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Abstract  The article provides a detailed analysis of the immune mechanisms that support physiological pregnancy and 

the pathogenetic aspects of miscarriage. The immunological basis of these conditions includes changes in uterine NK cells,  

a decrease in the number of macrophages and myeloid suppressor cells, an increased Th1/Th2 ratio, and a decreased 

Treg/Th17 ratio.  
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1. Introduction 

Spontaneous miscarriage is defined as termination of 

pregnancy in the first 20 weeks of pregnancy, two or more 

miscarriages are designated as habitual spontaneous miscarriage 

[1]. This pregnancy complication occurs in 12-15% of 

pregnant women worldwide, with about 80% of miscarriages 

occurring during the first trimester of pregnancy [2]. As the 

number of miscarriages increases, the risk of losing future 

pregnancies increases dramatically. Multiple miscarriages 

pose a serious threat to a woman's fertility and health. Each 

subsequent miscarriage can damage the uterine mucosa, 

which leads to a violation of the reciprocity of the 

endometrium with a complication of the relationship at the 

uterine-fetal interface [3]. A habitual miscarriage negatively 

affects a woman's emotional sphere, causes psychological 

stress in the family and conflicts between couples [4,5]. 

The cause of miscarriage may be chromosomal abnormalities, 

immunological, anatomical, thrombotic pathologies, and 

environmental factors [6,7]. In about 50% of cases, the causes 

of miscarriage remain unknown [8]. Despite the diversity of 

the etiology of miscarriage, maternal immunity has been 

actively considered a key link in its pathogenesis in recent 

years. 

The purpose of the study: to study the role of factors of 

nonspecific immune protection in the pathogenesis of early 

pregnancy miscarriage. 

2. Materials and Methods 

To write this review, a literary analysis of articles on   

the websites PubMed, Medline, WHO and Medscape was 

conducted. 
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The mother's immune system as the basis for maintaining 

and preserving pregnancy 

A successful pregnancy requires a difficult balance in the 

relationship between mother and fetus. This balance is 

maintained by modulating the maternal immune system, and 

the main mediators of these relationships are immune cells 

and cytokine signaling pathways. Cell-mediated immune 

factors that have been studied in maternal peripheral blood 

and in uteroplacental tissues include natural killer cells (NK), 

neutrophils, macrophages, and T lymphocytes [9]. 

NK cells are large and granular lymphocytes without 

antigenic T or B cell receptors [10]. There are two types of 

NK cells: CD56dim/CD16+ (pNK) and CD56bright/CD16 

−(uNK) [10]. pNK cells are present in peripheral blood   

and have stronger cytotoxic properties than uNK. uNK cells 

are classified into eNK cells (endometrial) and dNK cells 

(decidual) [11]. eNK cells account for up to 30% of the  

total number of endometrial lymphocytes and are more 

widely distributed in the superficial and deep layers of    

the endometrium during implantation and early pregnancy. 

dNK cells make up 70% of the total number of decidual 

lymphocytes and are distributed in the deep layers of the 

endometrium, persisting even in late pregnancy [9]. 

NK cells play an important role in maintaining pregnancy 

and secrete cytokines that stimulate placenta formation, 

angiogenesis, and fetal growth. uNK cells contribute to the 

remodeling of the spiral artery by producing angiogenic 

growth factors at an early stage of pregnancy, such as 

interleukin-8 (IL-8), angiopoietin-1/2, and vascular endothelial 

growth factor (VEGF) [12,13]. dNK cells also produce     

a number of matrix metalloproteinases (MMPs), which   

can lead to destruction of the extracellular matrix [14]. In 

addition, dNK cells prevent excessive trophoblast invasion in 

the late stages by expressing cytokines such as transforming 

growth factor β (TGF-β), tumor necrosis factor α (TNF-α) 

and interferon γ (IFN-γ) [15]. 
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Decidual macrophages account for about 10-20% of the 

total number of decidual leukocytes in early pregnancy  

[16]. Depending on the exposure factor, macrophages can 

differentiate into M1 or M2 polarization states. M2 

macrophages produce anti-inflammatory cytokines such as 

IL-10 and TGF-β. Macrophages promote decidual tissue 

remodeling and angiogenesis, support trophoblast invasion 

by inhibiting T cell activation, promote tissue repair, support 

immune homeostasis, and prevent excessive manifestation of 

inflammatory reactions [17]. M1 macrophages produce 

pro-inflammatory cytokines such as IL-1b, IL-6, and TNF-α, 

which are involved in regulating the immune response, while 

their excessive content initiates increased inflammation [17]. 

