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PAKTOPA BJIUAIOT HA SKCNPECCUIO LUTOTOKCUYECKUX
PELENTOPOB NK-KJIETOK
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Peswome. EctectBeHHble Kutiepbl (NK-KJIEeTKI) MpecTaBIsoT COO0U MOMyasiuIo TUM(MOLUTOB CUCTE-
Mbl BPOXIIEHHOTO UMMYHMUTETA, CIOCOOHBIX K LUTOIMU3Y UH(MUIMPOBAHHBIX WX TPaHC(HOPMUPOBAHHBIX
KJIETOK 0€3 MpeaBapuUTeIbHON ceHCUOMMu3aunu. EcTecTBeHHbIe KUJLJIEPhI BbISIBICHbBI B pa3IMUYHbIX OpraHax
U TKaHSIX ¥ MOTYT OTJINYAThCs M0 (PeHOTUTTUYECKUM U (DYHKIIMOHAIBHBIM XapaKTePUCTUKAM B 3aBUCUMOCTU
OT JioKayim3aumu. Harmpumep, ecTecTBeHHBbIE KWJIJIEPHI SIBJISIIOTCS TIpeodiafatonieil momyssiuueit tumgo-
LUTOB ACLUIyaTbHOU 000J0YKM MAaTKW Ha PaHHUX CPOKaxX OEPEeMEHHOCTHU, UX J0J MOXET COCTaBJSITh OO
70%. B maTtke NK-KJIeTKM MOT'YT KOHTAaKTMPOBAaTh C KJIeTKaMu TpodobiiacTa 1j104a, B OTHOILIEHUY KOTOPBIX
TaKXe MOTYT TPOSIBJISITh IIMTOTOKCUYHOCTh. EcTeCTBEHHBIE KUIIIEPhl PETYINPYIOT UHBA3UIO KIETOK TPOho-
Oy1acTa B MaTKy, ClIOCOOCTBYIOT PEMOJIEIMPOBAHUIO CITUPATIBHBIX apTEPUI U YCTAHOBIIEHUIO (DU3UOJIOTUIHO-
ro KPOBOTOKA MEXIY OopraHu3MamMu mMatepu W ruioaa. ObcyxmaeTcs BKIad HapylueHUss GyHKIIMOHATbHOMN
akTuBHOCTU NK-KJIETOK B MaTOreHe3 paHHUX PENPOTYKTUBHBIX OTEPh U OECIIONUS, BBI3BAHHOTO UMMYH-
HbIMU akTopamu. Juist tedeHust 6ecrionust IpUMEHSIIOT pa3IMYHbIC MPErapaThbl, CPEAU KOTOPbIX UMMYHO-
mI0OYIMHBI 711 BHyTpuBeHHOTO BBeneHusi (BBUIT) 1 pekoMOMHAHTHBIN TPaHYJIOIMTAPHBIN KOJTOHUECTH-
mynupyroimuii paktop (G-CSF). [TokazaHo yBeJiMueHHUe BEPOSITHOCTY UMILIAHTALIM SMOPUOHA U YaCTOThI
yCHEUIHbIX BbIHALIMBAHUI IJ10/1a Y KEHIIWH, MOJIy4aBIIMX Tepanuio 3TuMu npenaparamu. [Ipeamnonarator,
YTO OTU IperiapaTbl MOTYT OKa3bIBaTh BIUSTHUE HA (PeHOTUT U (PYHKIIMOHATBHYIO aKTUBHOCTh N K-Ki1eTok.
AxryanbHo uzydenue achdexrtos nipenaparoB BBUT u G-CSF nHa peuenropnsiii mpodunbs NK-kiieTox.
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Llenpio HacToOsIIEl pabOTHI ObLIAa OLIEHKA YKCIPECCUU LIUTOTOKCUYECKUX PELETITOPOB KIETOK JTMHUU
NK-92 B mpucyrctBum npenapatoB BBUT u pekomobunantnoro G-CSE

