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PErynauueg LUTOKUHOBOIO NPODUIIA NK-KJTIETOK
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Pesiome. JleuunyanbHbie NK-kieTkyu 001a1al0T OTAMYHBIMU (DEHOTUNTMYECKUMU U (DYHKIIMOHAJIbHBIMU
XapaKTepUCTUKaMU Mo cpaBHeHUIO ¢ nepudepnyeckumu NK-kimerkamu. OnHakKo MEeXaHU3MBbI, JexXallue B
OCHOBE Pa3BUTHUS STUX YHUKAJIBHBIX CBOMCTB, OCTAIOTCS MaJloM3ydyeHHBIMU. [Ipearmonaraercst, 9To KICTKHA
MaKpOOKPYXKEHUS OKa3bIBaIOT KaK MpsSMOe, TaK 1 KOCBeHHOe BiiusiHMe Ha NK-KJIeTKu B MaTKe, MOLYJIUPYS
WX YPOBEHB «arpPeCcCUM» TI0 OTHOIICHUIO K TKaHSIM TUIOIA, BKITIOUAsT KJIETKU TPO(dOOIacT.

OnHuM 13 MexaHu3MOB peryisiuu NK-KieTok sBisieTcs BbleJeHUe IMTOKMHOB. TpodobiacTsl, KaK 1
IPyTUE 3JIEMEHTBI MUKPOOKPYKEHUS, TIPOIYIIMPYIOT IUTOKUHBI. CBSA3BIBAsICh C pElIeTITOpaMI Ha MOBEPX-
HOCTHU KJIETOK-MUIIIEHe, oHu udMeHstot nmoseaeHue NK-kietok. B pesynbrate NK-kieTkn camMmu MoOryT
BBIICIISITh IUTOKWHBI, KOTOPBIC, B CBOIO OUYEpEIb, BIMSIOT Ha TIOBEACHUE APYTruX KiIeToK. Kak yrmoMmnHamoch
paHee, HeAOCTaTOYHO JaHHBIX O IPUYMHAX U MEeXaHU3MaXx, JieXkKallluX B OCHOBE U3MEHEHUI XapaKTEePUCTUK
NK-knerok B maTtke. TeM He MeHee 3TU JaHHbIE MOTYT CTaTb OCHOBOM JIJIs1 CO31aHUs O0Jiee TOUHOM KJIETOU-
HOM MoJenu B3auMOAEUCTBUS MEXAY KJIeTKaMU TIola U UMMYHHOI cucTteMoii Matepu. KpoMe Toro, oHu
MOTYT ITOCTY>KUTh OCHOBO IUIST pa3pabOTKN MHCTPYMEHTOB IUATrHOCTUKU PETIPOIYKTUBHBIX TTPOOJIEM.

Llenbio uccnenoBanus — uzydyeHue utokuHoBoro npodwuist NK-kietok (mpoaykuust TNFo, TGF-f3,
IFNy, RANTES, IL-10, VEGF) nioa BiusiHueM lIUTOKMHOB, CBsI3aHHBIX ¢ 6epeMeHHOCThIO, — TNFo, [FNy,
TGF-p1, IL-15, IL-18 nau IL-10.

VYpOBHU 3THUX LMUTOKWHOB B KOHIMIIMOHUPOBAHHBLIX Cpeaax, MOJYYEHHBIX MOCAEe KYJIbTUBUPOBAHUS
NK-kJ1eToK, 66111 U3MEPEHbBI C MOMOIIIBIO TPOTOYHOI IUTOMETpUU. bruto o6HapyxkeHo, yto TGF-f1, ce-
KpETUPYEeMBIII KJIeTKaMK TpodobiiacTa, obagaeT CIIOCOOHOCTBIO PETryIUpoBaTh HMUTOKWMHOBEIN MTPOMIIIH
NK-kietok. ITox ero BosaeiictueMm ypoBHU [FNy, IL-10 1 RANTES B cpenax, moaydeHHBIX U3 KYJIBTYPbI
NK-ky1eTok, ObLIM CHUXKEHBI.

OCHOBBIBasICh Ha 3TUX Pe3yJibTaTax, MOXHO CAEIaTh BbIBOJ, UTO CYIIIECTBYET CUCTEMA, KOTOpasi KOHTPO-
JMpyeT aKTUBHOCTh NK-KJTeTOK yepe3 ceTh HUTOKMHOB. DTU TaHHBIC YKA3bIBAIOT HA TIOTCHIIMAILHYIO BO3-
MOXKHOCTbB ucronb3oBanus TGF-B1 ning MmoaenupoBaHust B3auMoneicteust Mexay NK-kinetkamu u Tpodo-
OJslactamu in vitro.

