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AbstractThe problem of recurrent miscarriage is an actual problem of modern medicine. According to world
statistics, about 15-20% of pregnancies end in miscarriage. There are many mechanisms involved in normal
pregnancy. One of them is an immune mechanism. Since the fetus is a "stranger" in relation to the maternal body,
the formation of high-grade protective mechanisms for the full implantation of the embryo is necessary. In the case
of destruction of the immune regulatory mechanisms there is an infringement of implantation and placentation,
leading to miscarriage. According to some researchers, about half of the cases of miscarriage are caused by an
imbalance of pro- and anti-inflammatory cytokines. At the same time, the ratio of these cytokines not only in mother
organism, but also in the embryonic tissue is important. Polymorphisms of corresponding cytokines influence on the
level of cytokine production. This review is devoted to the analysis of materials for the study of the role of cytokine
gene polymorphism in the development of miscarriage.

Miscarriage is now becoming one of the priority health problems in many countries. Statistical data
for the whole world show that about 15-20% of pregnancies end in miscarriage [1]. Miscarriage is a
multifactorial disecase with multi-component pathogenesis, forming on the background of adverse
exogenous and endogenous factors. There are a number of regulatory the mechanisms participating in the
successful development of pregnancy. The main ones are immune, endocrine and metabolic mechanisms.
Normal implantation, placentation and a full blood flow promote occurrence and the successful
development of pregnancy. Violation of one or more of these processes leads to disruption of the various
stages of embryonic development.

One of the main causes of early embryonic loss is genetic factors. However, if earlier it was believed
that the basic hereditary causes of miscarriage are chromosomal aberrations, but recently the effect of
gene mutations and gene polymorphisms on the violation of pregnancy are being studied increasingly [2,
3, 4, 5]. For example, it is proved that the gene polymorphism folate cycle contributes to increasing the
risk of miscarriage. This is due to the participation of the products of folic acid in many cellular processes,
including the synthesis of purines and pyrimidines, DNA methylation and others [6, 7]. It is also shown
that thrombophilia associated with genetic factors contribute to impaired fetal growth [8], as they may
cause thrombosis during pregnancy [9, 10]

At the same time, the statistics show that about half of the cases of spontancous abortion are
associated with impaired functioning of the immune system. This is due to the reaction of the maternal
organism on the fetus which is perceived as allograft due to paternal antigens. Immune disorders can be
associated with genotype features, including cytokines genes and their gene polymorphism. The early
stages of embryogenesis depend on the ratio of production and activity of pro- and anti-inflammatory
cytokines involved in the immune response of mother to the fetus [11, 12, 13].

The purpose of this review is to analyze the impact of various cytokines and their gene
polymorphism on the miscarriage.
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The role of cytokine imbalance in miscarriage.

Cytokines are proteins which are synthesized predominantly by cells of the immune system and
regulate a variety of processes, including cell differentiation, inflammation, hematopoiesis and others. To
date, more than two hundred cytokines, that are able to regulate the duration and strength of the immune
response and inflammation, are known. Feature cytokines are the following: One cytokine can act on
several cell types, a cytokine can be produced by several types of cells, one cell can produce several
cytokines, and several cytokines can activate the same function in several cells. It should be noted that in
addition to cells of the immune system cells oviduct cells, endometrium, and the embryo also produce
cytokines [14]. Cytokines act on receptors on the surface of target cells. The ability of cytokines to
amplify or attenuate the production of other cytokines causes as positive as negative regulatory processes.
Thus, cytokines, cytokine-producing cells and cytokine-specific receptors on their target cells are
combined into a single receptor-cytokine regulatory network of the immune system. Thus, the cytokines
arc mediators between cell activating growth processes of cells, their differentiation, migration and
apoptosis. Thus, to classify these peptides is extremely difficult. According to the structure cytokines are
divided into interleukins, chemokines, interferons, growth factors, tumor necrosis factor family of
hematopoietic cytokines et al.

Classification of cytokines in the structure.

Gr Features of the structure Cytokines
oup
1 a- spiral strands, short chain IL-2, IL-3, IL-4, IL-5, IL-7, IL-9, IL-13,
1L-15, IFN-y, M-CSF, GM-CSF
a- spiral strands, long chain IL-6, IL-10, IL-11, oncostatin M
2 - folded structures, long chain family TNF, IL-1, TGF-B
3 o/B short chain chemokines
4 Mixed mosaic structure IL-12

Functionally, cytokines are divided into pro-inflammatory and anti-inflammatory [ 15].
The role of cytokines in embryonic development.

