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ABSTRACT: Pregnancy is a complex physiological phenomenon involving maternal-fetal communication. Uterine
natural killer (uNK) cells established a profound lymphocyte population in the early pregnant uterus. These cells
are closely linked with extravillous trophoblast (EVT) and spiral arteries and play a vital role in remodeling spiral
arteries, trophoblast invasion and placental development. The uNK cells are the potent releasers of cytokines and
growth factors; with close association to EVTs in the maternal-fetal interface, it drives an essential function in the
trophoblast. At present, limited studies are available explaining the significance of uNK cells in normal pregnancy and
pregnancy-associated problems. This review article elucidates the descriptive role of uNK cells in pregnancy problems
and their crosstalk with other immune cell components. Moreover, we will also discuss whether uNK cells become a

threat to pregnancy with clinical evidence.
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UNK CELLS

Natural killer (NK) cells are part of the predominant
innate lymphocyte with anti-tumor and anti-viral re-
sponses and therefore, utilized for therapeutic appli-
cations against health disorders [1]. NK cells are
localized in various tissue distributions and appear
in different phenotypic variations. These cells show
multiple activating and inhibitory receptors, which
identify the different responses of proteins on target
cells and regulate their cytolytic activity [2]. Several
articles have been published on the significance of NK
cells in immunologic and other biological perspectives.
In this review, the significance of uNK cells and their
involvement in pregnancy is presented.

CD56 superbright uNK cells exist in the human
endometrium before pregnancy initiates, then enlarge
and become more granulated in progesterone domi-
nant phase, followed by ovulation in the first trimester
of pregnancy [3]. Murine uNK cells mature once
the blastocyst implantation occurs, and they enable
reactivity to Dolichos biflorus agglutinin (DBA) af-
ter gestation day (GD) 5 and enhanced granularity
[4]. Moreover, murine uNK cells are less cytotoxic,
even consisting of granules encasing perforin and
granzymes [5]. There is rich lymphocyte aggregation
around the implantation site and close to the decidua
basalis consisting of mainly uNK cells, macrophages,
and dendritic cells [6]. In humans, two distinct

populations of uNK cells have been investigated in
mice, they are different in reactivity with DBA. The
expression of genes indicates that DBA+ uNK cells pro-
foundly elicit transcripts for angiogenic factors while
interferon gamma (IFN)-y transcripts control in the
DBA— subset [4]. The mesometrial lymphoid aggre-
gate of pregnancy (MLAp) is unique to pregnancy in
rodents which developed on GD 8. Mature uNK cells
are prominent in decidua basalis and MLAp nearly
half in entire pregnancy [6,7]. uNK cells experience
apoptosis starting from mid-pregnancy to onwards and
are prominent on GD 12 [7,8]. Expressing lectin-like
Lys49 receptors, recognizing the major histocompati-
bility complex (MHC) class I, is more prominent in uNK
than peripheral natural killer (pNK) cells. In contrast,
few receptors are slightly titled in humans against
the recognition of MHC ligands [9, 10] (Table 1). In
mice, uNK cells are also expressed killer-cell lectin-like
receptor G1 (KLRG1) more prominently in response to
PNK cell counterparts, showing a high level of mature
phenotype [9,11].

UNK CELLS IN PREGNANCY

uNK cells consist of around 70% of maternal lympho-
cytes in pregnancy. These cells reside in decidua basalis
and the MLAp surrounding the blood vessels that sup-
ply to the placenta. In early pregnancy, the cell number
is high but reduces at parturition [12]. uNK cells are
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Table 1 Classification of human NK cells in peripheral blood and decidua.

Characteristic

Peripheral blood NK cells

Uterine NK cells

CD5 6bright
CD16™

CD56superbright
cplé

CD56dim
CD16%

% of total

5-30% circulating lymphocytes [61] Over 70% leucocytes in early pregnancy [62]

% of total NK cells 10% [63] 90% [63] 80% [62]
CD94 CD94biglt [64]  50% CD944m [63] CDY4PriEht [63]
Natural killer group 2 (NKG2)A/C/E + [65] + [65] ++ [65]
NKG2D +[66] +[66] ++ [67]
Killer-cell —[68] +[68] ++ [55]
Immunologobulin like receptors (KIR), NKP46 +[69] +[69] + [69]
CD9 —[65] —[65] +[65]
CD49a —[70] —[70] +[70]
CD57 —[55] 60% + [55] —[55]

