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ABSTRACT 
The homeostasis is maintained by the immune 
system which is constituted a network of organs, 
cells and molecules that act to combating the 
assaults affecting the body. The immune func- 
tion has been conceptually divided into innate 
immunity and acquired immunity. Among the 
effector cells of innate immunity are the natural 
killer cells (NK), they play an important role in 
the reproductive immunology in the establish-
ment and maintenance of pregnancy and fetus. 
The study of the biological mechanisms invol- 
ved in the maintenance of pregnancy contrib-
utes to increase knowledge about immune tol-
erance. The way in which the immune system is 
modulated, and the study of the recognition 
systems maternal innate and adaptive occurring 
during pregnancy, allow to understand the sur- 
vival of the fetus. The aim of this review was to 
present the main functions of NK cells and de- 
scribe their role in the process of trophoblastic 
invasion in the deployment process, in the ma- 
ternal-fetal interaction and development of the 
fetus. The knowledge of the precise role of NK 
cells is necessary, because these cells may be 
responsible for reactions which lead to embry- 
onic and fetal loss during the organogenesis 
process. 
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1. INTRODUCTION 

The implantation process is a key requirement for re-

production in viviparous species. The processes by which 
a blastocyst is accepted by the maternal endometrium are 
complex and require the interaction of different systems, 
including the immune system. Implantation occurs dur- 
ing a specific time within the “window of implantation” 
in which the maternal endometrium becomes receptive to 
the blastocyst, which is ready for invasion. The process 
of implantation and the maternal-foetal interaction dur- 
ing pregnancy represent a peculiar histoincompatible 
immunological status, which is characterized by the rela-
tionship between the foetal antigens and the maternal 
immune system [1]. 

Natural killer (NK) cells are lymphocytes that partici- 
pate in the innate immune system (natural) as the first 
line of defence and appear to play a key role in reproduc-
tive immunology [2,3]. It is believed that immune system 
cells, NK cells in particular, are crucial for the induction 
of tolerance of the blastocyst during implantation. NK 
cells secrete an array of cytokines that are important 
during angiogenesis; therefore, these cells may contrib- 
ute to placental development and the establishment of 
pregnancy [4]. 

NK cells are the most recently described of the im- 
munocompetent cells and are still under investigation [5]. 
NK cells are large granular lymphocytes that populate 
the pregnant uterus and function in the immune surveil- 
lance against pathogens during pregnancy, protecting the 
mother and foetus. Important functions of these cells 
include migration and the secretion of extracellular ma- 
trix proteins and cytokines [6].  

Phenotypically, NK cells are characterized by the ex- 
pression of CD56 and CD16 receptors on the surface 
[2,7]. Based on the concentration of the CD56 antigen, 
NK cells can be divided into two subpopulations, 
CD56dim and CD56bright. CD56dim cells demonstrate high 
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cytotoxicity in vitro, whereas CD56bright cells exhibit a 
low cytotoxic capacity; however, the CD56bright cells 
produce important immunoregulatory cytokines, particu- 
larly interferon-gamma (IFN-γ) [2,8,9]. Approximately 
90% of peripheral NK cells are CD56dim and express 
high levels of CD16, and the remaining 10% are 
CD56bright with minimal or no expression of CD16. Sev- 
eral studies have demonstrated that peripheral NK cells 
do not change during the menstrual cycle; however, a 
numerical and functional decrease has been observed 
during pregnancy [2,8]. 

Studies have shown that endometrial NK cells partici- 
pate in embryo-maternal interactions during implantation, 
trophoblast invasion, placentation, and foetal develop- 
ment, which represents a new perspective in the field of 
reproductive immunology [10]. 

An increase in the number of uterine natural killer 
(uNK) cells has been associated with reproductive failure. 
The reproductive failure mechanisms associated with a 
high uNK cell density are increased angiogenesis and 
blood flow during peri-implantation, which can lead to 
early maternal circulation and cause pregnancy failure 
because of excessive oxidative stress. Given the impor- 
tance of uNK cells for the establishment and mainte- 
nance of pregnancy, the purpose of this review is to col- 
late data on the possible implications of endometrial NK 
cells in the process of embryo implantation and the de-
velopment and progression of pregnancy.  