According to modern concepts, the stages of oocyte maturation, its adhesion, implantation, formation
and growth of the placenta are cytokine-dependent processes and controlled by the immune system.
Immune cells producing cytokines are located in all organs of the genital tract of women (ovaries,
endometrium, uterus, and vagina).

Fig. 1
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Fig. 1 Participation of cytokines in the processes of interaction between trophoblast and endometrium
(A - pre-implantation; B — implantation; effects of cytokines are shown as arrows) [16].

Blastocyst stage is the most important stage of implantation. Further formation of the placenta
provides nourishment, protection, development of the fetus and the successful child bearing. All of these
processes include active intercellular interactions involving several families of cytokines. The most
important ones are a family of cytokines IL-6, TGF-p, IL-1, and chemokines, a number of CSF and IL-15
[16]. Cytokines of IL-6 family are involved in the formation of the placenta. In particular it is shown that
IL-11 and its receptor are produced by stromal cells and trophoblast [17, 18]. Leukemia inhibitory factor
LIF, which stimulates the expression of tissue inhibitor of metalloproteinases (TIMP) in fibroblasts, plays
an important role. Expression of LIF by endometrial glands and stromal cells is regulated by IL-1, TNF-q,
TGF-B and estradiol [19, 20]. Important role in trophoblast invasion and implantation belongs to IL-1, IL-
4, IL-6, IL-10, TNF, epidermal growth factor (EGF), hepatocyte growth factor (HGF), TGF-pB, IGFBP-1
and IGF -II. Formation and growth of trophoblast differentiation and invasion happen with the
participation of cytokines. nvasive capacity decreases with increasing levels of IL-6 and IL-10, TGF-p,
TNF, IFNy [21, 22].
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Participation of a number of molecules which belong to the family of IL-6, including LIF and IL-11
is required for the implementation of embryo implantation [24]. L-11 regulates gene expression and cell
cycle control and components of the extracellular matrix during decidualization [25]. It is assumed that
LIF and IL-11 increase adhesion of endometrial epithelial cells to fibronectin and collagen on the surface
of the blastocyst [26]; increase the expression of the epithelial cells of endometrial integrin A2. It is
shown that the level of IL-11 and its receptor in the epithelium of the endometrium in women with
miscarriage is decreased [27]. IL-11 causes dose-dependent decrease in the synthesis of pro-inflammatory
cytokines (TNF-a) in the cells of the endometrium [28]. Without the normal LIF gene expression in the
uterus implantation is impossible [29]. The maximum level of LIF gene expression observed in
endometrial cells at a stage of implantation. At the same time, LIF receptor gene is expressed in the
blastocyst [30]. During the adhesion of the blastocyst begins produce LIF by itself. At the same time, the
mother cells increase production of gpl30 and LIF-receptor. Adhesion induces differentiation of
trophoblast cells in the cytotrophoblast and syncytiotrophoblast. Blastocyst starts to secrete 1L-1, which
activates the expression of LIF in the endometrium, which contributes to the completion of implantation.
IL-1 activates synthesis of LIF in the endometrium [29], furthermore, IL-1 increases expression of
integrin subunits 3, which plays an important role in adhesion [31]. According to the literature it is
known that fetal cells produce IL-1R1, IL-1p and IL-1ra [31, 32]. Other families of cytokines IL-6 are
also involved in the regulation of early embryonic development, and in the regulation of the nervous and
muscular systems. Therefore, gene defects of common subunit gpl130 of their receptors lead to serious
violations and mortality in the embryonic period [15]. Role of certain cytokines in the regulation
embryonic development is traced most closely by the data obtained in knockout mice deficient in the
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corresponding genes (Table. 2).

Table 1 - The role of cytokines, cytokine receptors and signaling molecules in the regulation of embryonic development by
the data obtained in knockout mice [16, 33].

defective genes Developmental disorders

LIF Disorders of implantation

1L-6 Reduced fertility

IL-11R Disorders of embryonic development after implantation
Gpl130 Embryonic lethality