+4, strong expression (bright); + weak expression (dim); %, expression only on a subpopulation; —, no expression.

large, granular, rounded, or oval lymphocytes. These
granular cells grow their size and number in the first
two weeks of pregnancy and differ in different species.
However, these behave as active cells in all species
having obvious organelles comprising mitochondria,
well-developed Golgi apparatus, free ribosomes, and
rough endoplasmic reticulum [13]. uNK cells display a
crucial role in human and mice pregnancy. Like other
NK cells, uNK cells do not perform an essential part in
the innate immune system; thus are not cytotoxic [14].
Across the pregnancy, uterus adaptation is required to
allow fetal growth. Fetal immune system plays essen-
tial role to make pregnancy successful. Disruption in
the mechanism may have deleterious effect on preg-
nancy and eventually causes pregnancy disorders [15].
Amino acids being with antioxidant properties regulate
mammalian target of rapamycin (mTOR) signals which
is responsible for protein synthesis in placenta, uterus
and fetus and also maintain fetal growth and develop-
ment [16]. Moreover, lipopolysaccharide (LPS) is used
as a potential inducer of abortion during pregnancy.
Due to flavonoids’ strong antioxidant activities, it bears
a potential to mitigate LPS related pregnancy problems
[17].

The uNK cells once isolated from murine pregnant
uterus, encompass large cytoplasmic droplets that do
not have cytotoxic activity against their target cells
[18]. This great function of NK cells in the gravid
uterus left wonders because uNK cells since their dis-
covery are closely associated with trophoblast cells
lining the blood vessels. Previous findings assumed the
hypothesis that uNK cells in murine pregnancy regulate
placental vascular remodeling [12]. Transformation
in spiral arterioles occurs during pregnancy, resulting
in thin-walled vessels with large lumens [19]. It
is believed that this happens due to the compensat-
ing nutritional requirements of the developing fetus.
Research on mouse uNK cells helps to identify the
significance of remodeling. In mice with conventional
blood natural killer (cNK) cell deficiency, the anomalies
in spiral artery remodeling during placentation were
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rectified when IFNy was given systemically to animals
with defective cNK cells [20]. The remodeling defects
were fixed when bone marrow (BM) from NK-sufficient
mice, but not from IFNY_/ ~ mice, was used in chimaera
investigations. Furthermore, BM from IFNYy receptor-
deficient mice was recovered, suggesting that NK cells
can recover without the need for IFN. As a result, IFNy
produced by NK cells is involved in spiral arteriole
remodeling through the use of endothelial cells and
decidual stromal cells [21]. However, the specific
signaling network responsible for cytokine production
as well as uNK cell-dependent remodeling is largely
unknown.

ulNK cells are currently implicated in directly sup-
porting fetal growth via growth-promoting substances
for embryonic development prior to placental forma-
tion [22]. The tissue-resident natural killer (trNK)
cells release growth factors such as pleiotrophin, osteo-
glycin, and osteopontin. Reduced trNK cells produc-
ing these growth factors in nuclear factor interleukin
3Nfil3~/~ and aged mice influenced offspring devel-
opment and bone defects. Such fetal anomalies due
to deficiency of growth factors were repaired when
mothers offered reconstituted in-vitro expanded trNK
cells that release a sufficient growth factors [21]. Thus,
the research emphasized the novel function of trNK
cells in early embryonic development.

CROSSTALK BETWEEN INVASIVE TROPHOBLAST
AND UNK CELLS

It is reported that EVTs directly interact to uNK cells in
vivo [23], suggesting the interactions strongly regulate
activities of both molecules [13]. Moreover, EVTs
have a specific function of classical human leukocyte
antigen ¢ (HLA-C) and non-classical human histocom-
patibility leukocyte antigen HLA-E, HLA-E and HLA-
G class-I ligands, which possess immune activity of
acceptance of placenta/fetus [24,25]. This particular
composition of MHC supports EVT to regulate uNK
cell processes via conserved NK receptors. Although,
in vivo and ex vivo studies on NK receptor-EVT re-
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vealed a challenge to collect human pregnancy sam-
ples or primary Cholera toxin subunit B cultures and
then uNK cells extraction from pregnancy. Direct co-
culture of EVTs (using trophoblast-derived cell line
HTR-8/SVneo cells) with uNK cells was reported to
show a high level of survival of uNK cells and downreg-
ulation of stimulating natural killer group 2 member
D (NKg2D) receptor [26]. These data must be taken
into account that HTR-8/SVneo cells elicit a different
response of HLA proteins which are not evident from
EVTs [27].

