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Pesiome. EctectBenHbie Kmuiepbl (NK-kiaeTkn) SBasioTcs TUMEAOLUTAMUA BPOXIEHHOTO UMMYHUTETA.
Huddepentmpoka NK-KJIETOK HaXOAWUTCS TIOJ, KOHTPOJIEM KJIETOK MUKPOOKPYXEHUS U TIPOIYIIApPYe-
MBIX UMU LIUTOKMHOB, B ToM uucie [L-2, IL-15 u IL-18. NK-kJjieTku npeacTtaBieHbl B pa3IMUHbBIX TKAHSIX,
re OoHU (QOPMUPYIOT TTyJIbl TKAHEPE3UIEHTHBIX €CTECTBEHHBIX KMJIJIEPOB, OMHUM U3 TaKUX MYJIOB SIBJISTIOT-
ca NK-kietku nenmmyaibHOIT obonouku. [IpenmosaraeMbiM UCTOYHUKOM KJIETOK ISt archhepeHIINPOB-
ku NK-kietok geumnayaibHoii 00osouku saBisitorcss NK-kinetku nepudepudeckoit kposu (pNK). B maTke
NK-KJIeTKM KOHTAaKTUPYIOT ¢ KJIETKaM1 TpodoOIacTa, YTO MOXET BIAUSITh Ha UX (peHOTUIl. BKiam KieTok
Tpoobnacta u uutokuHoB I1L-2, IL-15 u IL-18 B perynsiuto ¢peHoruna pNK-KIeToK HeTOCTaATOYHO W3-
yuyeH. B ¢BsI31 ¢ 3TUM 11e71b10 pabOTHI ObLJIa OlLIEHKA BIUSTHUSA KJIETOK Tpodoobiacta Ha ¢peHoTun pNK-KiteTok
B YCJIOBUSIX KyabTUBUpoBaHUs B cpene ¢ IL-2, IL-15, IL-18. B paboTte ucrnoyb3oBajii MOHOHYKJI€aphl, TTO-
JIy4eHHbICe M3 TeprudepuIccKoil KpOBU 3MOPOBBIX HEOCPEMEHHBIX XKEHIIIMH PEIIPOAYKTUBHOTO BO3pacTa, C
PEryJsIpHBIM MEHCTPYalbHBIM LIUKJIOM (n = 21). MOHOHYyKJIeapbl KyJbTUBUPOBAIN B mpucyTcTBum 1L-2 u
OJTHOTO M3 IIUTOKWHOB, peryaupyomux amuddepeHumnpoBky NK-kinetok — IL-15 nnm IL-18. B xauectBe
KJIETOK TpodobaacTa ucrnoab3oBaiu kKiaeTku guHuu JEG-3. OuenuBanu skcnpeccuio pNK-kinetkamu pe-
uenropoB CD45, CD3, CD56, CD14, KIR3DLI1, KIR2DL3, KIR2DL4, KIR2DS4, NKp44, CD215,
CD122, CD127, NKG2D, KIR2DL1, NKG2C. YcranosneHo, mist pNK-k1eTok, MpoKyJIbTUBUPOBAHHBIX
B IIPUCYTCTBUU KJIETOK Tpodobiacta tuHUM Jeg-3, XapakTepHa 00ee HU3Kasi MHTEHCUBHOCTh 3KCIIPECCUU
peuenTopa CD56 o cpaBHenuio ¢ pNK-kjieTkamMu, MPOKY/JIBTUBMPOBAHHBIMU 0€3 KJIETOK TpodobiiacTa.
DTU U3MEHEHUSI BBISIBJICHBI B CIydae KyJbTUBUpOBaHUs Kak B cpene ¢ IL-15, tak u B cpene ¢ 1L-18. Boisis-
sneHo cHmxkeHHoe KoandecTBO NKG2C* pNK-kjieTok B MpUCyTCTBUM KJIETOK Tpodobiacta tuHuu Jeg-3 1mo
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cpaBHeHMIO ¢ NK-KJIeTKaMu, TTPpOKYJIETUBUPOBAHHBEIMU 0€3 KJIETOK Tpodo0biacTa, IMpyu KyJITUBUPOBAHUN
B cpene ¢ 1L-15. BoisiBaeHHble nameHeHus skcnpeccun CD56 1 NKG2C pNK-kineTrkamMu B IpUCYTCTBUU
KJIETOK TpodobacTta MpOTUBOMNOJOXHBI paHee ycTaHOBAeHHBbIM is1 NK-kietok auHun NK-92. Beposr-
HO, MIOMHUMO KJIeTOK TpodobiacTa, MOHOIIMTHI, MPUCYTCTBYIOIIME B COCTaBE MOHOHYKJI€apOB, MO 1eHCTBU-
€M MUTOKWHOB, MOTYT BIMITh Ha peHOTUNT pNK-KIIETOK B MCIIOIB30BAaHHOUW MOIEIbHOM cucreMe. Tak Kak
MOHOIIMTBI/MaKpodaru MpUCyTCTBYIOT B ICLIMAyaIbHON 00071049Ke, TPEOYIOTCS TabHEHUIIINEe UCCIeTIOBaHMUS
BIUSTHUS IMTOKMHOB M KJICTOK MUKPOOKPYKECHUSI, B TOM YHMCJIie MOHOIUTOB, Ha pNK-KiteTkn.