Knrouesoie crosa: NK-kaemku, yumokumoi, bepemerrocms, mpogobaacm, TGF-BB, mexckaemoutvie g3aumodeiicmaust, MUKPOOKPYJceHUe
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REGULATION OF THE CYTOKINE PROFILE OF NK CELLS
BY THE MICROENVIRONMENT FACTORS TYPICAL FOR
PREGNANCY

Grebenkina P.V.2 Mikhailova V.A.2, Bespalova O.N.?, Selkov S.A.>",
Sokolov D.I.*"

@ 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. Decidual NK cells exhibit distinct phenotypic and functional characteristics as compared to
peripheral NK cells. However, the mechanisms underlying development of these unique properties remain
poorly understood. The cells in microenvironment are known to exert both direct and indirect influence on
NK cells within uterus, modulating their level of “aggressiveness” towards fetal tissues, including trophoblasts.
Cytokine release presents a remote regulatory tool for the NK cells. Trophoblasts produce cytokines like as
other components of the microenvironment. These cytokines bind the receptors on surface of target cells
thud changing the behavior of NK cells. As a result, NK cells may release the own cytokines, which, in turn,
influence the behavior of other cells. As mentioned above, there is a lack of data on causes and mechanisms
behind the changes in characteristics of NK cells in uterus. Nevertheless, this data can lay the foundation for
designing a more accurate cellular model of interactions between fetal cells and maternal immune system.
Moreover, it may serve as a basis for developing diagnostic tools for reproductive issues.

The aim of our study was to investigate changes in cytokine profile of NK cells, in particular, their production
of TNFa, TGF-B, IFNy, RANTES, IL-10, and VEGF under the influence of cytokines associated with
pregnancy, i.e., TNFo, IFNy, TGF-B1, IL-15, IL-18, or IL-10. The levels of these cytokines in the culture
media conditioned by NK cells were measured using flow cytometry. TGF-p1, produced by trophoblasts was
found to have the ability of regulating cytokine secretion by NK cells. The levels of IFNy, IL-10, and RANTES
in the media derived from NK cell culture have been decreased under its influence.

On the basis of these findings, one may propose the existence of a regulatory system that controls activity of
NK cells via the cytokine network. These data suggest a potential for using TGF-f1 to model in vitro interactions
between NK cells and trophoblasts.

Keywords: NK cells, cytokines, pregnancy, trophoblast, TGF-B, intercellular communication, microenvironment
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Introduction

NK cells are found in peripheral blood, but there
are also local populations of these cells with special
properties. One such population is decidual NK cells,
which are found in the uteroplacental contact zone.
These cells have a different phenotype and function
compared to NK cells in peripheral blood [6].

One of the mechanisms of long-distance
regulation of natural killer (NK) cells is cytokine
secretion. The primary population of cells that
influence NK cells is trophoblasts, but other cells
such as uterine macrophages and endometrial cells
also produce cytokines in the context of maternal-
fetal interaction. Cytokines bind to receptors on cell
membranes, triggering signaling cascades that result

secretion, which in turn allows NK cells to influence
other cells. The cytokines under consideration in this
study were detected in the region of uterine-placental
interaction — IL-15, IL-18, IL-10, TGF-$3, TNFa,
IFNy, RANTES VEGF [4, 7, 8, 15]. Data on possible
uterine-placental cells that produce these cytokines
are presented in Table 1.

The intricate molecular mechanisms governing
the regulation of natural killer (NK) cell functions by
pregnancy-specific cytokines remain underexplored.
Therefore, the objective of this study was to elucidate
the nature of alterations in the cytokine profile of NK
cells in response to microenvironmental cues.

Materials and methods

Cell cultures

This study was performed using the NK-92 cell line
(ATCC, USA), which reflect the main characteristics
of and natural Kkiller cells, respectively. The cells
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TABLE 1. LIST OF CYTOKINES ANALYZED IN THE RESEARCH AND THEIR EFFECTS

Cytokine Cell-producer Effect
IL-15 Trophoblast cells, endometrial Regulation of effector functions of NK cells, stimulation of invasion
cells, placental macrophages and proliferation of trophoblast cells
IL-18 Decidual stromal cells Induces cytotoxicity prptelns expression by uterine,
natural killer (uNK) cells
Inducing the effector functions of NK cells,

IL-10 NK cells, trophoblast cells stimulating the expression of the protective molecule HLA-G on the

surface of trophoblast cells, anti-invasive effect on trophoblast cells
TGF-B NK cells, trophoblast cells, Reduction of cytotoxicity of NK cells, regulation of trophoblast cell

T regulatory cells invasion
Enhancement of effector functions of NK cells, invasive effect
TNFa NK cells
on trophoblast cells
IFNy NK cells, trophoblast cells Enhancement of effector functlon_s of NK cells, inhibition
of trophoblast cell invasion
RANTES NK cells, trophoblast cells ' Stlmulatlor? of NK cell prollferatlon and migration,
increased migration and invasion of trophoblast cells
Regulation of vascular growth and formation at the uteroplacental
. . contact boundary.
VEGF Decidual NK cells, endometrial Promotes the acquisition of an endothelial phenotype by
cells .
the extracellular trophoblast, which ensures the successful
embedding of the trophoblast into the experimental vessel model

were cultured together with the manufacturer’s
recommendations in a humid environment at 37 °C,
5% CO,. The viability of the cells was controlled by
trypan blue exclusion, it was 95+3.4%.