2. FUNCTIONS OF NK CELLS ASE OF  
USE  

The actual functions of NK cells are unknown [11]. 
NK cells are considered “non-specific” lymphocytes 
because they kill infected and transformed cells without 
prior sensitization. However, NK cells exhibit a well- 
defined specificity, which is sometimes rather subtle, and 
contain a complex system of receptors [12]. Cytotoxicity 
is the best characterised effector function of NK cells, 
and in humans, these cells efficiently lyse abnormal cells 
that do not express HLA-I or express inadequate amou- 
nts of HLA-I [13]. The recognition of appropriate targets 
is the first key step in the activation of cytotoxicity. 
Therefore, although NK cells express conventional acti- 
vating receptors, they also constitutively express inhibi- 
tory receptors [12]. The inhibitory receptors regulate 
NK-cell activity by interrupting intracellular signalling 
when major histocompatibility complex class I (MHC-I) 
molecules are properly expressed; activating receptors, a 
number of which have ligands that are not MHC-I mole- 
cules, initiate the NK cell responses against infected cells 
[14]. 

The activity of NK cells is regulated by their interact- 
tion with cytokines and other factors. Although they are 
components of the innate immune response, NK cells 

also interact constantly with the adaptive immune re- 
sponse. These cells can lyse antigen-presenting target 
cells that are recognised as non-self or cells that do not 
express self-molecules on their surface. Human leuko- 
cyte antigen (HLA) molecules interact with the NK-cell 
inhibitory receptors, known as killer-cell immunoglobu- 
lin-like receptors (KIR), to protect the trophoblast cells 
(at the maternal-foetal interface) against the NK cell-me- 
diated lysis that occurs because of the low expression of 
MHC class I molecules [15-17].  

It was reported that NK cells constitute 50% - 90% of 
the leukocytes in the decidua, whereas B and T cells are 
rare cell types in this region [18]. The NK cells in the 
decidua are different from those found in the peripheral 
blood; uNK cells are specialised in the secretion of cyto- 
kines. Through this secretion, NK cells regulate the lev- 
els of the cytokines responsible for changes in the ana- 
tomical compliance of the decidual arteries. The decidual 
spiral arteries undergo a remodelling process to provide 
the necessary nutrients for the development of the em- 
bryo/foetus [11]. There is an interaction between the 
non-classical (HLA-G and HLA-E) and classical (HLA- 
C) MHC class I antigen-presenting molecules during the 
arterial remodelling [18]. 

During pregnancy, uNK cells are found in close pro- 
ximity to the implantation site and in intimate contact 
with the extravillous trophoblast [19]. The increase in 
uNK cells in early pregnancy, their hormonal dependence, 
and strong proximity to the trophoblast suggest that 
uNKs play an important role in regulating the maternal 
immune response to the foetal allograft, controlling the 
trophoblast growth and the invasion and development of 
the placenta during human pregnancy [19]. 

3. ROLE OF NK CELLS IN  
TROPHOBLASTIC INVASION  

To establish a normal pregnancy, the trophoblast must 
physiologically invade the maternal decidua, creating a 
low-resistance blood flow to promote adequate oxygena- 
tion for the development of the foetal placental unit and 
decreasing the influence of vasomotor variations [9]. 

Trophoblast cells exhibit specific immunological cha- 
racteristics, particularly with respect to the expression of 
HLA; the cells express HLA-C, HLA-G, and HLA-E but 
do not express the non-classical histocompatibility mole- 
cules A, B, DR, DQ, and DP, which is a potential expla- 
nation for the maternal non-rejection of the foetus [20]. 
Although the biological function is not understood com- 
pletely, the HLA-G molecules expressed by trophoblast 
cells appear to protect against the lysis mediated by NK 
cells [21,22]. 