STAT3 Embryonic lethality

SCF Reproductive disorders

M-CSF Reproductive disorders

GM-CSF Dysfunction of the placenta

TGF Embryonic and early postnatal lethality

For successful embryo implantation timing of readiness of endometrium implantation and embryo
development is needed [34]. Peripheral blood lymphocytes have progesterone receptors on their surfaces
in physiological pregnancy. Thus, the dependence of the growth of cells which contain these receptors on
the duration of pregnancy occurs. Progesterone receptor by interacting with T CD8 + cells stimulates the
synthesis of progesterone-induced blocking factor. This factor stimulates the immune response of the
maternal organism towards the fetus on NK-cells (CD56 + CD16-). If these cells are present, the maternal
immune response is carried by Th2, which is accompanied by synthesis of IL-3, IL-4, IL-10, and IL-13. In
this case, certain immune homeostasis and normal development of the fetus is provided and maintained.
Increasing production of cytokines by Th2 leads to increased production of asymmetric antibodies that
compete with precipitating antibodies. Thus, these antibodies act as "blocking" antibodies. They protect
the embryo antigens from the maternal exposure and prevent its destruction by maternal immune system.
If amount of progesterone is low or its receptors are damaged, progesterone-induced blocking factor is
small. In this case, the mother's immune response to trophoblast is carried by lymphokine-activated killer
(LAK), bearing the markers CD56 + CD16 +. It induces the synthesis of pro-inflammatory cytokines by
Th-1, providing an abortifacient effect by influencing the trophoblast apoptosis and inhibiting its
development [35]. Uterine NK cells secrete several angiogenic factors including angioprotein 2 and
VEGF [36, 37]. This activity of NK cells is dependent on the level of IFNy. High doses of interferon-y
can inhibit implantation processes and angiogenesis [38]. The effects of NK-cells are performed by using
NCRs, which regulate NK cell cytotoxicity and cytokine production. It is shown that in the peripheral
blood of non-pregnant women with high risk for recurrent pregnancy loss level of NK-1is changed [39].
Furthermore, it is shown that in abortive decidual cells and endometrium tissue of women with pregnancy
loss expression NCRs profile is changed.

Cytokines of TGF family are also important in the regulation of implantation and fetal development.
TGF-B and activins are synthesized and secreted by cells of the epithelial lining of the fallopian tube and
uterus and stimulate the synthesis of LIF. Cytokine receptors of TGF family are expressed on cells at
various stages of embryo development. At the same time, TGF-B1 is secreted by cells of the embryo at the
blastocyst stage. Perhaps these factors are involved in the pre-implantation development of the fetus and
the interaction of maternal and fetal cells during implantation to maintain normal gestation. A number of
cytokines TGF family are synthesized in the placenta by trophoblast cells and regulate the production of
estrogen, progesterone, placental lactogen. Some TGF are synthesized by maternal decidua cells and
stimulate their differentiation and regulating cytotrophoblast invasion [40].

The role of cytokine gene polymorphism in miscarriage.

The study of cytokine gene polymorphism in miscarriage is an actual problem of modern medicine.
Identification of SNP, affecting the level of certain cytokines, promotes the formation of a database on
predictor of miscarriage. Furthermore, it should be understood that both genes maternal organism and
embryonic genes involved in the development of tissue pathology.

— 153 ——



Joxnaovr Hayuonanvroti axademuu Hayk Pecnyonuxu Kasaxcman

A) Investigation of cytokine gene polymorphism in the tissues of maternal origin in early
embryonic losses.

Literature data about the possible association between polymorphisms of the gene promoter region of
IL-1pB and the risk of disease in the I trimester of pregnancy are controversial. Some authors [41, 42, 43]
believe that the presence of a polymorphism of the gene promoter region of IL-1p is not associated with
an increased risk of miscarriage. Wang Z. et al [44, 45], Bombell S. [12] found an increased frequency of
polymorphic variant of IL-1p (-511, -31) in women with pregnancy loss. At the same time it is shown that
gene polymorphism receptor antagonist of IL-1B (IL-1Ra) is frequently seen in spontancous abortion and
idiopathic recurrent pregnancy loss [46, 47].

The literature sources about a possible link between the presence of polymorphism of the gene
promoter region of IL-10 and the risk of disease in the I trimester of pregnancy are controversial. Some
authors [12, 13, 48, 49, 50] believe that the presence of polymorphisms -392A, -819T, -1082A promoter
region of IL-10 gene is not associated with an increased risk of miscarriage. At the same time Costeas and
his colleagues [51] revealed that the presence of these three allelic variants is associated with the risk of
miscarriage. At the same time Kamali-Sarvestani E. colleagues [52] have demonstrated the lack of
correlation of polymorphism -592A promoter region of IL-10 gene ¢ risk of miscarriage in the population
of Iranian women. Cochery-Nouvellon E. and his colleagues established that among women with non-
developing pregnancy rate registration polymorphic variant of the gene of IL-10 was significantly lower
compared with women with spontancous abortion in the first trimester. It is known that IL-10 has been
actively involved in ensuring maternal immune tolerance of the organism to the developing fetus. In
addition, IL-10 reduces the expression of molecules - coagulation activators by decidual cells [53]. Thus,
changes in the level of gene expression of IL-10 associated with the presence of a polymorphic variant of
a gene can lead to a breach of the early stages of human embryogenesis.