Cytokines

The following inductors were used: TNFa
(50 U/mL), IFNy (1000 U/mL), TGF-B1 (5 ng/mL),
IL-15 (10 ng/mL), IL-18 (10 ng/mL), IL-10
(10 ng/mL) (R&D, USA). These concentrations were
chosen according to the concentrations in human
biological fluids, including in the area of utero-
placental contact.

NK-92 cells were added to a part of the wells in 100
puL of a medium of 20,000 cells. IL-2 (500 U/mL) was
added to all wells (LLC “Biotech”, Russia), cytokines
were added to some of the wells and then cells were
cultured for 96 hours in the presence of TNFa, IFNy,
TGF-p1, IL-15, IL-18, or IL-10. After that, the
analysis of their cytokine production was conducted.
Four experiments were conducted with two technical
repetitions in each.

Analysis of cytokine level in conditioned media
obtained after cultivation of NK-92 cells

After cultivation for 96 hours in the presence of
cytokines, NK-92 cells were centrifuged for 5 minutes
at 2500 g, the supernatants (hereinafter “conditioned
media”, CM) were frozen at -20 °C and stored until
the study. Then, the level of IL-10, RANTES, VEGE,
TNFa, IFNy and TGF-B1 in CM was evaluated
using commercial kits for CBA (Cytometric Bead
Array) (BD, USA) and a flow cytofluorimeter

BD FACSCanto II (BD, USA) according to
the manufacturer’s instructions.

Results and discussion

The content of TNFa, TGF-, IFNy, RANTES,
IL-10, and VEGF was evaluated in CM obtained
after cultivation of NK-92 cells for 96 hours in the
presence of cytokines. We found that NK-92 cells on
the baseline level secreted IFNy, IL-10 and RANTES
and in low concentrations TGF-f3, but did not secrete
VEGF and TNFa (Figure 1).

It has previously been shown that NK-92 cells
are capable of secreting VEGF [13], TNFa [5].
During the 96-hour incubation period, it is likely
that secreted cytokines are internalized by NK cells
in order to regulate their properties. However, in
order to confirm this hypothesis, further analysis will
be required to determine the intracellular content of
cytokines. The content of IFNy, RANTES, and IL-
10 in CM was reduced after cultivation of NK-92 cells
in the presence of TGF-f1 when compared with the
content of these cytokines after cultivation without
inducers (Figure 1).

TGF-B1, a major cytokine secreted by trophoblast
cells, exerts an immunosuppressive influence [11],
nonetheless, it has been demonstrated that in certain
instances, it may enhance the cytotoxic potency of
cytotoxic cells [9]. The pro-inflammatory cytokine
IFNy enhances the effector functions of NK
cells [12], has an inhibitory effect on trophoblast
cells, reducing their ability to invade [1]. IL-10 it can
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Figure 1. Content of IFNy (A), IL-10 (B), RANTES (C), VEGF (D), TNFa (E), and TGF-@ (F) in CM after cultivation of NK-92
cells in the presence of various cytokines (indicated on the abscissa axis) for 96 hours: NI - NK-92 cells without inductors

Note. Significance of differences: *, p < 0.05; **, p < 0.01; ***, p < 0.001.

also serve as an enhancer of the effector capabilities
of NK cells [3], elicit the secretion of IFNy, thereby
augmenting the cytotoxic capacity [2]. Moreover, the
cytokine exerts an anti-invasive and pro-apoptotic
influence on trophoblast cells [10]. Accordingly,
inhibition of IFN-y and IL-10 secretion by the action
of TGF-B1 may be a mechanism used by trophoblast
cells to establish a tolerant microenvironment for a
semiallegenic fetus.

Nonetheless, this notion does not align with the
reduction in RANTES secretion upon TGF-B1
treatment. On the contrary, it has been observed that
RANTES serves as a stimulant for the proliferation
and migration of NK cells [14], this is a piece of
evidence that supports the hypothesis of fostering
tolerance towards fetal cells. Nonetheless, it should
be noted that cytokine also serves as a stimulant for
the migration and infiltration of trophoblast cells [4].
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