Knrouesvie cnosa: NK-xaemku, nepugepuneckas kposwb, mpoghoonacm, IL-15, IL-18, penomun, CD56

PHENOTYPIC PROFILE OF PERIPHERAL BLOOD NK CELLS
UNDER CULTURING WITH TROPHOBLAST CELLS AND IL-15
AND IL-18 CYTOKINES

Mikhailova V.A.*", Grebenkina P.V.2 Tyshchuk E.V.2, Davydova A.A.3,
Zagaynova V.A.2 Kogan L.Yu.? Selkov S.A.*?, Sokolov D.L.*"

@ D. Oftt Research Institute of Obstetrics, Gynecology and Reproductology, St. Petersburg, Russian Federation
b First St. Petersburg State I. Pavlov Medical University, St. Petersburg, Russian Federation

Abstract. Natural killer cells (NK cells) are innate immunity lymphocytes. NK cell differentiation is controlled
by the cellular microenvironment and locally produced cytokines, including IL-2, IL-15 and IL-18. NK cells
are present in various tissues, forming pools of tissue-resident NK cells, e.g., decidual NK cell pool. Peripheral
blood NK cells (pNK cells) are considered a supposed source of cells for decidual NK cell differentiation. In the
uterus, NK cells contact with trophoblast cells, which can affect their phenotype. Contribution of trophoblast
cells and IL-2, IL-15 and IL-18 cytokines to the pNK cell phenotype regulation is scarcely studied. In this
regard, the aim of our research was to evaluate the effect of trophoblast cells on the phenotype of pNK cells
when cultured in medium with IL-2, IL-15, and IL-18. We used mononuclear cells obtained from peripheral
blood of healthy non-pregnant women at their reproductive age, with regular menstrual cycle (n = 21).
Mononuclear cells were cultured in presence of IL-2, and either of cytokines regulating NK cell differentiation
(IL-15, or IL-18). JEG-3 cells were used as trophoblast cells. We evaluated expression of CD45, CD3, CD56,
CD14, KIR3DLI1, KIR2DL3, KIR2DL4, KIR2DS4, NKp44, CD215, CD122, CD127, NKG2D, KIR2DL1,
NKG2C receptors by pNK cells. It was found that pNK cells cultured in presence of trophoblast cells (JEG-3
cell line) were characterized by lower intensity of CD56 receptor expression, compared to pNK cells cultured
without trophoblast cells. These changes were detected upon culturing both in medium supplied by IL-15, and
with IL-18. A reduced number of NKG2C* pNK cells was detected in presence of JEG-3 trophoblast cells,
compared to NK cells cultured without trophoblast cells in medium with IL-15. The detected changes in the
CD56 and NKG2C expression by pNK cells in presence of trophoblast cells proved to be opposite to those
previously detected for NK cells derived from NK-92 cell line. Along with trophoblast cells, the monocytes
isolated among mononuclear cells and being affected by cytokines, can apparently influence the phenotype of
pNK cells in the model system used. Since monocytes/macrophages are present in decidua, further research is
required to study the effect of cytokines and cellular microenvironment, including monocytes, on pNK cells.

