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Pesiome. NK-keTkn nmpencTaBiIsiioT co60it TUM@POLIUTHI, CITOCOOHBIE K KOHTAKTHOMY IIMTOJIM3Y BUPYC-
VHOUIIMPOBAHHBIX KJIETOK U OMYXOJIEBBIX KJIETOK U SIBJSIOIINECS UCTOYHUKOM IIUTOKWHOB, CTUMYJIUPYIO-
LIUX IPYTUE KIETKU UMMYHHOM CUCTEMBI M CIIOCOOCTBYIOIIMX Pa3BUTHUIO MUMMYHHOTO oTBeTa. JAnddepeHiim-
poBka NK-kieTok cBsI3aHa C ITOCIEA0BATEIBHBIM PUOOPETCHUEM CTBOJIOBBIMM KJIETKAMU CHeIIN(PUIHBIX
st NK-KJIeToK pelienTopoB U CTaHOBJIEHUEM (hYHKIIMOHAJIBHBIX XapaKTEPUCTUK HAaTypaJIbHBIX KAJLJIEPOB.
Llenpio HacTos1Iero 063opa 6610 paccMoTpenre CD564™ yu CD56MeEM monyassuunii NK-KjIeToK B mpolec-
ce nx nuddepeHIpoBKu. B 0630pe omicanbl moBepXHOCTHEIE pelenTtopbl NK-KIeTok 1 3KcIpeccus UMu
TPaHCKPUMILIMOHHBIX (DAKTOPOB Ha Pa3HbIX CTaaUsIX TUdDEepeHIIUPOBKY, IIPeACTaBIeHa CpaBHUTEIbHAS Xa-
PaKTepUCTHUKA JAHHBIX O BIIMSIHUM LIMTOKUHOB M KJIETOK MUKPOOKPYKE€HUS Ha Impolecc AuddepeHIIMpOBKU
NK-kneTok, paccMoTpeHo siBlieHue cyiectBoBaHus NK-KJIeTOK, TOTOOHBIX KJieTKaM naMsITh. OcoObIii MH-
Tepec npeacrasiseT nuddepeHmpoBka NK-KIeToK MaTKU, TaK KaK 3TH KJIETKHU SIBJISTIOTCS 0COO0 ITOMmyJIsi-
uueit NK-kietok, KoTopas npeobdjiagaeT cpean TMM@OLIUTOB AeLUAYaTbHO 000J04YKM MpU 6EpeMEeHHOCTU
¥ IIPUHUMAET y4acTHe B IIpoliecce oOpa3oBaHUS U peMOICIMPOBAaHUS TJIAeHTHI. B 0030pe paccMoTpeHbI
ocobeHHocTU auddepeHHUpoBKU NK-KjIeToK MaTKu, YUUTHIBask BO3MOXHOCTb 00pa3oBaHUs 3TOM IOIy-
assuuu NK-knetok kak n3 NK-kieTok nepudepudyeckoil KpoBu, Tak 1 npoaudepanuu in situ. IzydeHue
0cobeHHOCTel (PYyHKIMOHANBHOTO cocTOosTHUS NK-KJIETOK MaTKM MO3BOJIUT B JaJIbHEHNIIIEM MPUOJIM3UTHCS
K nMoHuMaHuo poiau NK-kieTok npu 6epeMeHHOCTU U HapylleHUIo oKa3biBaeMoli NK-kieTkamu peryJis-
LMY B 30HE MAaTOYHO-TJIALIEHTAPHOI'O KOHTAKTa MPY NaTOJ0TU O6€peMEHHOCTU.
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Abstract. Natural killer (NK) cells represent a lymphocyte subpopulation which is capable of contact
cytolysis of virus-infected cells and tumor cells, being a source of cytokines which stimulate other immune
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cells and promote immune response. NK cell differentiation is connected with a consequent acquisition of
specific NK cell receptors by stem cells and formation of functional characteristics inherent to natural killer
cells. The aim of this review was to describe the CD56%™ and CD56%e" populations of NK cells in the course
of their differentiation. The authors describe NK surface receptors and expression of transcription factors at
various steps of the NK differentiation. We present comparative characteristics of data concerning cytokines
and cellular microenvironment influence upon NK cell differentiation, and examine a phenomenon of existing
memory-like NK cells. Uterine NK cell differentiation is of special interest, since these cells represent a
special NK cell population which prevails among decidual lymphocytes during pregnancy and participates in
the process of placental formation and development. This review considers some features of uterine NK cell
differentiation, taking into account a possibility of formation of this NK cell population from both peripheral
blood NK pool, and in situ proliferation. Moreover, functional studies of the uterine NK cells allow to get closer
to understanding the role of NK cells during pregnancy and abnormality of utero-placental bed regulation by