There is no consensus about the possible link between the presence of polymorphism in the promoter
region of the gene and the risk of disease TNFa in the 1 trimester of pregnancy. Some authors [13, 48]
believe that the presence of the polymorphism -308A TNFa gene promoter region is not associated with
an increased risk of miscarriage. Kamali-Sarvestani E. colleagues [52] demonstrated the presence of the
polymorphism -308A relationship promoter region of the gene TNFa with the risk of miscarriage in the
population of Iranian women. Palmirotta and colleagues revealed that the haplotype -376G / -308A / -
238G TNFa gene is a protective factor that contributes to the reduction of tumor necrosis factor.

B) Investigation of cytokine gene polymorphism in the tissues of maternal origin in early
embryonic losses.

24500 gene expression analysis in decidual tissue of women with recurrent miscarriage using
[Nlumina Ref-8 chip 155 identified genes whose expression level is more than two times different from
control. At the same time 23% of them are genes of the immune response. Proportion of functional groups
of other genes does not exceed 18%.
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Fig. 3. In silico model of interaction of the proteins encoded by the genes of cytokines [56] (A -
thickness of the lines between the molecules reflects the degree of correlation between protein, B - type
arrow indicates the nature of the relationship between proteins).

Data of references about a possible link between the presence of polymorphism of the gene promoter
region of IL-6 and the risk of disease in the 1 trimester of pregnancy are controversial. Some authors |12,
49, 50] believe that the presence of a polymorphism -174S gene promoter region of IL-6 is not associated
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with an increased risk of miscarriage. Saijo Y. colleagues [57] revealed an association with recurrent
pregnancy loss by the presence of the allele polymorphism -634S -634S-G gene of IL-6 in a population of
Japanese women. Among the residents of China with recurrent spontaneous abortions genotype frequency
634GG gene IL-6 is also reduced compared to the control [43]. Costeas and his colleagues [51] revealed
that the presence of polymorphism 634S-G gene of IL-6 associated with the risk of miscarriage.

Thus, the functioning of cells as maternal as embryonic origin changes when developing pregnancy.
However, the scope of changes in the pattern of cytokines gene expression in embryonic tissue more as
compared to the maternal organism. Directivity of these changes is related to the increase in the total level
of pro-inflammatory cytokines. The increase in pro-inflammatory level with simultaneous suppression of
the immune regulatory level may be an important mechanism involved in the destruction of the early
stages of human embryogenesis [38]. The combination of a normal genotype of the cells with the presence
of maternally derived polymorphic variant of the gene IL-1B in cells found in the pathology of chorionic
the first trimester of pregnancy. In such a situation the appearance of imbalances in the synthesis of pro-
inflammatory cytokine cells of embryonic and maternal origin is possible. The presence of a polymorphic
variant of the gene IL-1P in the cells of the chorion causes higher production of the cytokine in cells of
embryonic origin.
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TapaGaeBa A.C., BxxurntoBa B.B., ButanoBa J.7K. Kannena JLI'.. HypmyxanGetoBa A.A. MyxTtapxanosa /I,
ToaumopdusM reHoB IUTOKTHOB 1 HeBbIHANIHBaHIE GePeMEHHOCTH