B paborte ucrnonp3oBanu kieTku JuHAM NK-92 B kKadecTBe 3(pheKTOPOB U KISTKHU TpodobaacTa TMHUN
JEG-3 B kauecTBe KiIeTOK-MUIlleHe#. KIeTKr KyJIbTUBUPOBAIN COBMECTHO B IIPUCYTCTBUU OTHOTO M3 IIpe-
mapaToB, a Takke 0e3 modasiieHus MpernapaToB. C MOMOIIBIO MPOTOYHOU ITIUTOMETPUM OLICHUBAJIM SKCIIPEC-
cuio kietkamu NK-92 perieniropoB CD45, CD56, CD215, KIR2DL3, KIR2DS4, NKG2D, NKp44, NKp30.

YcTaHoBJIeHO, YTO KoJinuecTBO KaeTok JuHuu NK-92, skcnpeccupyromux peuentopbl NKG2D, NKp30,
KIR2DL3 u nuHTeHcuBHOCTB 3Kcnpeccuu peuentopoB NKG2D u NKp30, cHUKeHbI B IPUCYTCTBUU TIpena-
patoB BBUI. B npucyrcrBuu nipeniapata G-CSF u kitetok Tpodobiacta cHuxkeHo Koanyectso KIR2DL3*
u NKp44+ NK-kieTok.

IMomygeHHBIC pe3yabTaThl MOTYT OBITH CBSI3aHBI KaK C HEITOCPEICTBEHHBIM, TAK 1 C KOCBEHHBIM BIUSTHUEM
uccieayeMbix npernapatoB Ha peHoTun NK-kieTok.

Karouesvie crosa: NK-kaemku, NK-92, mpoghooracm, JEG-3, ummyroenodyaunvl 015 6HympueeHHo20 66edenus,
CDAHYAOUUMAPHBLL KOAOHUECMUMYAUDYIOWUT (haKmop, YUMOMOKCU4ecKue peyenmopsl

INTRAVENOUS IMMUNOGLOBULINS AND RECOMBINANT
GRANULOCYTE-COLONY STIMULATING FACTOR MODULATE
EXPRESSION OF NK CYTOTOXIC RECEPTORS

Davydova A.A., Mikhailova V.A, Kovaleva A.A., Grebenkina P.V,,
Tyshchuk E.V., Zementova M.S., Bespalova O.N., Sokolov D.I,
Selkov S.A.
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Abstract. Natural killer cells (NK cells) are a population of innate immune lymphocytes capable of cytolysis
of infected or transformed cells without prior sensitization. Natural killers are detected in various organs and
tissues and may differ in phenotypic and functional characteristics depending on localization. For example,
NK cells are the dominant population (up to 70%) of decidual lymphocytes in early pregnancy. NK cells are able
to contact with trophoblast cells, exert cytotoxicity towards them, as well as regulate their invasion, contributing
to spiral arteries remodeling and establishment of physiological blood flow between mother and fetus.
The contribution of impaired NK cell functional activity to immune mechanisms of the reproductive disorders
is widely discussed. Various drugs are used to treat infertility, including intravenous immunoglobulins (IVIG)
and recombinant granulocyte colony stimulating factor (G-CSF). Increased rates of embryo implantation and
higher frequency of successful gestation have been shown after treatment with these drugs. The effect of these
drugs on NK cells phenotype and functional activity is assumed, thus requiring further studies on the effects of
IVIG and G-CSF on the receptor profile of NK cells.

The aim of this work was to evaluate expression of cytotoxic receptors on the NK-92 cells in presence of
IVIG and recombinant G-CSF preparations.

NK-92 cells were used as effectors, and trophoblast-derived JEG-3 line served as target population.
The cells were co-cultured in presence of drugs, as well as without them. Expression of CD45, CD56, CD215,
KIR2DL3, KIR2DS4, NKG2D, NKp44, NKp30 receptors by NK-92 cells was evaluated by flow cytometry.

The number of NK-92 cells expressing NKG2D, NKp30, KIR2DL3 receptors and the expression intensity
of NKG2D and NKp30 receptors were reduced in presence of IVIG preparations. The numbers of KIR2DL3*
and NKp44* NK cells were reduced when supplied with G-CSF and trophoblast cells.