The cytokines produced by the mother can act as a 
placental growth factor, limit trophoblast invasion, and 
mediate tissue remodelling. The proliferative and inva- 
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sive nature of the trophoblast must be regulated precisely 
to ensure that the endometrium remains intact and is not 
invaded by the growing placenta. This regulation is me- 
diated in part by selective cell apoptosis, a process that 
does not alter the normal structure of the tissue [23]. It 
was also demonstrated that the protective effect resulted 
from the binding of trophoblast cells to the inhibitory 
receptors in NK cells, known as killer cell immunoglo- 
bulin-like receptors (KIRs) [23]. These receptors trans- 
mit inhibitory signals that inhibit the activation of NK 
cells. 

The trophoblastic invasion is highly regulated, and 
uNK cells play a key role in controlling this process [11]. 
Endometrial NK cells exhibit important functions during 
trophoblast invasion through the production of cytokines, 
which involves mechanisms such as cytotoxicity and the 
induction of apoptosis in trophoblastic cells [24]. 

In vitro studies involving a number of the cytokines 
and growth factors produced by endometrial NK cells 
demonstrated the inhibitory effect of a number of factors, 
such as TNF-α and IFN-γ [25]. It reported that IL-5 
stimulates uNK cells in vitro, which in turn stimulates 
trophoblastic and cytotrophoblastic invasion [26]. In vi- 
tro studies demonstrated the interaction between the tro- 
phoblast and uNK cells [9]. These interactions induced 
the production of several cytokines and growth factors 
related to placental development, including the following: 
1) tumour necrosis factor (TNF-α); 2) interferon gamma 
(IFN-γ); 3) granulocyte macrophage colony-stimulating 
factor (GM-CSF); and 4) macrophage inhibitory factor 
(MIF) [9,24,25]. 

NK cells maintain close contact with the extravillous 
trophoblastic tissue and express receptors that recognise 
the surface antigens in trophoblast cells. Unlike periph- 
eral NK cells, endometrial NK cells exhibit low cytotox- 
icity against the trophoblast. The extravillous trophoblast 
cells do not express the human leukocyte antigen (HLA) 
class 2; however, HLA class 1 molecules are expressed 
in trophoblast cells and are recognised by endometrial 
NK cells [24].  

It has been suggested that an inappropriate trophoblas- 
tic invasion mediated by endometrial NK cells is one of 
the mechanisms responsible for early pregnancy loss [27]. 
Studies have reported a higher number of NK cells in the 
decidua after the miscarriage of foetuses with chromo- 
somal abnormalities compared to chromosomally normal 
foetuses [28], demonstrating that endometrial NK cells 
play an important role in the trophoblastic invasion pro- 
cess. 

4. ROLE OF NK CELLS IN THE  
PLACENTATION PROCESS 

NK cells are the predominant cell type found in the 
human placenta in early pregnancy [29]. These cells con-

stitute 60% to 70% of the total lymphocytes in the pla- 
centa and are located in the glandular epithelium of the 
endometrium and around small arteries [30]. The func- 
tion of the NK cells during this period has not been es- 
tablished; however, the cells are assumed to be essential 
for placental development and at the maternal-foetal in-
terface [29]. Most hypotheses regarding the potential 
functions of these cells are derived from detailed inves- 
tigations performed in mice and humans exhibiting a 
haemochorial placenta. In these studies, NK cells were 
detected during the decidualization of the placenta and 
participated in endometrial angiogenesis [31,32]. In cat- 
tle, studies have demonstrated that the distribution of 
lymphocytes was lower in the caruncular and interca- 
runcular regions of pregnant cows compared with non- 
pregnant cows. In addition, a significant reduction in the 
number of lymphocytes in the bovine uterine epithe- 
lium was observed between 19 and 27 days after fertili- 
sation [33]. 

The interaction of NK cells with CD1d in trophoblast 
cells plays a specific role at the maternal-foetal interface, 
promoting the active induction of immune tolerance and 
the development of the placenta [34]. In the absence of 
uNK cells, significant changes occur in the endometrium, 
such as modifications to the decidual arteries, hypocellu- 
larity or necrosis of the decidua, and decreases in pla- 
cental development [35]. It is presumed that the presence 
of uNK cells in the maternal-foetal compartment is es- 
sential for the appropriate growth of the placenta [36]. 

