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Abstract—Studies of interactions between natural killer (NK) cells and trophoblasts and identification of conditions for the
NK cells to perform their cytotoxic function are of fundamental and practical importance for understanding their role in
the development of pathological processes and complications during pregnancy. In this study, we examined changes in the
content of caspases and studied activation of these enzymes in Jeg-3 trophoblasts in various models of their coculturing with
NK-92 cells and demonstrated the necessity of direct contact between these cell populations for the activation of caspase-
8 and caspase-3 in the trophoblasts. Contact coculturing of the two cell lines resulted in the appearance of the cytotoxic pro-
tein granzyme B in Jeg-3 cells that was accompanied by a decrease in the content of this enzyme in NK-92 cells. Distant
coculturing of NK-92 and Jeg-3 cells did not trigger initiator and effector caspases characteristic for the apoptosis develop-
ment in Jeg-3 cells. The observed decrease in the content of procaspases in the trophoblasts may be associated with alter-

native non-apoptotic functions of these enzymes.
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Apoptosis plays a vital role in normal pregnancy and
placenta formation. Either inhibition or hyperactivation
of apoptosis as a result of disruption of its regulatory
mechanisms could cause the development of obstetric
complications and underlie pathogenesis of different dis-
eases of the fetus [1]. Currently, studies of apoptosis in
the placenta present a number of challenges associated
with acquiring primary biological material and estimat-
ing the contribution of different cell populations to this
process [2, 3]. That is why studies using various models of
interaction between trophoblasts and cells actively par-
ticipating in placental development (e.g., immune cells
providing immunological maternal tolerance to paternal
antigens expressed by the trophoblasts) are so important
[4]. Considering that one of the functions of natural
killer (NK) cells involves destruction of allogenecic cells,

Abbreviations: CFSE, 5(6)-carboxyfluorescein diacetate N-suc-
cinimidyl ester; dNK cell, decidual natural killer cell; FITC,
fluorescein isothiocyanate; IFN-y, interferon y; pNK cell,
peripheral blood NK cell; TNF-a, tumor necrosis factor o.

* To whom correspondence should be addressed.

interaction between trophoblasts and NK cells has
attracted significant attention of researchers. A great
body of information on decidual NK cells (ANK) is now
available, although the origin of these cells is still poorly
understood [5].

dNK cells contain large amounts of cytotoxic pro-
teins, such as the pore-forming protein perforin, gran-
ulysin, and specific serine proteases, including
granzymes A and B [6-9], and produce factors that medi-
ate trophoblast invasion and angiogenesis. On the other
hand, they can limit the extent of trophoblast invasion
via cytotoxic action due to the secretion of tumor necro-
sis factor-a (TNF-a) and interferon-y (IFN-y) [10, 11].
The inhibitory effect of trophoblasts is considered nowa-
days as one of the main factors altering the cytotoxicity of
NK cells in the placenta. A decrease in the cytotoxicity of
NK cells to the level that does not cause trophoblast
cytolysis is a required condition for normal invasion.
However, the results of studies on the changes in the cyto-
toxic activity of NK cells caused by their interaction with
various cells in the area of maternal-fetal interface are
contradictory [6, 12-14].
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There are several methods for evaluating the cytotox-
ic activity of NK cells. One of them involves activation of
intracellular cysteine proteases (caspases) [15].
Considering the key role of caspases in the apoptotic cell
death, as well as their participation in other biological
processes (e.g., cell differentiation) [16], it seemed espe-
cially interesting to examine the pattern of caspase activa-
tion in the trophoblasts after their contact with NK cells
in vitro.

The objective of this study was to evaluate the content
of cytotoxic proteins in the NK-92 cells and to analyze
activation of the initiator caspase-8 and effector caspase-3
in Jeg-3 trophoblasts in various coculturing models.

MATERIALS AND METHODS

Cells. Jeg-3 cell line (ATCC, USA) displaying mor-
phological, phenotypical, and functional characteristics
of invasive trophoblasts from the first trimester of preg-
nancy was used in the study [17, 18]. The cells were cul-
tured in DMEM complete growth medium supplemented
with 10% fetal bovine serum (FBS), 100 U/ml penicillin
and 100 ug/ml streptomycin, 0.5 mM L-glutamine, 1%
essential amino acids in MEM (Minimum Essential
Medium), and 1 mM sodium pyruvate (Sigma-Aldrich,
USA). The cell monolayer was detached with a mixture of
Versene and trypsin (1 : 1; Biolot, Russia). NK-92 cells
(ATCC) displaying basic phenotypic and functional char-
acteristics of activated NK cells [19, 20] were cultured in
a-modification Minimum Essential Medium (a-MEM)
containing 12.5% inactivated FBS, 12.5% inactivated
horse serum, 0.02 mM folic acid, 0.2 mM myo-inositol,
2 mM L-glutamine, 100 pg/ml streptomycin, 100 U/ml
penicillin, 10 mM HEPES, 0.1 mM 2-mercaptoethanol
(Sigma-Aldrich), and 500 IU/ml recombinant IL-2
(Roncoleukin; Biotekh, Russia). The cells were cultured
in an incubator in a humid atmosphere containing 5%
CO, at 37°C. Cell viability was examined using Trypan
blue and maintained at >96%.