The earlier mentioned class-I MHC molecules on
extracellular trophoblasts communicates with several
NK receptors. Then either it activates or suppresses
signals showing a cytotoxic response of uNK cells or
releasing cytokines [24]. uNK cell receptors are poly-
morphic killer Ig-like receptors (KIRs) with 2D or 3D
immunoglobulin-like domains that include activation
or inhibitory signals. Inhibiting KIR2DL1, KIR2DL2,
and KIR2DL3 on uNKs, as well as receptors, suppresses
signaling activity via a particular immunoreceptor
tyrosine-based inhibition motif (ITIM) [28]. KIR2DS1
and KIR2DS4 [25] indicators are used to stimulate
uNK KIRs, though their receptor KIR2DL4, which is
primarily found in endosomes can also transmit active
signals [29]. The KIRs attach with numerous cells
within decidual tissue comprising EVTs [30]. Once
particular haplotypic HLA-C expression occurs, the KIR
genes differ between individuals, demonstrating the
immunologic complexity of the uNKs-EVT response
throughout pregnancies [31].

The HLA-E protein first occurs in EVTs in the 5th
week of pregnancy and then disappears by the 7th
week, showing its significant impact on implantation
or trophoblastic development. HLA-E suppressing
signals are controlled by the dimeric CD94/NKG2A
receptor [32]. Published literature highlights that
CD94/NKG2A shows prominent inhibitory signs that
mostly overload activating inputs [28]. However, it
is unclear that the role of EVT-derived HLA cells dur-
ing pregnancy is to avoid uNK cell cytotoxicity. Tro-
phoblast cells do not increase death in CD94 function-
blocking studies [32], indicating that CD94/NKG2A
may have additional activities at the maternal-fetal
interface that have yet to be uncovered.

INTERACTION OF EVT VIA UNK CELLS

The uNK cells are potent releasers of cytokines and
other factors; with close association to EVTs in the
maternal-fetal interface and drive significant functions
of the trophoblast. In this connection, uNK cells
produced a media; that alters in particular biological
mechanisms of primary trophoblast, enabling cell in-
vasion [33]. More particular, soluble substances gener-
ated from uNK cells taken between 10 and 13 weeks of
gestation age points are linked to pro-invasive effects
of UNK cell-produced media. The soluble factors, on
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the other hand, are secreted by uNK cells during the
first trimester of pregnancy. As a result, they had no
pro-invasive properties in EVTs, implying that the uNK
cell factors’ composition affected the process related
with gestational age and the effect of uNK cells on EVT
biology is associated with developmental stage [34].

Several factors released by uNK cells have been
identified, and interestingly, most of the receptor ex-
pressions are presented on primary events. For in-
stance, uNK cells release significant amounts of in-
terleukin (IL) 8, tumor necrosis factor (TNF), IFNYy,
transforming growth factor-beta (TGFB1), C-X-C motif
chemokine ligand (CXCL10), and angiogenic factors
such as vascular endothelial growth factor A (VEGF-A),
VEGF-C, and prostaglandin-F [34]. Ex-vivo investiga-
tions using primary EVTs and immunolocalization in
implantation sites revealed that invasive trophoblasts
near the maternal-fetal contact express ligand recep-
tors. For instance, it exerts C-X-C motif chemokine re-
ceptors (CXCR1 and CXCL-10 (IL-8 and CXCR3) while
the TNFR1, VEGFR-1, and VEGFR-3 bind VEGF-A and
VEGE-C, respectively [34, 35]. Of note, the supplement
approach with IL-8 and CXCL10 has increased migra-
tion of primary cytotrophoblasts [34]. Similarly, sup-
pressing ligand binding to VEGFR-1 and VEGFR-3 re-
duced trophoblastic invasion [36]. Furthermore, uNK
cell-conditioned medium with lower VEGF expression
influenced overgrowth more than controls [23]. TNF
and IFN-y, on the other hand, hampered trophoblast
migration and invasion by increasing plasminogen ac-
tivator inhibitor production and altering matrix met-
alloproteinases induced proteolysis [37]. Altogether,
the factors derived from uNK cells cannot regulate EVT-
associated processes in-vivo. Elucidating the romance
amid triggering or restricting invasive features in EVTs,
uNK cells might be a key player in a cellular component
in the decidua, which regulates the penetration of EVT
invasion and expanding trophoblast triggered spiral
artery remodeling.

