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Abstract: Recurrent spontaneous abortion (RSA) refers to multiple spontaneous abortions with the 
same sexual partner; In 2020, Chinese expert consensus suggested that it should be defined as the loss 
of the embryo or fetus before 28 weeks of gestation with the same sexual partner for two or more times 
in a row, including the biochemical pregnancy that occurred several times in a row. The pathogenesis 
of RSA is complex and diverse. At present, the pathogenesis factors have been widely recognized by the 
industry, including genetic factors, endocrine factors, anatomical abnormalities, infectious factors and 
immune factors. Among them, the role of immune factors such as T lymphocytes, dendritic cells and 
natural killer cells (NK) in the occurrence and development of RSA has attracted wide attention, 
especially NK cells. NK cells are an important part of human immune system. The specific surface 
molecules of Decidual natural killer cell (dNK) play an immunomodulatory role in the invasion of 
trophoblast cells and the remodeling of uterine spiral artery during pregnancy, which is particularly 
important in the early gestation period. The function of dNK cells is tightly regulated by a balance 
between activation and inhibition signals transmitted by the various family of receptors (NK cell 
receptors, NKRS) that DNK cells express. In this paper, the existing research progress of decidual NK 
cells on the mechanism of its receptors in the process of recurrent spontaneous abortion will be 
reviewed as follows. 
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1. Introduction 

Recurrent abortion (RSA) is one of the common pregnancy complications in obstetrics and 
gynecology, and also a common disease related to reproductive immunity in obstetrics and gynecology, 
which seriously threatens the physical and mental health of the majority of women. Although most of 
the pathogenesis of RSA has a clear etiology, there are still many triggers of RSA that have not been 
discovered clinically, most of which are thought to be related to immune abnormalities. During normal 
pregnancy, various immune cells and cytokines work together to develop an immune tolerance that 
allows the embryo to successfully evade the maternal immune system. Natural killer cells (NK cells) 
are the focus of immunologists in recent years. These cells play an important role in the process of 
recognizing and killing cells with abnormal differentiation, morphological changes and infection. 
During pregnancy, the number of decidual natural killer cells (dNK cells) continues to increase and 
maintain close contact with trophoblast cells, so the interaction between DNK cells and trophoblast 
cells at the mother-to-fetus interface can be regarded as the cellular basis of maternal immune tolerance 
to fetal isoantigen recognition and thus achieve fetal immune protection[1]. Professor ElBadawy Omnia 
et al.[2]from the School of Medicine of Assu University in Egypt found in their study on killer 
immunoglobulo-like receptors in peripheral blood of women with recurrent spontaneous abortion that 
NK cells could be subdivided into different subgroups according to the relative expression of CD16 and 
CD56, namely CD56dimCD16bright(low expression, CD16dim(high expression, low expression or no 
expression) were the two main subgroups of NK cells. CD56+ NK cells in peripheral blood accounted 
for 17.5%, and CD56+ NK cells in decidua accounted for 17.3%. CD56dim NK cells were higher than 
CD56bright NK cells in blood and decidua. As for the function of these cells, studies have found that 
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dNK cells can not only play an immunomodulatory role in the maternal fetal interface [3], but also play 
a key role in the regulation of trophoblast invasion and vascular remodeling [4, 5]. 

In the process of recognizing and killing target cells, these NK cells need to rely on the interaction 
of inhibitory receptors and activator receptors on the surface of NK cells with MHC molecules on the 
surface of target cells, so that the combination signals generated by the change of the balance between 
inhibitory signals and activator signals recognize abnormalities in vivo. NK cell surface receptors are 
abundant and diverse. These receptors and their ligands may play different regulatory roles in the 
pathogenesis of spontaneous abortion. NK cell surface receptors are mainly divided into two families: 
Immunoglobulin superfamily [including the killer immunoglobulin-like receptor (KIRs) family, natural 
cytotoxic receptor (NCR), and LIR(leukocyte IG-like receptor)/ILT(immunoglobulin like 
transcript)LIR receptors], C-type lectin family [CD94/NKGs and CD94/NKG2 receptors (natural killer 
genes), NKG2D receptors][6]. During pregnancy, they promote maternal acceptance of the embryo 
through various immunomodulatory mechanisms. Natural killer cell receptor (NKR) is a central 
regulator of NK cell activity [7]. However, the specific regulatory mechanisms of various receptors have 
not been studied clearly. The following will review the research progress of the pathogenesis and 
regulation mechanism of receptors and ligands mentioned above in spontaneous abortion. 