Keywords: NK cells, peripheral blood, trophoblast, IL-15, IL-18, phenotype, CD56
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Introduction

Natural killer cells (NK cells) are innate immunity
lymphocytes. They are present in the composition of
mononuclear cells of the peripheral blood making up
to 15% of all lymphoid cells [1]. The differentiation
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of NK cells is controlled by the cellular micro-
environment and cytokines produced by it, including
IL-2, TIL-15 and IL-18 [15]. The IL-2 cytokine is
an important growth factor for NK cells, since it
stimulates their proliferation [ 14]. The IL-15 cytokine
is produced by hematopoietic, dendritic and stromal
cells, as well as by monocytes and macrophages. In the
course of experiments on a mouse model with IL-15
gene knockout or without receptors to it, a decrease in
the number of NK cells could be observed, while the
transplantation of donor NK cells led to the death of
NK cells in the absence of exogenous IL-15 [7]. The
IL-18 cytokine is constitutively produced by dendritic
cells, macrophages, neutrophils and epithelial
cells [15]. Experiments on a mouse model showed that
1L-18 stimulated the expression of IL-2R by NK cells
and enhanced the proliferation of NK cells caused by
IL-2 [3]. The use of IL-2, IL-15 and IL-18 cytokine
combination in the culturing of peripheral blood NK
cells (pNK cells) leads to the increase in their number,
their cytotoxicity and their expression of CD16 and
NKG2D activation receptors [9].

NK cells are present in various tissues, where they
form pools of tissue resident NK cells. One of such
populations of tissue resident NK cells is formed by
decidual NK cells. Decidual NK cells contain lytic
granules and express receptors for the molecules of
the main histocompatibility complex. However, they
do not exhibit a pronounced cytotoxic activity [5].
Their role in the processes of blastocyst implantation
and placenta development has been proved [6]. One of
the possible sources of decidual NK cells are NK cells
migrating from the peripheral blood (pNK) [7]. In the
uterus, NK cells come into contact with trophoblast
cells, which can affect their phenotype. Cytokines
IL-15 and IL-18 are present in the uteroplacental
complex and can affect uterine NK cells [8, 13].
The contribution of cellular microenvironment of
the decidua and cytokines IL-15 and IL-18 to pNK
cell phenotype regulation has not been sufficiently
studied. In this regard, the aim of the research was
to evaluate the effect of trophoblast cells on the
phenotype of pNK cells when cultured in medium
with IL-2, IL-15, and IL-18.

Materials and methods

Mononuclear cells were obtained from the peri-
pheral blood of healthy nonpregnant women of
reproductive age with a regular menstrual cycle
(n=21). The exclusion criteria included acute inflam-
matory diseases, exacerbations of chronic diseases
and intake of combined oral contraceptive pills. The
average age of the women involved in the research was
29.2+6 years. Cells of the JEG-3 cell line (ATCC,
USA) similar in their characteristics to extravillous
trophoblast cells of the first trimester of pregnancy
were used as trophoblast cells [17].