MATERNAL-FETAL TOLERANCE AND UNK CELLS

Most of the research regarding uNK-trophoblast in-
teractions has reported that the probability of involv-
ing uNK cells triggered via infection or inflammation
could exert cytotoxic response against semi-allogeneic
fetus and trophoblast. Therefore, undergoing dis-
order linked miscarriage and other pregnancy prob-
lems. Several research on primary syngeneic uNK cell
— trophoblast co-cultures offered conclusive evidence
that expressing trophoblasts (HLA-G- and non-HLA-G)
are resistant to the direct lethal effects of uNK cells
[23]. However, uNK cells avoid killing trophoblasts,
even being used as stimulators for activation, though;
the uNK cells preserve pro-cytotoxic products. Such
effect behaves as an active cellular immune response
to viral infection in maternal uterine stromal cells,
showing that the trophoblast is immune fortunate
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Fig. 1 Acquirement of inflammatory response via uterine regulatory T cells.

[23]. On the other hand, studies in mice indicate
that uNK cells may acquire anti-trophoblast features.
For instance, irregular stimulation of uNK cells against
inflammation triggered by bacterial endotoxin [38]
or allo-immunogenic responses [39], influences pla-
centa function and eventually threat to fetal survival.
Although it has been established that uNK cells are
changed in pre-eclampsia and intra-uterine growth
restriction (IUGR), there is evidence of contradictory
results. Reduction in the level of uNK cells has been
identified in IUGR using diverse methods [40].

Pre-eclampsia has been linked to higher levels
of overall uNKs or the CD56+/CD16+ subset [41].
Presently, studies have shown that normal maternal
health is linked with low-grade inflammation (obe-
sity), which triggers activation of uNK cells and alters
the interaction of uNK cells with fetal MHC ligand
[42]. The uterine environment has been shown to alter
uNKs processes, however aberrant regulation of uNKs
in humans has been shown to affect trophoblasts, but
more research is needed.

INTERACTIONS BETWEEN TREGS/DNK CELL AND
MACROPHAGE/DNK CELL

The pregnancy bears immune tolerance due to fetal
growth. Treg cells play a key role in endometrial
receptivity and embryonic growth in humans and mice
[43]. The reduced level of Treg cells has been reported
in women with recurrent spontaneous abortion (RSA)
and pre-eclampsia [44]. The findings have shown that
mice with Treg deficiency have a problem in establish-
ing spiral arteries [45].
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The key regulators of the implantation process
in mice are dendritic cells (DCs) [46]. DCs have
been found to mediate Treg cells via indoleamine 2,3-
dioxygenase (IDO), a dependent method for binding
other immune responses [47]. However, additional
research has revealed that IDO-deficient animals had
normal gestations [48]. These data suggest that preg-
nancy is a mechanism of immunotolerance with no
impressive evidences. However, the activation of these
Treg cells is not investigated yet. In decidual tissues,
dNK cells locate closely with particular myelomono-
cytic CD14(+), dCD14(+) cells. When dCD14(+) cells
engage with uNK cells, they produce IDO, which can
activate Tregs and is regulated by TGF-B. Surprisingly,
co-culture of NK with CD14(+) cells isolated from
peripheral blood is ineffective [49]. These findings re-
vealed that new information on the mechanism of Treg
cell growth. CXCL16 has been found in trophoblasts
during early pregnancy. CXCL16 and CXCR6 major
receptors are mostly found on selected leukocytes,
which stimulate trophoblast proliferation and invasion
in an autocrine way [50]. Fig. 1 shows the acquired
inflammatory response via uterine regulatory T cells.

UNK CELLS IN PREGNANCY DISORDERS

Pregnancy is a sophisticated mechanism through which
the mother and the fetus communication take place.
In animals, over 20% of pregnancies resulted in em-
bryonic loss [51]. Multiple factors such as genetics,
epigenetics, hormonal balance, immunological toler-
ance, and angiogenesis all influence pregnancy. Fe-
tal growth in pregnancy requires cellular expansion,
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Fig. 2 The harmful effect of uNK cells during pregnancy.