The obtained results may be associated with both direct and indirect effects of the studied drugs on
the NK cell phenotype.

Keywords: NK cells, NK-92, trophoblast, JEG-3, intravenous immunoglobulins, granulocyte colony stimulating factor, cytotoxic
receptors
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Introduction

Natural killers are lymphocytes of the innate
immune system, which are characterized by the
manifestation of cytotoxicity against virus-infected or
malignant cells in the body. The cytotoxic function of
NK cells is regulated by the balance of signals from
activating and inhibiting receptors. In addition to the
antiviral and antitumor immune response, NK cells
playanimportantroleinthe development of pregnancy.
By developing cytotoxic activity against trophoblast
cells invading the uterine wall and by secreting various
cytokines, NK cells regulate trophoblast invasion,
contributing to the establishment of the physiological
blood flow between mother and fetus [13]. Violation
of these processes can cause reproductive pathologies.
For example, for women with recurrent miscarriage
(RM), the increased cytotoxicity of peripheral blood
NK cells against trophoblast cells of the JEG-3 line
was shown in vitro, in comparison with healthy non-
pregnant women [13]. Data on the cytotoxicity of NK
cells at infertility and sterility state are contradictory.
A number of studies have shown the increased
cytotoxicity of peripheral blood NK cells in women
with RM and implantation failures, comparing to
healthy women [9]. At the same time, a meta-analysis
of Seshadri S. & Sunkara S.K. (2014) evaluating the
role of NK cells in the outcomes of in vitro fertilization
(IVF) revealed no differences in live birth rates in
women with increased cytotoxicity of NK cells
compared to women with NK cell cytotoxicity lying
withing the normal range.

For treatment of infertility associated with
immune factors, IVIG and recombinant G-CSF
treatment are used. It has been shown that the use
of IVIG in preparation for IVF procedure increases
the probability of successful embryo implantation [6].
Previously, we have established the cytoprotective
effect of IVIG against trophoblast cells during their
contact interaction with NK cells in an in vitro
model [7], however, the mechanism of IVIG effects is
not clearly defined at the moment.

Data on the use of recombinant G-CSF are also
ambiguous. In one of the studies, the frequency of
successful termination of pregnancy in women with
RM receiving G-CSF therapy was almost twice as
high as in women with RM receiving placebo [10].
At the same time, the positive effect of G-CSF on
pregnancy development in women with a history of

three or more unsuccessful IVF attempts has not been
confirmed [1].

Thus, IVIG and G-CSF are used in clinical
practice to increase the likelihood of developing a
successful pregnancy. However, the data on the direct
effect of these drugs on NK cells are contradictory that
requires additional research. In this regard, the aim of
the work was to evaluate the expression of cytotoxic
receptors of NK-92 line cells in the presence of IVIG
preparations and recombinant G-CSF.

Materials and methods

We used NK-92 line cells (ATCC, USA) with
phenotypic and functional characteristics of activated
NK cells, as well as cells of the JEG-3 line cells
(ATCC, USA), corresponding in their characteristics
to the extracellular trophoblasts of the first trimester
of pregnancy. The cells were cultured according to
ATCC protocols.

The expression of cytotoxic receptors by NK-92
line cells was assessed after culturing cells with
G-CSF at a concentration of 400,000 TU per 100 pnL
of medium and with IVIG at concentrations of 12
mg/mL and 6 mg/mL. In addition, the expression of
receptors by NK-92 line cells was evaluated in case
of incubation with trophoblast cells of the JEG-3
line, in the presence of G-CSF or IVIG at the above
mentioned concentrations.