KiroueBble ¢/10Ba: IMTOKUHBL, TOTUMOP(U3M Ie€HOB, HEBBIHAINMBAHHUE OEPEMEHHOCTH

AnnoTarust [Ipo6iemMa IPUBRIMHOTO HEBHIHAIMMBAHUS OSPEMEHHOCTH SIBJIIETCS aKTyalbHOM BO MHOTHX CTpaHaxX MUpA.
Ilo jaHHBPIM MHPOBOH CTATUCTHKHU OKOIIO 15-20% OepeMeHHOCTEH 3aKaHUMBAIOTCS CaMOIIPOM3BOJILHBIMUA abopTaMu. TeueHue
HOPMaIbHOM GepeMeHHOCTH OOYCIIOBICHO MHOKECTBEHHBIMU MeXaHu3MaMHu. OJHUM UX HUX SBIISETCS MMMYHHBIH MEXaHHU3M,
TaK Kak IDIOJ SIBIISETCS «UyKMM» II0 OTHOIIEHMIO K MaTepUHCKOMY opranmsmy. llostomy, HeoOxoqmmo ¢(opMHpoBaHHUE
MIOJHOIIEHHBIX 3allUTHBIX MEXaHW3MOM JUISI HOPMAIbHOM UMIUIAHTAIIMM M IUIAllCHTAIH. B ciyuae HapymeHust
MMMYHOPETYIISITOPBIX MEXaHU3MOB STH IIPOIECCHl HAPYIIAIOTCS, UTO IIPUBOJMT K HEBBIHANMBAHUIO OepeMeHHOCTH. COrllacHo
HCCIIEIOBAHMSM Pla  aBTOPOB, OKOJIO IIOJIOBMHBI CIIy4yaeB HEBBIHAIIMBAHUS OepeMEHHOCTH BBI3BAHBI JHICOATaHCOM IIPO- U
IIPOTHBOBOCTIATUTENHHBIX ITMTOKUHOB. [ IpH 5TOM MMeeT 3HauUeHHEe He TOJIBKO COTHOITECHHE IIMTOKUHOB MATEPHHCKOTO OpPraHu3Ma,
HO U IMTOKWMHOB 3apojplreBod TkaHW. [lommuMopdusM IeHOB COOTBETCTBYIONMX IMTOKMHOB OKas3bIBaeT BIMSHHE Ha UX
IpoJyKIMoo. B jgaHHOM 0030pe IIpejcTaBIeH aHAaIU3 MaTepUalioB, IOCBAIIEHHBIX MU3YUEHHIO POJIH IOTUMOpdU3Ma I'€HOB
IIMTOKUHOB Ha HEBBIHAINMBAHUE OePEMEHHOCTH.

TapaGaeBa A.C., BmwxmruntoBa B.b., BuranoBa 2K KammeBa JLT.. HypmyxanGeroBa A.A.
MyxrapxanoBa J. Ilutoxknnaepaid TeKTik NoJUMOPGU3IMBI KIHE KYKTITIKTI KeTepeaiMay MbLIbIK

KinTrik ce3qep: MUTOKMHAEP, TEKTIK TOTMMOP(U3M, )KYKTLIIKTI Ko TepeaTMayIbUTbIK

AnHoTarmus JKYKTUTIKTIH 9eTTI KOTepealTMayIIbUILIFl SNIEMHIH KOITereH eepiHIH 03eKTi Maceneci GOIBII Kelem.
JIVHHUEKY3UTIK cTaTHCTHKA GOMBIHINA YKYKTUTIKTepAiH 15-20% e3iriHeH JAaMbIFaH TYCIKIICH askTamanbl. JKYKTITKTI KelTereH
MEXaHU3MJIEP KAJBIITHL KBUIBII CAKTaMIBl. AHA OpraHU3MiHE YPBIK OPraHu3Mi «OoTeH» OGONFAHJIBIKTAH JKYKTLIKTI caKTay/Ia
UMMYHJIBI MeXaHH3M jie Oap. COHJIBIKTAH, KAIBIITHl MMIDIAHTAIMS MEH IUIAIICHTAIMSHBIH TONBIK JKapamMbl KOPFAHBIC
MeXaHU3M/Epl KATBIITaCybl oTe MaHBI3ALL Erep MMMYHJBI PETTEYIN YpAICTep akayiaHca, JKYKTUIK COTTI asKTaTMaiiibl.
Bipkarap 3eprreymiinep mMoneMeTTepi GOMBIHINA KYKTUTIKTIH COTCI3IKTEPIHIH KaPTHICHHA JKYBIK CAHbI KaObIHY &bl JKoHE
KaObIHyFa Kapchl IUTOKUHICPIHIH JUCOATAHCHIMEH IMAaKbIPhUTaIbl. ByIl skarjaiiap/a TeK KaHa aHa OpraHM3MiHiH FaHa eMec,
YPBIKTHIK TiHJEPIHIH i€ TMTOKUHACPIHIH apaKaThICHIHBIH MaHb3bl Gap. [[UTOKMHAEpAIH TeKTepIiHIH MOTMMOP(U3MEBI calikec
IIUTOKVHAEP I OHIMIHE acep eTeTiHi Oenrimi. Ochl monyjga [UMTOKUHAEPH TEKTEPIHIH TOMMMOPPUIMBIHBIH KYKTUTIKTI
KeTepeaTMayIbUIBIFBIHA JIETEH 9CEPiH 3epTTey GarbIThIHIA Gap MOTIEMETTEP/IIH caparTaMachl KeITipuIreH.
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