Trophoblast cells of the JEG-3 cell line (ATCC,
USA) were placed in a 96-well flat bottom plate at a
concentration of 20,000 cells in 100 uL a complete
cell culture medium (DMEM) (Biolot, Russia).
After 24 hours, mononuclear cells were isolated
from the peripheral blood by centrifugation in Ficoll
solution gradient (density 1.077; BioloT, Russia).
The culture medium was removed from the plate
wells. Mononuclear cells were then added either to
trophoblast cells or to empty wells at a concentration
of 100,000 cells in 100 pL of a complete cell culture
medium (DMEM). IL-2 (200 U/mL) was added to
all wells; IL-18 (10 ng/mL) or IL-15 (10 ng/mL)
(Sigma Aldrich, USA) were added to some of the
wells, thus obtaining combinations of 1L-2*/IL-15"
and IL-2*/1L-18*. The cells were then incubated
for 96 hours in a humid environment at 37 °C, 5%
CO,. After incubation the plate was centrifuged for 5
minutes at 200 g and 22 °C, after which the culture
medium was removed from the wells, 100 pL of
Versene solution (BioloT, Russia) was added to each
well, and the cells were then resuspended. After that,
the cells were centrifuged for 5 minutes at 200 g and
22 °C, the Versene solution was removed, and the cells
were re-washed in Hanks solution by centrifugation
(5 minutes at 200 g, 22 °C). Then the cells were
sequentially treated with Fc receptor blocking reagent
(MACS, Germany) and monoclonal antibodies to
CD45, CD3, CD56, CDI14, KIR3DL1, KIR2DL3,
KIR2DL4, KIR2DS4, NKp44, CD215, CD122,
CD127, NKG2D (BD, USA), KIR2DLI1, NKG2C
(R&D, USA) receptors according to manufacturers’
protocol. The cell death was evaluated after culturing
by treatment with 7-Amino-Actinomycin D (7-AAD).
It was no more than 2% (BioLegend, USA). Isotypic
antibodies (BD, USA and R&D, USA) were used to
control the nonspecific binding. Cells untreated with
monoclonal antibodies served as negative controls.
The expression of receptors was evaluated using a
FACSCanto II flow cytofluorimeter (BD, USA).

The obtained data were analyzed using the Graph-
Pad Prism 8 software, descriptive statistics methods
and nonparametric Wilcoxon test. The differences
were recognized as significant at p < 0.01.

Results and discussion

It was found that pNK cells cultured in the presence
of trophoblast cells of the JEG-3 cell line were
characterized by a lower intensity of CD56 receptor
expression compared to pNK cells cultured without
trophoblast cells. These changes were detected both
under culturing in IL-2*/IL-15" medium (Figure 1A)
and under culturing in IL-2*/IL-18" medium
(Figure 2A). A reduced number of NKG2C* pNK
cells was detected in the presence of trophoblast cells
of the JEG-3 cell line compared to NK cells cultured
without trophoblast cells in IL-2*/IL-15" medium
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Figure 1. Receptors of pNK cells after culturing in IL-2*/
IL-15* medium without and with trophoblast cells of the
JEG-3 cell line

Note. (A) Intensity of CD56 expression. (B) Number of NKG2C*

NK cells. The significance of the differences: **, p < 0.01; ***, p < 0.001.

(Figure 1B). The number of NKG2C* pNK cells
did not change in the presence of JEG-3 cells when
cultured in IL-2*/IL-18" medium (Figure 2B).

There were no differences in the expression
of KIR3DLI1, KIR2DL1, KIR2DL3, KIR2DLA4,
KIR2DS4, NKp44, CD215, CDI122, CD127,
NKG2D receptors under culturing with and without
JEG-3 cellsin IL-2*/IL-15% u IL-2*/1L-18" media.

We have previously shown that culturing of NK-92
cells with trophoblast cells of the JEG-3 cell line and
IL-2 stimulated the expression of CD56 and NKG2C
receptors [10]. Within the system using NK-92 cells,
the addition of IL-15 or IL-18 to the culture medium
did not change the effect of trophoblast cells of the
JEG-3 cell line on CD56 expression by NK cells [10].
While working with pNK cells, we detected an opposite
change in the expression of these receptors, compared
to that in the system using NK-92 cells. These
differences are apparently related to the presence of
not only pNK cells, but also monocytes and other
lymphocytes in the composition of the mononuclear
fraction in our model system.