During pregnancy, the architecture of the spiral arter- 
ies is significantly modified by angiogenesis, which de- 
velops and establishes a flow adequate for decidual de- 
velopment and embryo implantation. The perivascular 
location of the endometrial NK cells and the detection of 
vascular endothelial growth factor (VEGF) expression 
suggest the participation of these cells in the placental 
development process [27]. 

The remodelling of the spiral arteries is a key charac- 
teristic of early placental development in human preg- 
nancy, and the failure of this process has been associated 
with severe problems and complications during preg- 
nancy, including preeclampsia, foetal growth restriction, 
and miscarriage [4]. The uNK cells are often clustered 
around the spiral arteries and arterioles during the early 
phase of pregnancy, and this distribution may reflect the 
role that uNK cells play in mediating vascular changes 
during pregnancy [11]. 

In vitro models using chorionic arteries from full-term 
human placentas and myometrial arteries from non-preg- 
nant individuals demonstrated that uNK cell supernatants 
at 8 - 10 weeks of gestation initiate the separation of 
vascular smooth muscle cells, promoting vascular dif- 
ferentiation [37-39]. It reported that uNK cells stimulate 
the angiogenesis of endothelial cells in vitro and in vivo, 
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leading to an assessment of the contribution of these cells 
to placental angiogenesis during pregnancy [26]. A pos- 
sible role for uNK cells during this process is the devel- 
opment of vascular smooth muscle in newly formed ves- 
sels [11]. It was observed a large number of uNK cells 
around the uterine arteries in Cricetidae rodent placentas, 
demonstrating the migration of these cells during pla- 
centation during blood vessel remodelling [40]. 

5. ROLE OF NK CELLS IN THE  
EMBRYO-MATERNAL INTERACTION 

During pregnancy, the embryo is recognised by the 
maternal immune system without triggering an immune 
response against the permanence and development of the 
embryo, which occurs under any other circumstances 
involving exposure to antigens. Therefore, the maternal 
immune system ensures a favourable environment for the 
development of the foetus. This phenomenon is termed 
“immune tolerance” [41]. 

The primary sites of direct contact between the cells 
derived from the foetus and the maternal immunocom- 
petent cells is the maternal-foetal interface in the uterus 
(particularly at the site of implantation), in the maternal 
arteries, and in the intervillous space in the human pla-
centa [42]. 

Several factors are involved in this complex immu- 
noregulatory network that results in the tolerance and re- 
gulation of foetal development and includes the recog- 
nition of the paternal major histocompatibility complex 
(MHC) (expressed by the embryo), the control of the di- 
rect cytotoxicity of uNK cells, the activity of regulatory 
T cells, the release of different cytokines, and the hormo- 
nal influence on the maternal immune system [43]. 

Throughout pregnancy, the immune response is modu- 
lated at the maternal-foetal interface. In addition to spe- 
cialised immune cells, cytokines can be derived from the 
activation of T helper cells and from the activity of ma- 
crophages and NK cells in the innate immune response 
and in the decidual epithelium and placental stroma, 
which are the sites of partial induction of maternal toler- 
ance [44,45]. 

The MHC class I is critical for antigen presentation to 
cytotoxic T cells and NK cells and is present in almost all 
nucleated cells in the body; however, MHC class I is not 
expressed by the foetal trophoblast cells. This mecha- 
nism is crucial for placental and foetal protection against 
aggression by the maternal immune system [46,47]. 

The maternal-foetal interface is also characterised by 
the unique activity of complement regulatory proteins, 
uNK cells, macrophages, T cells of different phenotypes, 
and cytokines in the local environment [48]. In humans, 
the numbers of T and NK cells increase in the basal de- 
cidua (implantation site), suggesting that these cells ac- 
cumulate at the maternal-foetal interface and play an 

important role in the maintenance of implantation during 
pregnancy [49]. 

The actual function of NK cells in the maternal-foetal 
interface has not been defined clearly; however, several 
hypotheses have been proposed, such as the control of 
extravillous invasion, control of uterine vascular remod- 
elling, and local anti-viral action [50]. 