2. Killer immunoglobulin-like receptor(KIR) 

Most of the receptors that regulate the activation and inhibition of dNK cell function belong to the 
highly polymorphic KIR(Killer immunoglobulin-like receptor) family. 3. Killer immunoglobulin-like 
receptors (KIRs), which recognize human leukocyte antigen Class HLA-I molecules, are particularly 
important for NK cell function. At the maternal fetal interface, only the echinotrophoblast (EVT) 
expresses selective class HLA-I molecules, while all other types of trophoblast cells have no HLA 
expression. Each pregnancy has a unique combination of KIR and HLA-I, which, combined with the 
fact that NK cells interact directly with the trophoblast, suggests that KIR and HLA may play a role in 
RSA [8]. EVT expresses HLA-C, HLA-E and HLA-G[9, 10]. If the interaction between KIR and its own 
HLA Class I molecules is suppressed, they will inhibit the activation of dNK cells, thus damaging 
trophoblast cells [11, 12]. 

KIRs can be classified according to their structure and function. Each KIR molecule consists of two 
or three extracellular immunoglobulin-like domains (2D and 3D molecules, respectively), a 
transmembrane region, and a short (S) or long (L) intracellular tail[11, 13]. KIR is expressed on a 
subpopulation of NK cells and may therefore affect the activation of this cell, either by inhibiting 
KIRs[with long (L) cytoplasmic tails -KIR2DL and KIR3DL- containing inhibitory motifs ITIMs based 
on immune receptor tyrosine], Either by activating KIRs (KIR2DS and KIR3DS, short (S) cytoplasmic 
tails have no signaling motifs but are related to the adaptor molecule DAP12 homodimer, which has 
activation motifs ITAMs based on the immune receptor tyrosine). 

KIR receptors are transmembrane glycoproteins expressed on NK cells and T lymphocytes with 
characteristic immunoglobulin (Ig) -like domains on extracellular segments of NK cells associated with 
target cell surface ligand recognition. All KIR genes are encoded in the leukocyte receptor complex 
(LRC) of chromosome 19 (19q14.3) [14]. LRC includes 15 genes of the KIR family. The genes encoding 
KIR are polymorphic. The two types of KIR haplotypes, A and B, can be defined by 15 genes of the 
KIR family[11, 15]including KIR2DS1, KIR2DS2 KIR2DS3, KIR2DS4 KIR2DS5, KIR2DL1, KIR2DL2 
/ L3, KIR2DL4, KIR2DL5A, KIR2DL5B, KIR3DL1, KIR3DL2, KIR3D, KIR3DL3 and KIR3D S1[10, 

16]. 

At present, Professor Su Ning and his team from the Affiliated People's Hospital of Zhengzhou 
University have conducted a study on the influence of KIR gene and HLA-C ligand on recurrent 
spontaneous abortion in Han population. This study detected KIR and HLA-C genes in 110 Han 
women with unexplained RSA and 105 healthy Han women to determine whether certain genotypes are 
more prone to abortion. The final results showed that, compared with the control group, the frequency 
of KIR3DL1 in RSA patients was significantly lower, and the frequency of 2DS1 gene was 
significantly higher, but there was no significant difference in the frequency of KIR gene and different 
KIR haplotypes between the two groups. The decrease of suppressor gene and the increase of activator 
gene may induce the activation of natural killer cells. Thus, the probability of fetal survival is reduced, 
leading to the occurrence of abortion[17]. This study suggests that maternal KIR and HLA-C genes are 
associated with RSA in Chinese Han women, but the mechanism has not been further studied, which 
has certain enlightenment for our exploration of the mechanism of KIR receptor gene in the occurrence 
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of RSA. 

