In pregnant women with
thrombocytopenia against the background of activation of
the hemostasis system, multigenic carrying of a combination
of pathological genes, namely, PAI-1, FGB, and Gpla, which
are associated with a high thrombotic risk, | represent
a significant risk factor for the development of placenta-
associated complications of pregnancy. Polymorphism
of genes PAI-1, FGB, and Gpla can be used as molecular
predictors of placental insufficiency, leading to adverse
outcomes of pregnancy. Genetic examination and diagnosis of
thrombotic risks in pregnant women with thrombocytopenia
against the background of activation of intravascular blood
clotting, subject to the use of anticoagulant therapy, can
significantly affect the clinical outcomes of pregnancy.
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