NK cells in cases of pregnancy failure.

Keywords: NK cells, differentiation, pregnancy, cell surface receptors, cytokines, uterine NK cells, decidual NK cells

Introduction

Natural killer (NK) are a part of innate immunity
system and represent lymphocytes, which are capable
of contact cytolysis of virus infected cells and tumor
cells and are the source of cytokines stimulating other
cells of the immune system and promoting immune
response development [3]. NK cells in humans are
present naturally in most organs and tissues, including
bone marrow, thymus, lymph nodes, blood, skin,
intestines, liver, lungs, uterus [6, 37]. NK cells are
often addressed as CD3-CD56" lymphocytes although
the expression pattern of NK cells includes variety
of receptors including killer immunoglobulin-like
receptors (KIR) [38], CD16 (Fcy-receptor I11), which
mediates antibody-dependent cellular cytotoxity
[25, 32], natural killer group (NKG) receptors,
cytotoxic receptors NKp30, NKp44, NKp46 [20]. NK
cells differentiation and development is connected
with the consequent change of repertoire of receptors
present in the cell and their acquisition of functional
properties. Studying different aspects of NK cell
differentiation in humans especially during pregnancy
is of special interest, because NK cells functional
and phenotypic specifics are closely connected with
healthy pregnancy.

1. Development of NK cells main populations

1.1. NK cells populations’ development in fetus

Mainly NK cells are present in tissues as
intraepithelial lymphocytes, however, NK cells can
also form cell clusters, such as in Peyer’s glands
and mesenterial lymph nodes [6]. In peripheral
blood, mature NK cells are characterized by broad
spectrum expression of KIR, having both activation
and inhibitory activity [2]. NK cell differentiation
and their expression of KIR begin at early stages of
fetus development [14]. Mainly, NK cells locate in
such fetus organs as liver and lungs, also NK cells
are present in fetal spleen. Less NK cells are found
in bone marrow and mesenterial lymph nodes [14].
Fetus NK cells are characterized by phenotype

CD77CD161*CD3-CD14CD19-CD45*, and also
by high expression of CD56 [19], as the result of
which it seems to be impossible to divide fetus NK
cell populations into CD56%™ and CD56en cells!
as in adults [14]. NK cell differentiation in fetus is
evaluated by level of NKG2A and CD16 receptors
expression. It has been demonstrated that the ratio
of NK cell populations NKG2A*CD16" (that can
be corresponded to CD56 population in adults),
NKG2A*CD16" and NKG2A- CD16" (that can be
corresponded to CD56%™ population in adults) does
not change at the gestational age from 15 weeks to 22
weeks, which indicates that NK cell differentiation
takes place before the 15" week of pregnancy [14].
The character of KIR receptor expression by fetus NK
cells varies depending on cell localization: the highest
expression of KIR is found in NK cells, localized in
fetus lungs. Like in adult organisms, an expression
of large repertoire of KIR is connected with NK cell
differentiation: the highest density of KIR is typical for
NK cell populations NKG2A*CD16* and NKG2A-
CD16". The expression of CD57, which is a marker
of terminal stages of NK cell differentiation, is set for
NKG2A-CD16" [14], which indicates higher maturity
level of these cells.