6. A ROLE OF NK CELLS IN FOETAL  
DEVELOPMENT 

Several studies have demonstrated numerous aggre- 
gates of T and B cells, macrophages, mast cells, and eo- 
sinophils in the normal human uterus. However, after im- 
plantation, the aggregates of T and B cells disappear, eo- 
sinophils and mast cells become scarce, and there is a 
clear predominance of NK cells and macrophages [51]. 

HLA-G is a molecule of great importance for the re- 
gulation of pregnancy and plays a key role in maintain-
ing an immunosuppressive environment for foetal ac-
ceptance [52]. The interaction of the HLA-G molecule 
with inhibitory or activating receptors on the surface of 
NK cells prevents the lysis of trophoblast cells [53] or 
activates the production of cytokines that promote the re- 
modelling of the vasculature in the maternal-foetal re-
gion, which is important for developing a proper oxygen 
supply to the foetus [18,24,54]. A new mechanism of im- 
munosuppression by HLA-G has been described in whi- 
ch activated T lymphocytes and NK cells acquire HLA-G 
via a membrane transfer mechanism termed “trogocyto-
sis”, and these cells exert an immunosuppressive func-
tion [55]. 

HLA-G effectively inhibits cells that could attack the 
foetus, such as NK cells. NK cells exhibit cytotoxic ac- 
tivity without the prior recognition of an antigen. In ad- 
dition to expressing activating and inhibitory receptors 
on their surface, NK cells recognise molecular patterns 
and are regulated by cytokines [56]. 

NK cells not only attack cells derived from the foetus 
but also secrete cytokines that induce inflammation. Al- 
though we associate an NK response as harmful to the 
foetus, these cells play an important role in early preg- 
nancy during vascular formation and the remodelling of 
the maternal-foetal interface region, allowing formation 
of the oxygen supply required for foetal development. In 
late pregnancy, the number of regulatory T lymphocytes 
and NK cells circulating in the blood decreases [57]. 

7. IDENTIFICATION OF UNK CELLS  

Uterine sections from pregnant rats demonstrated a 
selective reaction to staining with the lectin Dolichos 
biflorus agglutinin (DBA) at all gestation days, and this 
reaction was not observed in virgin uteri. The positive 
reaction to the DBA staining coupled with cytochemical 
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staining for periodic acid Schiff (PAS) on the cell surface 
and in the cytoplasmic granules of uNK cells was exam- 
ined by light microscopy. The DBA lectin reacted with 
the same cells that were stained with the PAS, suggesting 
the simultaneous use of these two staining techniques for 
the identification of these cells in the placenta of murine 
rodents. These data suggest the high selectivity of DBA 
lectin for the recognition of uNK cells [58]. Previous 
immunohistochemical studies of pregnant rat uteri using 
lectin to identify uNK cells have been reported [59,60]. 
The positive reactions on the cell surface and in the cy- 
toplasmic granules were inhibited completely by N-ace- 
tylgalactosamine (GalNAc), a specific inhibitory sugar of 
DBA lectin, which characterised the acquisition of gly- 
coconjugates containing GalNAc as a differentiation step 
in the lineage that was shown only by the NK cells that 
reach the pregnant uterus [61]. However, some authors 
[40] reported that although the DBA-lectin staining was 
not specific for uNK cells in the placenta of Cricetidae 
rodents and reacted in cells within the labyrinth, the en- 
dothelium of foetal capillaries, and the yolk-sac epithet- 
lium, the use of the cytochemical reaction for PAS cou- 
pled with the immunohistochemical staining for vimentin 
may help identify uNK cells in the developing placental 
disc. 

8. CONCLUSION  

There is no absolute evidence that uNK cells play a 
destructive role and attack placental or even embryonic 
cells during pregnancy. However, the abnormal regula- 
tion of NK cells in the uterus and/or in the blood can 
cause failures during implantation or embryo loss during 
pregnancy; studies have demonstrated the association of 
uNK cells with reproductive failure when found in small 
numbers in the pregnant uterus. Studies must be per- 
formed to demonstrate the activity of uNK cells during 
the different gestational periods to elucidate the effects of 
these cells in reproductive immunology. 
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