Neutrophils are an important component of the innate 

immune system, the activation of which leads to phagocytosis, 

cytokine secretion, and the generation of reactive oxygen 

species to effectively neutralize pathogens. From the early 

stages of pregnancy, the neutrophil content is actively 

increasing. During pregnancy, the production of cytokines 

increases, which enhance the formation of neutrophils in the 

bone marrow: granulocyte colony-stimulating factor (G-CSF) 

and granulocyte-macrophage colony-stimulating factor 

(GM-CSF). During pregnancy, neutrophils express CD15 

more than CD10, which is especially noticeable in the third 

trimester [18]. At the same time, there is an increase in the 

population of myeloid-derived suppressor cells (MDSCs), 

including mature and immature monocytic or granulocytic 

cell phenotypes with immunosuppressive functions. It is 

assumed that the increase in the number of MDSCs plays a 

key role in maintaining an immunosuppressive environment 

and immunotolerance during pregnancy. A decrease in 

MDSC levels is associated with an increased risk of miscarriage 

[19]. 

T-lymphocytes make up 3-10% of immune cells and are  

a key component of the adaptive immune system. CD4+T 

cells are a vital component of the immune system and have 

different subtypes (Treg and Th1/2/17 cells) depending on 

their functions and secreted cytokines. Th1 cells produce 

pro-inflammatory cytokines (IL-1b, IL-2, IL-6, IL-8, tumor 

necrosis factor α (TNF-α), interferon γ (IFN-γ)), through 

which they induce a cell-mediated cytotoxic response, 

whereas Th2 cell cytokines are anti-inflammatory cytokines 

(IL-4, IL-5, IL-10, IL-13), which are responsible for humoral 

immunity and immune tolerance [20]. 

In recent years, in addition to subpopulations of Th1   

and Th2 cells, more complex subpopulations of regulatory  

T cells (Treg) and Th17 cells have played an important role 

in the successful regulation of pregnancy [21]. Th17 cells 

produce the pro-inflammatory interleukin IL-17, a cytokine 

that, by interacting with Th1 cells, can participate in the 

immunopathology of miscarriage [22]. On the contrary, Treg 

cells form immune tolerance, as a result of which the mother's 

body does not react to the fetus as to a semi-allograft, which 

is important for implantation and further growth of the 

embryo [23]. 

Pregnancy can be conditionally divided into three 

immunological stages, depending on the predominance of  a 

pro-inflammatory or anti-inflammatory immune background 

[24]. The first trimester of pregnancy occurs against a 

background of weak pro-inflammatory activity. Invasion of 

the blastocyst into the endometrium of the uterus causes 

damage to the underlying maternal tissue. For optimal 

hematological support, the trophoblast of the blastocyst 

displaces the uterine endothelium and smooth muscle arteries 

of the mother during the secondary phase of embryonic 

development. The inflammatory stage is important for 

cleaning the wound from the remains of the fetal egg and 

dead tissues and preparing the damaged tissue for healing 

and vasculogenesis. It occurs immediately after injury and is 

characterized by the production of pro-inflammatory 

cytokines and chemokines. These mediators attract immune 

cells to the site of injury and stimulate the production of 

more signaling molecules. During implantation, the mother's 

immune system promotes immunological adaptation to the 

fetus, and many other physiological changes occur in it, 

including endocrine modulation [25]. The same cytokines 

that play a role in modulating the immunological balance 

during implantation also play a role in the formation of the 

placenta [21]. 

In the second trimester of pregnancy, the anti-inflammatory 

link begins to prevail, and cytokines released during this 

phase contribute to the establishment of immunological 

tolerance to the fetal allograft, promote coordination of the 

function of the fetoplacental complex, which stimulates  

fetal growth and development. Further, the final phase     

is characterized by absolute anti-inflammatory dominance, at 

the end of which an increased pro-inflammatory response is 

noted, creating conditions for the onset of labor [25]. 

Immunological aspects of the formation of miscarriage in 

early pregnancy 

Increased activation of pro-inflammatory cytokines  

leads to disruption of the embryo implantation process, 

placental dysfunction, and miscarriage [26]. TNF-α is a key 

pro-inflammatory cytokine that induces the inflammatory 

process. TNF-α promotes trophoblast invasion by increasing 

the production of IL-17 by endometrial stromal cells. 

Moreover, TNF-α plays an important role in implantation by 

inducing the production of VEGF by trophoblast cells [27]. 