Comparing fetal NK cells and peripheral blood
NK cells in an adult person, it was stated that NK
cells of both groups can induce death of cells,
which were not expressing MHC-1 locus molecules.
However, compared to adult NK cells, fetal NK cells
are characterized by lower cytotoxic activity [14, 19],
but higher ability to respond to cytokine stimulation
(IL-12, IL-18) [14]. Fetal NK cells localized in lungs
contain perforin and granzyme B, while perforin and
granzyme B content increases as NK cells differentiate
from NKG2A*CDI16- in NKG2A-CDI16*, which
indicates maturation of functional apparatus of fetal
NK cells during differentiation [14].

' dim — low expression of receptor; bright — high expression of
receptor
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1.2. NK cells populations’ development in adults

1.2.1. Characteristics of two main populations of NK
cells (CD56"%" and CD56%™)

Inadultorganisms,themainsource ofhematopoietic
stem cells, which can differentiate in NK cells, is
bone marrow [2, 20]. NK cells can circulate [6] and
continue their differentiation in spleen, tonsils and
Ilymph nodes [20]. In secondary lymphoid tissue,
NK cell progenitors pass differentiation to the stage
of immature NK cells [20], which, in turn, develop
into NK cells with phenotype CD56%mCD]6Prieht,
prevailing in blood flow, and CD56>&*CD16%™ NK
cells, placed in liver, endometrium, decidua and
lymph nodes [3]. Recently CD56YeCDI16%™ NK
cells are viewed as precursors of CD56%mCD16brisht
NK cells [37]. While differentiation NK cells acquire
functional receptors, connected with their cytotoxic
function. In the beginning an expression of CD94/
NKG2A, NKp46, NKG2D receptors is observed, and
then an expression of KIR and CD16 receptors [37].

CD564mCD16" NK cells, present in peripheral
blood and spleen, are characterized by increased
cytotoxic activity and expression of broad spectrum of
KIR, as well as cytotoxic receptors NKp30, NKp44,
NKp46 [20]. While culturing of CD564mCD16b i
NK cells with K562 cells, an increase of IFNy,
TNFo, MIP-1a, MIP-1 production by NK cells was
demonstrated [9].

The CD356>ECD16%m population of NK cells
is mainly present in lymph nodes and tonsils, and
in blood, it makes up less than 10% of NK cell
population [20]. For CD56E"CD16%™ NK cells,
reduced cytotoxic activity and reduced expression of
NKp46 receptors is typical [20]. In presence of K562
the CD56b et CD16%™ population of NK cells does not
significantly change cytokine production, however,
with combined stimulation by IL-12 and IL-18
cytokines, it demonstrates an increased production
of IFNy compared to CD564mCD16*"NK cells [9].
Often the CD56 e CD16%™ population of NK cells is

combined with CD56*E"CD16-NK cells, indicating
the general population CD56ECD16/¢™ and noting
that the defining marker of these populations is CD56,
while CD16 does not mediate the main functional
properties of these cells [6, 20, 35]. As the result of
activation both in vivo (after etering lymph node with
afferent lymph) and in vitro NK cells with CD56Prht
CDI16%™ phenotype can acquire an increased content
of perforin and a phenotype of CD564™CD 16" E"™NK
cells: KIR" IL-7R- ¢c-kit (CD117-) CXCR3-CCR7-
CD62L- [6]. Table 1 shows information about the
surface receptor expression by NK-cells at different
stages of differentiation.

1.2.2. Transcription factors in NK cells development
process

Differentiation of NK cell is characterized by
expression of a certain set of transcription factors.
Using the analysis of expressed mRNA in the in vitro
model of human NK cells differentiation obtained
from umbilical vein, it was determined that at the stage
of transfer from stem cells to NK cell progenitors,
E4BP4 and TOX transcription factors participate [28].
While differentiation of NK cell progenitors into
mature NK cells an expression of the transcription
factors Ikaros, EGF1 and PU.1 is observed [28].
There is a high expression of transcription factors
EGR-2, ID-2, and T-bet at all stages of NK cell
differentiation. An expression of Gata-3 transcription
factor in NK cell progenitors decreases for the short
time and then restores to the initial level. High
expression of EGR-2, ID-2, T-bet, and Gata-3
factors is connected with their participation in all
stages of NK cell differentiation and in acquisition of
functional properties by NK cells [28]. Transcription
factor IRF-2, apparently, participates in maintenance
of differentiated NK cell pool, because a defect of this
protein results in an increase of intensity of NK cell
apoptosis [28]. It was also demonstrated in vitro that,
as the result of IL-12 impact on mature NK cells,
an expression of transcription factor ID3 mRNA