3. Natural cytotoxicity receptors(NCR) 

Natural cytotoxic receptors (NCR) are also subordinate to the immunoglobulin superfamily, 
including Natural Cytotoxic receptor-1, NCR1 (NKp46), natural cytotoxicity receptor-2 (NKp44), 
natural cytotoxicity receptor-3 (Natural Cytotoxicity receptor-1, NCR3 is NKp30)[18]. These receptors 
play an important role in the recognition of target cells with little expression of major 
histocompatibility complex (MHC). NCR also has an immunoglobulin (Ig) -like domain in its 
extracellular part, which makes it a member of the immunoglobulin superfamily. Ligands recognized 
by this class of receptors include stress inducing proteins (ligands of NKG2D), viral proteins (such as 
hemagglutinin), pp65(ligands of NKp44, NKp46, and NKp30), and some unidentified tumor ligands [19, 

20]. 

Since NCRS lack the activation motif of immune receptor tyrosine (ITAM), they can only transmit 
activation signals to the cell through ITam-related molecules[21]. NKp46 and NKp30 can be expressed 
on both resting and activated NK cells, while NKp44 is only expressed on activated NK cells. NKp30 
can be transcribed into different variants, among which NKp30a, NKp30b and NKp30c are the most 
abundant isomers, each of which has a different function. NKp30a and NKp30b transmit activation 
signals, while NKp30c transmit suppression signals; NCR1 and NCR2 were also transcribed into 
several isomers, but no functional differences of splicing variants were found in NCR1, and there were 
inhibitory isomers in NCR2[22]. In addition, all three kinds of NCRS have been repeatedly shown to 
induce cytotoxic effect of uterine NK cells and cytokine production, but only NKp46 can induce 
cytotoxic effect of DNK cells[23]. In addition, NKp30 can promote the secretion of cytokines, while 
NKp44 has inhibitory function in DNK cells[22]. 

Professor Fukui Atsushi's team in Japan studied the expression of natural cytotoxic receptors and 
cytokines on endometrial natural killer cells in women with recurrent abortion or implantation failure. 
The expression of NCR (NKp46, NKp44 and NKp30) and the generation of NK cells in the 
endometrium of women with recurrent pregnancy loss (RPL) were studied. The expression of NCR 
(NKp46, NKp44 and NKp30) in dNK cells was detected by flow cytometry. Medium dNK cells were 
collected from 34 women with implantation failure and 74 control groups. The expression of NCR in 
peripheral blood of pregnant women was analyzed. The results showed that the expression of NCR and 
cytokine production were changed, especially the expression of NKp46 in dNK cells was decreased, 
which suggested that there might be abnormal regulation of NK cells in women with recurrent abortion 
[24]. However, this study only explored the expression of several NCR receptors in RSA patients, and 
did not conduct in-depth research on the specific mechanism. 

NKp46 can be further subdivided into NKp46dim and NKp46bright. Chuxian Mai[25]et al. studied 
the role of NKp46 receptors in determining reproductive outcome. By collecting the endometrium of 
aborted women, the endometrium was divided into pregnancy group and pregnancy failure group 
according to the results of pregnancy reaction test. NKp46 receptor and other activating or inhibiting 
receptors expressed on NK cells and intracellular factors produced by NK cells were analyzed by 
multicolor flow cytometry. It was found that NKp46 receptors play different roles in reproduction 
according to different fluorescence intensities associated with NK cells, that is, NKp46dim NK cells 
are involved in cell killing, while NKp46bright NK cells are involved in cytokine production, 
suggesting that NKp46 may be a predictive marker for observing embryo tolerance conditions. It 
suggests that this receptor plays an important role in the pathogenesis of RSA. However, this study did 
not conduct in-depth discussion on the interaction between NK cell receptors and their respective HLA 
antigens in RSA patients, so it has certain implications for our future research on the interaction 
between NK cell receptors and their respective HLA antigens in RSA patients. 