However, excessive TNF-α production disrupts the balance 

of Th1/Th2 immune cells, which changes the endometrial 

environment, causes excessive apoptosis of embryonic and 

endometrial cells, which leads to failure of embryo implantation 

and the threat of miscarriage [28]. It is noteworthy that 

TNF-α levels are significantly increased in cases of repeated 

miscarriage compared with primary miscarriage. This 

difference may be related to the initial sensitization to the 

antigens of the embryo during a previous pregnancy, which 

may cause a manifest manifestation of a humoral or cytotoxic 

reaction to these antigens in subsequent pregnancies [20]. 

IFN-γ regulates the expression of IL-6, monocyte 

chemoattractant protein (MCP)-1 and macrophage colony- 

stimulating factor (M-CSF) in early pregnancy. IFN-γ 

promotes implantation by developing vessels at the 

implantation site and maintaining decidual tissues during 
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placental development [20]. A significant increase in IFN-γ 

expression leads to spontaneous abortion [29]. IFN-γ 

suppresses the production of GM-CSF, which is necessary 

for the progression of pregnancy. In addition, IFN-γ affects 

the expression of proteins involved in embryo adhesion to 

the endometrium [30]. 

Transforming growth factor β (TGF-β) is considered a 

multifunctional cytokine, controls the cytokine network,  

and supports maternal immune tolerance [31]. TGF-β plays 

an important role in decidualization and stimulation of 

implantation. The level of TGF-β1 is significantly higher in 

women with a successful pregnancy compared to patients 

with repeated pregnancy loss [32,33]. At the same time, an 

increased level of TGF-β1 can inhibit trophoblast invasion 

by increasing the expression of kisspeptin [34]. 

IL-1β, as a fast-reacting proinflammatory cytokine, 

initiates inflammation by activating NK and T cells. IL-1β 

may promote the expression of matrix metalloproteinases 

(MMPs), thus participating in the regulation of trophoblast 

invasion [35]. In addition, IL-1β promotes blood clotting. 

IL-1β leads to an increase in the number of proteins that 

increase platelet stability, and thus forms a prothrombotic 

state. This condition is fraught with the formation of 

microthrombi at the uteroplacental interface, which is one of 

the important links in the pathogenesis of miscarriage in 

early pregnancy [36,37]. 

IL-6 stimulates inflammatory reactions and at the same 

time suppresses TNF-α expression [38]. This pleiotropic 

cytokine plays a dual role during pregnancy, supporting  

both pro-inflammatory and anti-inflammatory responses. 

IL-6 enhances decidualization and increases endometrial 

susceptibility to signaling molecules [35]. An increase in 

IL-6 levels and its positive correlation with Th17 have been 

reported in patients with habitual miscarriage [21]. Similarly, 

IL-6 has been shown to positively correlate with the number 

of repeated miscarriages, while IL-10 is negatively correlated 

[26]. 

IL-10 suppresses the immune Th1 response by reducing 

the expression of TNF-α, IFN-γ, and IL-1β and supports 

immunological tolerance by promoting embryo development 

[39]. In patients with miscarriage, the level of IL-10 in the 

blood was lower than in women with a physiological course 

of pregnancy [40]. 

It is noteworthy that the aberrant cytokine Th1 or Th2 

alone cannot determine pregnancy outcomes. Pregnancy   

is regulated by the complex interaction of a network of 

cytokines, and in this context, the ratio of Th1/Th2 cells is 

important in maintaining pregnancy. A number of studies 

have found a significant increase in the ratio of Th cells 

producing IFN-γ/IL-4, IFN-γ/IL-10, TNF-α/IL-4 and TNF-α 

/IL-10 in patients with miscarriage compared with healthy 

pregnant women [41,42]. 

In recent years, the role of Treg/Th17 cell imbalance in the 

pathogenesis of miscarriage has been widely discussed 

[22,43]. Treg cells modulate immune responses, inhibit the 

activation and proliferation of cytotoxic immune cells that 

can potentially target fetal antigens, control inflammation, 

and support maternal vascular adaptation, which ultimately 

promotes decidual invasion and adequate vasculogenesis 

[43]. A decrease in the level of Treg cells in the blood and an 

increase in the content of Th17 cells during miscarriage were 

revealed [44]. 