TABLE 1. SURFACE RECEPTORS OF HUMAN NK-CELLS DEFINING THE STAGES OF THEIR DIFFERENTIATION

Differentiation stage Localization Surface receptors
Hematopoietic stem cell Bone marrow [2, 20] CD34*CD384mCD45RA-CD10 [37]
Stage 1 Bone marrow [2, 20] CD34*CD117-CD94 CD16-CD45RA*CD10* [20, 37]

I CD34*CD117*CD94-CD16-CD45RA*CD10-
Stage 2 Secondary lymphoid tissue [20] CD161*IntegrinB7>%"[10, 20, 37]
Stage 3 Secondary lymphoid tissue [20] CD34-CD117*CD94-CD16CD11a*CD161*NKp44-CD56
[13,10, 37]

Stage 4 Liver, uterine endometrium, CD34-CD117+*-CD94be""CD167dm
CD5gPriont decidua, lymph nodes [3, 20] CD11a*CD56P9"NKp469m [3, 20, 37]
Stage 5 CD34-CD117-CD94*-CD16*"riehK|R*-

9 . Peripheral blood, spleen [3, 20] | CD569"NKp30*NKp44*NKp46*CXCR3-CCR7-CD62L-
CD56dm

[3, 6, 20, 37]

Stage 6 (Memory cell) Peripheral blood [30] NKG2A*CD94*NKp46*CD69* [30]

21



Muxaiinoea B.A. u op.
Mikhailova V. A. et al.

Meduyunckas Ummynonoeus

Medical Immunology (Russia)/Meditsinskaya Immunologiya

increases, while an expression of Gata3 and TOX
reduces [18].

1.2.3. Non-linear character of NK cells populations'
development

Despite the attempts to determine a sequence
of NK cell developmental stages, current data on
nonlinear character of NK cell differentiation
appear in literature, in particular, depending on
their localization and microenvironment. In the
experiments on mice, transformed by human plasmids
of cytokines IL-15 and Flt-3L, it was demonstrated
that from common progenitor of myeloid cells, for
which CD56:CD36'CD33*CD34"NKG2D-NKp46-
phenotype is typical, myeloid progenitors of NK cells
with CD56¢mCD36"CD33*CD34-NKG2D-NKp46-
phenotype are differentiated. Then, these progenitors
of NK cells acquire a phenotype of CD56"€"CD36-
CD33-CD34NKG2D*NKp46*NK cells [7]. The
investigation also determined presence of myeloid
progenitors of NK cells in humans in umbilical vein
blood, as well as in fetal bone marrow and in bone
marrow of an adult human [7]. Furthermore, it
described presence of special populations of NK cell
progenitors with DX5CD49a* phenotype, which
were formed in the liver from CD45.1"NK1.1-CD3-
CD19-NK cells of the spleen and were not detected in
bone marrow [26].