Recombinant IL-2 (Biotech, Russia) was
added to the NK-92 line cells at a concentration of
500 IU/mL. Cells were placed in the wells of a round-
bottomed 96-well plate at concentration of 150,000
cells per 100 uLL of medium. A recombinant G-CSF
at a concentration of 400,000 TU/100 uL was added
to the part of the wells. The cells were incubated for 24
hours at 37 °C and 5% CO,. The next day, trophoblast
cells of the JEG-3 line were added to NK-92 line
cells at concentration of 30,000 cells per 50 uL of
medium. In part of the wells with NK-92 line cells
without the G-CSF preparation, the drug IVIG was
added at concentrations 12 mg/mL and 6 mg/mL.
The cells were settled by centrifugation at 100g for 3
minutes. Then the cells were incubated for 4 hours
at 37 °C and 5% CO,. After incubation, the cells
were treated with a Hanks solution containing 1%
embryonic calf serum, the samples were incubated for
10 minutes at 4 °C. Then the cells were treated with
antibodies to the receptors: CD45; CD56; CD215;
KIR2DL3; KIR2DS4; NKG2D; NKp44; NKp30
(BD, USA). Isotypic antibodies were added to the
part of the wells to control the nonspecific binding
of the antibodies (BD, USA). The antibody-treated
samples were incubated for 20 minutes in the dark at
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room temperature. The samples were then analysed
using a FACSCanto II flow cytofluorimeter, assessing
the relative number of cells expressing receptors and
the intensity of receptor expression on the surface of
NK cells.

Statistical data processing was carried out using
the GraphPad Prism version 8.0.0 for Windows,
GraphPad Software, San Diego, California USA,
www.graphpad.com. Nonparametric Mann-Whitney
test, Kraskel-Wallis test and Wilcoxon test were used.

Results and discussion

Analysis of NK-92 line cells expression of
NKG2D activating receptor showed that the number
of cells expressing it and the intensity of expression
of this receptor were reduced in the presence of
IVIG at concentrations of 12 mg/mL and 6 mg/mL
(Figure 1A, B). Receptor NKG2D is an activating
transmembrane protein of the CD94/NKG?2 family
of type C lectin receptors. NKG2D ligands are
stress-induced proteins of the MIC and RAETI1/
ULBP families, which are expressed on the surface
of malignant cells and infected cells. In the literature,
there are few publications on the expression of
NKG2D receptor in reproductive pathologies. In
one of the studies, the level of NKG2D expression by
peripheral blood NK cells in women with repeated
implantation failures and in fertile non-pregnant
women did not differ [15]. The decrease in the level
of activating NKG2D receptor in the presence of
IVIG, which we have established, is consistent with
the decrease in the cytotoxic function of NK-92 line
cells in the presence of IVIG shown earlier [7].

It was found that the addition of IVIG at
concentrations of 12 mg/mL and 6 mg/mL to NK-92
line cells caused a decrease in the number of NKp30*
NK cells, as well as a decrease in the intensity of
their expression of NKp30 (Figure 1C, D). NK cell
receptor NKp30 belongs to the family of natural
cytotoxicity receptors. Its ligands BAG6 and B7-
H6 are characteristic for virus-infected and tumour
cells. Earlier, an in vitro model of interaction between
dendritic cells and peripheral blood NK cells showed
a decrease in the expression of NKp30 receptor by NK
cells in the presence of IVIG [14]. However, in our
work, the addition of trophoblast cells of the JEG-3
line did not cause significant changes in the expression
of NKp30 receptor. There is also evidence of changes
in NKp30 isoforms in peripheral blood and placenta
at early pregnancy loss. The differences in receptor
isoforms are also shown in women with elective
termination of pregnancy compared to women with
spontaneous miscarriage [12], but not in the overall

level of NKp30 expression. Thus, the obtained data
complement the literature data on the effect of drugs
for RM and infertility treatment.