4. Ieukocyte immunoglobulin receptor(ILT) 

Some members of the LILR family of leukocyte immunoglobulin-like receptors (LILR), also 
known as ILTs (Immunoglobulin-like transcripts), which are present in the human placenta; LILRB1 (B 
member 1 of the leukocyte immunoglobulin like receptor family, i.e. ILT2) was mainly found on 
stromal cells, while LILRB2 (B member 1 of the leukocyte immunoglobulin like receptor family, i.e. 
ILT4) was also found around the vessels of the smooth muscle layer in addition to stromal cells. 
Leukocyte immunoglobulin like receptor (LIR) is a type I transmembrane glycoprotein containing the 
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extracellular ligand-binding immunoglobulin like domain and the intracellular immunoreceptor 
tyrosine inhibitory motif (ITIM), and is therefore classified as an immunosuppressive receptor[26]. 
These receptors are similar to KIR, encoded on chromosome 19 in the q13 region, and LILRA 
(activating) and LILRB (inhibiting) receptors are more widely distributed than KIR. 

HLA-G belongs to non-classical human leukocyte antigen (HLA) class Ⅰ, encoded by the HLA-G 
gene, and was originally found in trophoblast cells. Trophoblast cells belong to deciduar invading cells, 
which are allografts to the mother. As we can see from the above, HLA-G is highly expressed in 
trophoblast cells, which can directly inhibit the killing effect of NK cells, so as to protect fetal cells 
from the attack of NK cells[27]. The binding of HLA-G tetramer was found to be mediated by ILT 
receptor, mainly by ILT4, with a certain contribution from ILT2, but only when the latter was expressed 
at a high level. The expression rate of ILT2 in all female decidua NK cells was 20-25%, and both ILT2 
and ILT4 were present in all decidua macrophages. When ILT2 and ILT4 bind to HLA-G on trophoblast 
cells, the inhibitory function of ILT2 and ILT4 may counteract the activation signal of KIR2DL4. 
LILRB1 contains a tyrosine immune receptor switch motif in the cytoplasmic region, which can act as 
both an activating receptor and an inhibiting function. LILRB1 binds to HLAG more strongly than 
classical HLA Class I molecules, and HLA-G dimer induces LILRB1 signaling more effectively than 
monomer form[28]. 

In recent years, there are few studies on the expression and effect of the inhibitory receptor LIR/ILT 
and its ligand HLA-G on the surface of NK cells in the decidua at the maternal fetal interface in 
recurrent abortion. Therefore, the in-depth exploration of the relationship between the mother-to-fetus 
interface can also be a new direction to explore the mechanism of abortion. 

5. CD94/NKG2A 

CD94/NKG2A is a receptor that exists on natural killer cells (NK) and some T cells. CD94 is 
covalently bonded to other members of the NKG2 family of molecules. Both molecules are 
glycosylated members of the C-type lectin superfamily. The CD94/NKG2A receptor is a peptide 
molecule specifically derived from HLA-E and a specific MHC Class I molecular signal sequence. The 
location of the signal sequence derived peptides is critical in determining whether HLA-E/ peptide 
complexes are resistant to NK cell-mediated cleavage[29]. 