Th17 cells have a special effect due to their ability to 

regulate inflammation depending on the situation. The 

pro-inflammatory nature and its stimulation of progesterone 

secretion emphasize the lability of Th17 and pregnancy 

outcomes. However, other studies report that Th17 levels 

remain constant during pregnancy, and the Treg/Th17 ratio 

decreases closer to childbirth [44]. Similarly, another study 

showed that the number of Treg cells constantly decreases 

during pregnancy, while Th17 levels do not change significantly 

[45]. The pro-inflammatory properties of Th17 cells in 

combination with the immunoregulatory ability of Treg cells 

create a balance that is key for both immune tolerance and 

protection against pathogens [22]. 

A number of studies have investigated the possible role  

of IL-17 as a pro-inflammatory mediator in spontaneous 

miscarriage. At the same time, it is reported that IL-17 

affects the rate of trophoblast invasion and reduces its death, 

which is an important point in successful implantation [43]. 

In another study, it was found that the level of IL-17 in the 

peripheral blood of women with physiological pregnancy 

was higher than in patients with miscarriage. This indicates 

the need for further research to clarify the effect of IL-17 on 

implantation and pregnancy outcomes. 

IL-7 stimulates the development of Th17 cells from naive 

T cells [46] and their differentiation. IL-7 then inhibits Treg 

cell differentiation, and subsequently disrupts the Treg/Th17 

balance towards Th17 activation [47], which contributes to 

the formation of miscarriage [46]. The significantly increased 

expression of IL-7 in the decidual membrane of women with 

spontaneous miscarriage indicates that IL-7 probably plays 

an important role in enhancing the proinflammatory immune 

response at the uteroplacental interface [46]. 

Hormone-mediated cytokine regulation during pregnancy 

It is known that the successful course of pregnancy 

depends on the level of the hormone progesterone, synthesized 

at the beginning of pregnancy by the corpus luteum of the 

ovary, and then by the placenta. In addition, adequate levels 

of estradiol and chorionic gonadotropin and their complex 

interactions at the mother-placenta-fetus interface with a 

number of factors of nonspecific immune protection are 

important for the progression of pregnancy and fetal growth 

[48]. 

Female steroid hormones estradiol and progesterone 

induce the activity of anti–inflammatory cytokines and reduce 

the pro-inflammatory response. Progesterone enhances the 

production of cytokines of the anti-inflammatory cytokines 

IL-4, IL-5, leukemia inhibitory factor and M-CSF in the 

decidual membrane, while simultaneously suppressing the 

synthesis of IFN-γ and TNF-α and cytokines produced by 

Th17 cells, such as IL-17A and IL-23 in the blood [49]. 

However, Th17 cells do not always have a negative effect on 

pregnancy, since, depending on the established cytokine 
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environment, they are able to differentiate into either 

Th17/Th1 cells or Th17/Th2 cells. The Th2 shift caused   

by progesterone promotes the transition of Th17 cells to 

Th17/Th2 cells and stimulates the production of IL-17A, 

IL-17F, and IL-4 by T helper cells, which is important for 

embryo implantation [50]. It is reported that the production 

of IL-17 together with IL-4 can promote embryo implantation 

and growth [51]. 

The immunotolerogenic effect of progesterone is manifested 

in an increase in the phagocytic capacity of trophoblasts and 

an increase in the expression of anti-inflammatory cytokines 

such as TGF-β by trophoblasts [52]. A decrease in progesterone 

levels leads to a decrease in the number of MDSCs, which  

is associated with an increased bias towards the production 

of Th1 cytokines and early miscarriage [53]. These studies 

clearly emphasize the important immunoregulatory role of 

progesterone at the fetoplacental level. 

Estradiol during pregnancy plays a role in modulating  

the balance of Th1/Th2 cytokines, promotes the attraction 

and activation of Treg cells, and thereby supports the 

immune tolerance of the mother to the fetus [49]. The 

immunomodulatory effect of estradiol is dose-dependent. 

Although estradiol increases the production of IFN-γ and 

IL-12 before ovulation outside pregnancy, during pregnancy 

it increases the levels of IL-6 and IL-10, reducing the ratio of 

IFN-γ/IL-10, which shows its role in regulating the cytokine 

balance in favor of the Th2-type immune response [53]. 

3. Conclusions 

Pregnancy is a difficult coordinated condition, where   

the mother's immune system is considered an important link. 

The immunological basis of this condition includes uterine 

NK cells, macrophages and myeloid suppressor cells, a 

balance in the content of Th1/Th2 and Treg/Th17. A change 

in the immunotolerant relationship between mother and fetus 

can lead to defects in implantation and placentation and is a 

key aspect of the pathogenesis of early pregnancy miscarriage. 
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