1.2.4. Phenomenon of “memory-like NK cells”

Currently, a possibility of existence of memory-like
NK cells, which may be formed both by CD56 " and
CD56%m NK cells [30] and be a final stage of NK cell
differentiation, is discussed in literature [37]. The term
memory-like NK cells, which means NK cells similar
to memory cells, is used in literature. Some scientists
point out three possible variants of memory-like NK
cells, which differ by mechanism of formation and
functional characteristics: virus dependent induction,
cytokine induction, and existence of specialized
population of memory-like NK cells in liver [24].
A capacity of NK cells, previously activated by 1L-12
and IL-18 cytokines, after a certain period of time
(from 7 to 21 days) at repeated cytokine stimulation
to produce an increased number of [FNy compared
to control was described [30]. At the same time, NK
cell cytotoxicity evaluated by CD107a does not differ
between the so-called memory NK cells and intact
NK cells [30]. As NK cells have no antigen-induced
differentiation, the term “memory NK cells” seems
to be incorrect. Based on hypothetical mechanisms
of memory-like NK cell induction, the most correct
term seems to be “pre-activated NK cells”. Currently,
no markers unique to pre-activated NK cells were
detected, however, a correlation between capacity
to produce IFNy by pre-activated CD56bet NK
cells and expression of NKG2A/CD94 receptor is
determined, as well as correlation between capacity

to produce IFNy by pre-activated NK cells of both
populations (CD56e" and CD56%™) and expression
of NKp46 receptor [30]. It should be noted that the
population of pre-activated CD56e NK cells secrete
more IFNy than CD56% NK cells after repeated
stimulation both by cytokines and cells of leukemia
cell line K562 [30]. These factors indicate alteration
of functional properties of NK cells as the result of
preliminary activation by cytokines and preservation
of these alterations during a few days. There are
evidences of pre-activation of NK cells not only in
vitro, but also in vivo: in humans an adaptive change
of NK cells properties induced by cytomegalovirus
(CMV) infection occurs, it implies change in cytokine
secretion and activating receptor NKG2C expression
[29]. The mechanisms determining a phenomenon
of pre-activation for NK cells are poorly known.
Currently it is shown that pre-activated NK cells do
not differ from intact NK cells by their content of
phosphorylated forms of proteins STAT4 and STAT3,
as well as by their content of IFNy mRNA, which
indicates the presence of post-transcriptional and
post-translational mechanisms of memory induction
at NK cells [30].

Thus, NK cell differentiation process in humans
is connected with activation of transcriptional factors
E4BP4, TOX, Ikaros, EGF1, PU.1, EGR-2, ID-2,
IRF-2, T-bet, Gata-3 [28], and consequential change
of repertoire of cell surface receptors, particularly
acquirement of receptors CD56, CD94/NKG?2A,
NKp46, NKG2D, NKp30, NKp44, receptors
KIR, CDI16 [14, 20, 28]. Currently, two main
populations of human NK cells are distinguished:
CD564mCD16%t and CD56Ye*CD164™ [3]. They
are also supposed to represent two consequent stages
of NK cell differentiation and their possible transfer
from CDS56e"CD16%™ to CD564mCDI16bE cells
[37]. Generally, the role of NK cells is realized in
elimination virus-infected and tumor cells from
organism, however, at such physiological state as
pregnancy NK cells actively participate in the process
of blastocyst implantation and placenta development.
Despite investigations conducted of NK cell
participation in pregnancy development, peculiarities
of NK cell differentiation in placenta are poorly
described.

2. Phenotype and functions of uterine NK cells at
pregnancy

2.1. Presence of NK cells in uterus

NK cells make up a special population of uterine
cells that significantly changes their representation
in uterus depending on menstrual cycle phase and
pregnancy. According to some data, decidual NK cells
and endometrium NK cells differ little by phenotypic
characteristics [22]. For endometrium NK cells an
expression ofactivationreceptors NKp46 and NKG2D
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and lack or low expression of CD16, NKp44, NKp30
is typical while for decidual NK cells an expression of
NKp46, NKG2D, NKp30, NKp44 is typical [23]. At
pregnancy an IL-15 secretion by placenta is set [4], in
presence of which activation of endometrial NK cells,
their secretion of IFNy and IP-10, higher expression
of NKp46, NKp30, NKp44, NKG2D take place [23].
Thus, endometrial NK cells at pregnancy can change
their phenotype and start a population of decidual
cells. Then, during the first trimester, an increase of
uterine NK cell numbers takes place, which make
up from 50% to 90% of lymphoid cells, present in
uterus [11]. Such alteration of NK cell number in the
zone of uteroplacental bed may be due to migration
of NK cells from peripheral blood [2, 27] through
expressing receptors to chemokines produced by cells
of decidua [1].