differentiation, and the development of different or-
gans. Unfortunately, the knowledge of fetal growth
is minimal. For successful reproduction, fetal devel-
opment must be pivotal. Irregularities in this mecha-
nism may cause pregnancy problems such as infertility
and spontaneous abortion. Embryo survival in uterus
relies on several factors like cellular and molecular
cascades in the uterine microenvironment [52], hor-
mones, cytokines and growth factors in different cells
that may influence pregnancy results. The proper cells
and their particular mechanism directly involved in
pregnancy outcomes are unknown. The lack of liter-
ature on cellular contributors that regulate pregnancy
losses limits the experiments’ effective design [53].
A deep understanding of the molecular and cellular
mechanisms is required to devise therapeutic strategies
against pregnancy-associated illness. At present, less
information is available on the role of uNK cells in preg-
nancy. Fu et al [22] employed sophisticated technology
to discover that NK cells stimulate embryonic growth
by releasing growth-promoting substances. Surpris-
ingly, transplanting uterine NK cells from healthy mice
reversed the negative effects of NK cell deficiency on
pregnancy in NK cell-deficient transgenic mice and
elderly animals. This scenario depicts the uterine
microenvironment’s impact on NKs during pregnancy
[53].

CLINICAL EVIDENCE

The studies have proved that NK cells and Tregs have
been involved in RSA, repeated implantation failure

and gestation problems [54]. Recurrent spontaneous
abortion mainly influences 1-3% of all pregnancies.
It has been enumerated that immune system may
contribute in unexplained RSA. However, because uNK
cells differ from peripheral blood natural killer cells
(pBNK) in terms of phenotypic and functional char-
acteristics, equivocal findings suggest that pBNKs may
use a variety of uNK cells’ patterns in women with in-
fertility and RSA. Furthermore, the majority of studies
have found increased cytotoxicity in NK cells in the
peripheral circulation. The deleterious effect of uNK
cells on pregnancy is depicted (Fig. 2).

Meanwhile, the percentage of NK cells in healthy
individual blood varies; determining the proportion
of these cells in RSA or infertility is difficult [55].
Furthermore, because uNK cells are less lethal than
circulating cells, quantifying pBNKs, which may be
unable to transmit information to patterns of uNK cells
[55]. It has been shown that the decidua of women
with history of RSA, increases numbers of granulysin-
positive and CD56"8" NK cells [56]. Intriguingly, uNK
cells have been reported to enhance immunological
tolerance and fruitful pregnancy via suppressing Th17
cells [57]. These explanations indicate that NK cells
potentiate the immune system and are absent in RSA
patients but gathered with an increased level of Th17
response and scattering local inflammation. As afore-
mentioned, deficient decidua IL-10 in RSA patients has
been associated with inflammatory response [58]. In
normal pregnancy, when uNK cells and Tregs release
a lot of IL-10, it inhibits Th17 activities [59]. It is
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believed that disruption in uNK cells will result in local
inflammation [60].

CONCLUDING REMARKS

For a successful pregnancy, a healthy and well-
coordinated immune system is essential. Unfortu-
nately, this mechanism may interfere with the im-
mune system around maternal-fetal interface, result-
ing in gestation ailments. The uNK cells consist of
more than seventy percentage maternal lymphocytes
in pregnancy. They display function in human and
mice pregnancy, observed higher in early pregnancy
and declines around parturition. At present, uNK cells
directly stimulate fetal growth before the placental
establishment.

Moreover, the uNK cells are responsible for in-
ducing cytokines, growth factors and their affiliation
to EVTs around maternal-fetal interface; they perform
several functions in the trophoblast. The uNK cells
trigger numerous factors, expressed over the surface
of primary EVTs. For example, uNK cells secrete a
profound level of IL8, TNE IFNFy, TGFB1, CXCL10 and
angiogenic factors. The interaction of uNK cells with
trophoblast through infection or inflammation shows
cytotoxic response; therefore, the condition is associ-
ated with miscarriage. A fruitful pregnancy requires
maternal immune tolerance for the developing fetus.
Treg cells play an essential role in embryo development
and endometrial receptivity in humans and mice in
this scenario. The declined level of Treg cells has
been noticed in RSA and pre-eclampsia. Pregnancy
is a choreographed process in which uNKs play a
key role, interruption in uNk cells might be involved
in pregnancy-related problems. The clinical studies
suggest that uNK cells and Treg cells are involved in
pregnancy disorders. A deep understanding of the
molecular and cellular mechanisms of uNK cells and
their interaction with other cellular components are
required for alternative therapeutic options against
adverse pregnancy outcomes.
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