In view of this, Brooks et al.[30]from the National Institute of Allergy and Infectious Diseases of the 
United States confirmed the specific interaction between CD94/NKG2A and HLA-E, and demonstrated 
that this interaction depends on the binding of HLA-E to the above derived peptides. In addition, by 
functional analysis of CD94/NKG2A+ NK cells, no interaction between CD94/NKG2A and classical 
HLA Class I molecules was observed. They also evaluated the function of HLA-E-related peptides in 
the interaction between HLA-E and CD94/NKG2A. It was found that all class I lead peptides needed to 
bind to HLA-E and were recognized by CD94/NKG2A. It can be said that HLA-E's specific 
recognition of CD94/NKG2A is controlled by peptides at two levels; First, the peptide must stabilize 
HLA-E and promote its expression on the cell surface. In addition, the HLA-E/ peptide complex must 
form a ligand for CD94/NKG2A[29]. 

As the surface receptors of NK cells exert cytotoxic effects mainly through their inhibitory 
receptors, and CD94/NKG2A, as such receptors, begin to be synthesized and expressed slowly at the 
beginning of the development of NK cells in vivo, interleukin-15, together with other cytokines, can 
promote the differentiation of progenitor cells and enhance the expression of CD94[31]. During 
pregnancy, NK cells are essential for the formation of the placenta, a key organ that controls the supply 
of oxygen and nutrients needed by the growing fetus. Instead of attacking mismatched fetuses and their 
placentas, uterine NK cells help local blood vessels tolerate the changes needed to nourish the fetus. 
Control of NK cell function depends on the interaction between class HLA-I and inhibitory NK cell 
receptors[32]. Human beings first evolved the interaction between HLA-E and CD94/NKG2A. Hla-e 
acts as a ligand for CD94/NKG2A on the surface of trophoblast cells. Driven by CD94/NKG2A 
inhibitory receptor and HLA, uterine NK cells promote them to transmit these key functions at the 
mother-to-fetus interface. Secondly, multiple interactions of HLA-A, -B, and -C with killer cell 
immunoglobulin-like receptors (KIR) were gradually established[33]. 

6. NKG2D 

The NKG2D immune receptor is expressed in most NK cells[34]. The expression of NKG2D in dNK 
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cells decreased during the first trimester, but increased during the second trimester[35]. NKG2D belongs 
to the C-type lectin receptor family, and its ligands are MICA and MICB, which are MHC class Ⅰ 
homologs[36]. Human stress-induced interaction of MHC Class Ⅰ chain (MIC) related proteins A and B 
(MICA/B) with their homologous receptor NKG2D is an immune escape mechanism. The MIC 
molecule is the ligand of NKG2D, a receptor activated by NK cells expressed on the surface of human 
NK cells. The MIC molecule can act as a cellular stress signal in vivo and trigger a series of immune 
effect functions. The mutual recognition and cross-linking of the MIC molecule and the NKG2D 
receptor enable immune cells to recognize and attack the emerging stress cells externally. No MHC 
Class I expression or antigen recognition is required; Therefore, it can be said that the MIC/NKG2D 
interaction is an effective immune surveillance mechanism[37]. 

In addition, the activation of phosphatidylinositol-3-kinase (PIK3) is required for the formation of 
NKG2D immune synapses; In human NK cells, NKG2D receptor stimulation signals can be mediated 
by related DAP10 adaptors. NKG2D itself is involved in stimulating NK cells to form immune 
synapses and can recruit NKG2D to central synapses. In this process, the binding site of PIK3 is 
essential. It is also sufficient to recruit DAP10 to the immune synaptic site of NK cells prior to 
stimulation of new signal transmission[38]. During female pregnancy, maternal immune tolerance to the 
fetus is closely related to many immunosuppressive factors produced by the placenta. Placenta-derived 
exosomes appear in maternal immune tolerance as a new immune regulatory factor. Exosomes are 
membrane-like nano-sized vesicles with well-defined morphology, secreted by the fusion of endosomal 
polycystic bodies (MVB) with the plasma membrane. Exocrine bodies transmit cell-to-cell contact by 
proxy. During contact, exosomes transfer molecules associated with them, giving them new properties 
and reprogramming recipient cells. Human placental trophoblast cells are able to continuously secrete 
exosomes constitutionally throughout pregnancy, and these exosomes are transmitted directly in the 
maternal blood around the placental chorionic membrane. Exert its immunosuppressive function[39, 40]. 