The number of both NK cells and macrophages
increases in the endometrium during the secretory
phase of the cycle [5]. In the first trimester of pregnan-
¢y, M1 macrophages present in the decidua participate
in the regulation of trophoblast cell invasion on an
equal basis with NK cells [5]. Decidual macrophages
of the first trimester of pregnancy secrete 1L-12 [5].
In addition, macrophages expressing the 3 chain of
IL-15 receptor (CD122) were described, which are
also present in the decidua [4]. Under the influence
of IL-15, CD122" macrophages produce TNFa and
IL-6 [4]. Thus, as a result of the addition of IL-15
to mononuclear cells and their culturing in the

A CD56 B NKG2C
30000~ 60-
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25000 50
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10000+ 20
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Figure 2. Receptors of pNK cells after culturing in IL-2*/
IL-18* medium without and with trophoblast cells of the
JEG-3 cell line

Note. (A) Intensity of CD56 expression. (B) Number of NKG2C*
NK cells. The significance of the differences: ***, p < 0.001.

presence of trophoblast cells, monocytes can acquire
a specific secretory profile. In turn, monocyte activity
modified by cytokines can stimulate changes in NK
cell phenotype, in particular, it can cause a decrease in
CD56 expression and in the number of NKG2C* NK
cells in the presence of trophoblast cells.

The literature describes the ability of NK cells
to form NK cells similar to memory cells (adaptive
(aNK) cells) as a result of culturing with 1L-15, IL-12
and subsequent stimulation by target cells of the K562
cell line [12]. Since peripheral blood monocytes can
produce IL-12 without prior stimulation [1], it is
possible for pNK cells to partially acquire adaptive
characteristics. However, CD57*NKG2C* phenotype
has been assigned specifically for aNK cells, while
CD57-CD56dim NKG2C* NK cells are possible
precursors of aNK cells [6]. Earlier, using a similar
model of mononuclear cell culturing in the presence
of trophoblast cells of the JEG-3 cell line, we showed
an increase in the number of CD16*CD57bright pNK
cells compared to their number before culturing [11].
At the same time, in this research, we detected
a reduced number of NKG2C* NK cells when
cultured in IL-2*/IL-15* medium in the presence
of trophoblast cells. Thus, the changes detected by
us in the phenotype of pNK cells in the presence of
trophoblast cells of the JEG-3 cell line and IL-15
lines do not allow us to draw a clear conclusion about
aNK cell differentiation. Further studies of the effect
of cytokines and trophoblast cells on pNK cells are
required.

When using IL-27/IL-18" medium, we detected
a decrease in the expression of CD56 by pNK cells,
while the number of NKG2C* pNK cells did not
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change. According to the literature, peripheral
blood monocytes do not produce IL-15 in the
absence of stimulation [1]. IL-18 does not cause the
production of IL-15 and IL-12 by peripheral blood
monocytes, but it stimulates the expression of TLR4
and secretion of TNFa and IL-10 by them [2]. This
profile of cytokine secretion does not allow us to
unambiguously attribute these monocytes to M1
or M2 type. In the absence of IL-15, monocytes do
not apparently acquire the characteristics typical of
decidual macrophages (M1 or CD122%). Therefore,
the detected decrease in the expression of CD56 by
NK cells in the presence of IL-18 can be attributed

to the influence of monocytes activated by IL-18, but
not to the in vitro interaction between NK cells and
uterine monocytes/macrophages.

Conclusion

The research detected a decrease in the intensity
of CD56 expression by pNK cells as a result of
simultaneous effect of IL-15/IL-18 and trophoblast
cells on pNK cells in the mononuclear fraction.
The established change may be associated with the
presence of monocytes in the model system and their
indirect effect on pNK cells.
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