After incubation of NK cells with IVIG at the
concentration of 6 mg/mL, the relative number of
cells expressing the inhibitory receptor KIR2DL.3 was
increased compared to KIR2DL3" cells of the NK-92
line after cocultivation with JEG-3 line cells and IVIG
line (Figure 1E). There were no changes in the intensity
of KIR2DL3 expression (Figure 1F). Receptor
KIR2DL3 belongs to the group of inhibitory receptors
of the KIR group — transmembrane glycoproteins
expressed by NK cells and T lymphocytes. The
ligands for them are HLA class I molecules, which
non-classical variants are present on trophoblast
cells. The obtained results partially correspond to a
decrease in the cytotoxic function of NK-92 line cells
in presence of IVIG, which we showed earlier [7]. It
should be noted that a whole spectrum of receptors
is involved in NK cell realization of their cytotoxic
potential. Therefore, IVIG possibly have not only a
direct effect on NK cells, but also indirectly influence
trophoblast cells. For example, it is shown that IVIG
affect the expression of glycoprotein OX-2 of the
immunoglobulin superfamily (CD200), which is
expressed on trophoblast cells, as well as on endothelial
and decidual cells, T and B lymphocytes, [3]. Its
interactionwith CD200R receptorleadstothesynthesis
of indolamine-2,3-dioxygenase by myeloid cells, as a
result of which the proliferation of T lymphocytes and
NK cells is inhibited and T regulatory lymphocytes
are activated [4]. It is also possible that IVIG screen
negatively charged membrane phospholipids of target
cells (like “umbrella cover”) [8]. Further studies
are required to study the effect of the IVIG on the
interactions of NK cells with trophoblast cells.

We found that the relative number of NK-92
line cells expressing KIR2DL3 inhibitory receptor
after incubation with JEG-3 line trophoblast cells
and G-CSF was reduced compared to the relative
number of KIR2DL3* NK cells with G-CSF, but
without trophoblast cells (Figure 2A). At the same
time, there were no differences in the expression
of KIR2DL3 between intact NK-92 line cells and
NK-92 line cells with the addition of G-CSE The
intensity of KIR2DL3 expression in the presence of
G-CSF also did not change (Figure 2B). According
to the literature, trophoblast cells express a receptor
for G-CSF [5]. In vivo, G-CSF is secreted by decidual
macrophages and stimulates migration and invasion of
trophoblast cells. The obtained data can be explained
by the fact that in the presence of G-CSEF, trophoblast
cells acquire an invasive phenotype, which indirectly
can cause changes in the phenotype of NK cells,
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Figure 1. Relative number of NK-92 line cells expressing receptors (A) NKG2D, (C) NKp30, (E) KIR2DL3, as well as
the intensity of expression (MFI) of these receptors (B, D, F) in presence of IVIG

Note. The significance of differences: *, p < 0.05.

leading to a decrease in the number of NK cells
expressing inhibitory receptors, including KIR2DL3.

In this work, it was shown that the relative number
of NK cells expressing NKp44 activating receptor
after incubation with G-CSF was increased compared
to the number of NKp44* NK-92 line cells in the
presence of JEG-3 line cells and G-CSF (Figure 2C).
There were no changes in the intensity of expression
of this receptor in presence of G-CSF (Figure 2D).

NKp44 receptor expression is specific to activated
NK cells. Previously, a decrease in the relative number
of NKp44* peripheral blood NK cells was shown
after stimulation with IL-2 and IL-15 cytokines in
the presence of G-CSEF compared with NK cells
stimulated by IL-2 and IL-15 and without the addition
of G-CSF [11]. The decrease in the number of NK
cells expressing NKp44 may be due to both the direct
effect of G-CSF on NK cells and an indirect effect
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Figure 2. Relative number of NK-92 line cells expressing (A) KIR2DL3 and (C) NKp44, as well as the intensity of expression
(MFI) of these receptors (B, D) in presence of recombinant G-CSF

Note. The significance of differences: *, p < 0.05.

involving trophoblast cells. There were no differences
in the expression of other NK cell receptors in
the presence of IVIG and G-CSF preparations.

Conclusion

Thus, the effect of the IVIG on the expression
of NKG2D and NKp30 receptors by NK cells in
a model using NK-92 line cells was established.

It has been demonstrated that in the presence of
trophoblast cells of the JEG-3 line, IVIG and
G-CSF contribute to a decrease in the number
of NK cells expressing the KIR2DL3 receptor.
G-CSF caused a decrease of the number of NK cells
expressing NKp44 in the presence of trophoblast
cells. The results obtained can be associated with
both direct and indirect effects of the studied drugs
on the phenotype of NK cells.
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