MHC Class I chain associated (MIC) proteins A and B are expressed by the placenta during 
pregnancy, sorted in endosomal polycysts within syncytial trophoblast cells, and released by 
MIC-carrying exosomes[40]. The maternal immune response of NKG2D to the fetus at the 
maternal-fetal interface may lead to repeated abortion, and NK cells accumulate at the maternal-fetal 
interface and play an important role during pregnancy. On the surface of DNK cells, NKG2D ligands 
activate NK cells by binding to corresponding receptors. During normal pregnancy, syncytial 
trophoblast cells secrete soluble NKG2D ligands (MICA and MICB) into serum, interfering with 
NKG2D-mediated maternal anti-fetal immune response. These decreased levels of soluble NKG2D 
ligand are associated with increased levels of NKG2D in NK cells, and this process may be involved in 
the pathogenesis of RSA[41]. 

Hizem Sondes et al.[42]conducted an experimental investigation on the gene polymorphism of NK 
cell receptor NKG2D and its ligand MICA in recurrent abortion, aiming to explore the possible 
relationship between NKG receptor gene polymorphism and MHC Class I chain associated protein A 
(MICA) gene polymorphism and RSA. Allele identification was used to detect 7 single nucleotide 
polymorphisms (rs1049174, rs2255336, rs2617160, rs2617161, rs2246809, rs2617169, and rs2617170) 
and 1 of NKG2A gene in patients and control women One single nucleotide polymorphism (rs1983526) 
and one single nucleotide polymorphism (MICA129) of the MICA gene; The results also suggest that 
NKG2D gene polymorphism may affect the pregnancy success rate of women. According to literature 
review, it is found that current studies on NKG2D in obstetrics and gynecology mostly focus on the 
immune level of ovarian tumor and viral infection, while there are few studies on its role in the 
maternal fetal interface of recurrent spontaneous abortion. This can also provide a new direction for our 
research on the immune mechanism of spontaneous abortion. 

7. Conclusion 

The increase in the number of NK cells and their cell membrane surface receptors before and after 
conception in women with recurrent spontaneous abortion is an important clinical problem. Decidual 
NK cells are considered to be the main cell population of the embryo "rejected" by the mother 
(alloimmune abortion). According to the existing studies on the surface receptors of decidual NK cells, 
embryo rejection may be the result of the defect of the NK allorecognition system. In other words, the 
toxicity of decidual NK cells in patients with spontaneous abortion is closely related to the lack of 
epitope-matching between various receptors on the surface of NK cells at the maternal and fetal 
interface and their related ligand. The activation of decidual NK cells is not blocked through the 
weakened or missing of the matching between receptors and ligand, so that the killing effect of NK 
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cells plays a dominant role, enabling them to obtain the killing license. Allowing NK cells to destroy 
the trophoblast without hindrance, leading to pregnancy failure. The complexity of the immune 
recognition system associated with NK cells makes it difficult for researchers to analyze its effect on 
pregnancy outcome. Therefore, the research of immune or immune genetic mechanism in reproductive 
process is still a challenge for us to study natural abortion. Increase the research of KIR/HLA-C 
complex, several subtypes of NCR, NKp44/NKp46/NKp30, LIR/ILT/HLA-G complex, CD94/NKG2A 
complex and NKG2D. It is expected to contribute to a better understanding of the pregnancy model in 
which the immune receptors and ligands on the surface of NK cells at the maternal fetal interface play a 
role in mutual recognition, contribute to the etiological analysis of patients with unexplained 
spontaneous abortion, and even provide ideas for the treatment of patients with unexplained 
spontaneous abortion in the future, such as the study of targeted therapeutic drugs for related receptors 
and/or their related ligands[1]. 
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