2.2. Peculiarities of uterine NK cell differentiation
at pregnancy

According to literature data, the final stages of NK
cell differentiation represent transfer from CD56bieht
to CD564%m phenotype [37]. Apparently, this process
has a reversible nature, as decidua NK cells differ from
CD56e" NK cells of peripheral blood by expression
of inhibiting receptors, for which CD56brie"t CD 64/~
phenotype, CD94 expression, and high content of
cytolytic granules are typical [6, 20]. Also as opposed
to NK cells of peripheral blood decidual NK cells
to a far greater extent can bind HLA-G, expressed
at trophoblast cells [34]. Probably, as the result
of influence of cytokines, secreted in the zone of
uteroplacental bed, alteration of CD56%™ phenotype
of NK cells of peripheral blood and their acquisition
of CD56brieht phenotype of decidual NK cells [2].
Such alteration of NK cell phenotype in placenta at
pregnancy is a continuation of NK cell differentiation
in situ.

2.2.1. Oxygen supply modifiers
differentiation at pregnancy

Significant influence on differentiation of NK
cells of peripheral blood into decidua NK cells is
exerted by modifying oxygen supply to tissue. At
early gestational age after blastocyst invasion, but
before rearrangement of spiral arteries, the cells,
present in fetal-placental complex, are in hypoxic
conditions [15]. During the first trimester, the oxygen
partial pressure in fetal-placental complex makes up
about 20 mm of mercury (2%) and increases to about
60 mm of mercury (10%) through the 12" week of
pregnancy. In decidua oxygen, partial pressure at the
beginning of pregnancy constitutes 50 mm of mercury
(8%) and in the end of the first trimester it increases
up to 70 mm of mercury (12%), in proximity of spiral
arteries it reaches 90-100 mm of mercury (20%) [36].
In the experiments with NK cells obtained in vitro
from human hematopoietic stem cells, it was detected
that in hypoxic conditions (1% O,) NK cells decrease
expression of NKp30 and NKG2D activation markers

NK cells

[38]. At 10% O, decidual NK cells restore expression
of NKG2D receptor, and at 21% O, decidual NK
cells reduce CD56 expression compared to culturing
conditions at 10% O, [36]. At combined culturing
of trophoblast cells line (SGHPL-4) and decidual
NK cells with 10% O, the higher invasive activity of
trophoblast and higher trophoblast capacity to form
capillary-like structures is determined [36], which
reflects the situation in vivo, when in the end of first
trimester trophoblast invasion into uterus spiral
arteries and establishment of uteroplacental blood
supply takes place [16]. Thus, decidual cells, being in
dynamic hypoxic conditions in placenta, can change
their phenotype, reducing expression of receptors
mediating cytotoxicity, and provide for regulation of
uteroplacental bed development.

2.2.2. Cellular and cytokine microenvironment
influences NK cells differentiation at pregnancy

Differentiation of NK cells of peripheral blood
into decidua NK cells is influenced by cellular
and cytokine microenvironment. Thus, combined
culturing of NK cells of peripheral blood with
decidual stromal cells results in reduction of NKp44,
NKp30, NKG2D, DNAM-1 expression by NK cells
of peripheral blood [8] and approaching of NK cell
phenotype to the phenotype typical for decidual NK
cells. Furthermore, binding of chemokine CXCL12
(SDF-1), secreted by placenta cells, leads to reduction
of expression of NKp44, perforin by NK cells of
peripheral blood, decrease of cytotoxicity, increase
of expression of inhibiting receptor KIR2DL1 [27].
In the experiments in vitro, the TGF- secreted by
decidual cells causes reduction of CD16 expression
by NK cells of peripheral blood, approximating their
phenotype to decidual NK cells [5, 17]. Probably,
decidual NK cells can maintain their differentiation
due to autocrine impact of cytokine TGF-J3, because,
according to literature data, during pregnancy the
number of decidual NK cells, characterized by
capacity to secrete TGF-p, increases [31].

At the same time, probably, not all NK cells of
peripheral blood can migrate into the uterus and
change their phenotype. It was demonstrated that
among decidual cells compared to NK cells of
peripheral blood many more cells expressed receptor
CD25 [33]. At that, more than half of cells present in
decidua and expressing CD25 are NK cells, while in
peripheral blood, T-lymphocytes make up the majority
of CD25* cells [33]. For NK cells of peripheral blood
with CD3-CD356ECD25" phenotype the reduced
expression of inhibiting receptors and increased
expression of activation receptors is typical, as well
as reduced content of perforin and granzyme B and
increased expression of IFNy and TGF-f [33]. It is
supposed that these NK cells can migrate into the
uterus and their main function is to secrete cytokines
and maintain cytokine microenvironment in the zone
of uteroplacental bed at pregnancy [33]. However, at
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Figure 1. Peculiarities of CD56¢™ and CD56"9" NK cells
differentiation

incubation of CD25" NK cells with trophoblast, NK
cells increased expression of NKp30, NKp44, NKp46
receptors [33], which indicates induction of CD25*
NK cell activation by trophoblast.

In uterus mucous membrane, the presence of NK
cell progenitors at the intermediate stage of
differentiation was determined, while no NK cell
progenitors at early stages of differentiation were
found [21]. Uterus NK cell progenitors at the
intermediate stage have phenotype CD45*CD3-CD19-
CD117*CD94-CD7*/-CD69*CD1224mCD127%/-
NKp44*/-NKG2D- [21], which makes them similar to
NK cell progenitors at the intermediate stage present in
secondary lymphoid tissue [10, 13, 37]. Furthermore,
NK cell progenitors at the intermediate stage in uterus
[21], like in secondary lymphoid tissue [12], can
secrete 1L.-22, which indicates the occurrence of NK
cell differentiation process in uterus not only from
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NK cells of peripheral blood after migration, but also
from NK cell progenitors placed in uterus.

Thus, uterine NK cells represent the terminal stage
of NK cell differentiation, which resemble the stage
of CD56bret NK cell differentiation. For uterine NK
cells expression of CD56, NKp46, NKG2D, NKp30,
NKp44, secretion of IFNy and TGF-B is typical.
Without pregnancy, endometrial NK cells are present
in the uterus; following pregnancy endometrial NK
cells change their phenotype and differentiate into
decidual NK cells. Significant growth of decidua
NK cell numbers at pregnancy takes place through
migration of NK cells from peripheral blood and
respective alteration of their phenotype although
differentiation of uterine NK cells can also occur in
situ. Figure 1 shows paths of differentiation of CD564™
and CD56e" NK cells.

Conclusion

Currently, there is a great deal of evidence on
phenotypic peculiarities of NK cells, which can
determine functional features of different populations
of NK cells. Summarizing these phenotypical and
functional characteristics of NK cells populations
can help in further distinguishing stages of NK
cells differentiation process. Determining NK cell
differentiation markers and examining peculiarities
of NK cell functional characteristics promoted
discovering NK cell capacity for pre-activation and
retention of this condition during a long period of
time. Further investigation of so-called pre-activated
NK cells, or memory-like NK cells, may contribute
in understanding of fundamental immunologic
processes. Appearance of data about possible non-
linear nature of NK cell differentiation, as well as
about influence of microenvironment cells on NK
cell differentiation process, indicates the necessity
of further investigations in this direction. Examining
expression patterns of NK cell receptors at pregnancy
is of special interest, as in this case, discovering
reversibility of NK cell differentiation at the final stages
of this process is possible, as well as the dependence
of uterus NK cell functional peculiarities from the
repertoire of expressed receptors. Further study and
analysis of peculiarities of the NK cell functional
state will allow us to come close to understanding
the NK cell role at pregnancy and disorder of NK
cell regulation in the zone of uteroplacental bed at
pathologic pregnancy.
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