Distant coculturing of NK cells and trophoblasts. In
order to prevent direct contact between NK-92 and Jeg-3
cells, we used the franswell experimental model [21] using
6-well plates with polycarbonate membrane inserts (pore
diameter, 1 um; membrane surface area, 4.8 cm?) (BD,
USA) that ensured cell—cell interactions via soluble fac-
tors only. Jeg-3 cells were seeded at a concentration of
1.2:10° cells per well in 8 ml of DMEM supplemented
with 10% FBS and incubated for 24 h to form a confluent
monolayer in the lower chamber (well in a 6-well plate).
On the second day, 4 ml of the medium was removed from
each well and polycarbonate membrane inserts were
placed into the wells. NK-92 cells in 4 ml of a-MEM
supplemented with 12.5% FBS were added to each insert
(1.8-10° cells per insert) (Fig. 1a). The cells were incubat-
ed for another 24 h in a humid atmosphere containing 5%
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CO, at 37°C. Individually cultured NK-92 and Jeg-3 cells
were used as controls.

Contact coculturing of NK cells and trophoblasts.
Jeg-3 cells were cultured in 75-cm? flasks (BD) in com-
plete DMEM at a concentration 2-10° cells/ml for 24 h to
50% confluency and then stained with 5(6)-carboxyfluo-
rescein diacetate N-succinimidyl ester (CFSE) according
to the manufacturer’s instructions (Sigma, USA). Next,
NK-92 cells were introduced at a concentration of 3-10°
cells per flask with the CFSE-stained cells and incubated
for 24 h in a humid atmosphere containing 5% CO, at
37°C. Following incubation, the cells were collected by
treating with Versene solution. NK-92 and Jeg-3 cells
cultured separately under identical conditions were used
as controls. Experiments with contact and distant cocul-
turing were carried out four times each; in each experi-
ment, four replicates of cocultured and control intact
cells were used.

Cell sorting. After contact coculturing, NK-92 and
Jeg-3 cells were sorted with a FacsArialll flow cytometer
(BD). Cell suspension in the Versene solution was washed
three times with warm DMEM using centrifugation at
200g. Next, the suspension was treated with antibodies
against CD45 (PerCP) in accordance with the manufac-
turer’s instructions (BD). Non-specific binding was eval-
uated using antibodies for the isotopic control (BD). The
cells were sorted according to the Purity protocol (Fig.
1b) with the flow cell tip diameter of 85 um. NK-92 cells
were identified as CD45-positive (CD45%)(PerCP); Jeg-3
cells — as CFSE (FITC)-labeled. The cells were sorted
based on the forward and side scattering in the FITC and
PerCP channels. Fluorescence gating was set based on the
analysis of samples treated with the isotype control.
Target cells for sorting (presort) were identified based on
the analysis the samples treated with the antibodies. To
control the quality of sorting of cells from different popu-
lations, the postsort procedure was employed according to
the manufacturer’s instructions. In all cases, the purity of
sorted NK-92 and Jeg-3 cells was no less than 99.0 =
1.0%. The fraction of viable cells after sorting was evalu-
ated by the 7-AAD staining (Biolegend, USA) and com-
prised 91.6 = 2.9%.

Immunoblotting. The cells were washed three times
with cold 0.01 M phosphate buffer (pH 7.4) and lysed in
RIPA buffer (50 mM Tris-HCI, pH 8.1, 1% Triton X-100,
0.1% SDS, 0.5% sodium deoxycholate, 1 mM EDTA,
150 mM NaCl) containing protease inhibitor cocktail
(Roche, Switzerland). The samples were centrifuged for
10 min at 16,000g to remove cell debris. Total protein
concentration in the samples was estimated using
Bradford protein assay [22]. The lysates were fractionated
by electrophoresis in 10% polyacrylamide gel according
to Laemmli and transferred onto a PVDF membrane.
The amount of procaspases and active caspases was eval-
uated using specific primary antibodies against caspase-8
[caspase-8 (1C12) mouse Ab, 1 : 1000; Cell Signaling,
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Fig. 1. Strategy used for conducting experiments on distant and contact coculturing of Jeg-3 and NK-92 cells. a) Schematic representation of
experimental setup for the distant coculturing of Jeg-3 and NK-92 cells in a 6-well plate. b) Gating strategy for the NK-92 and Jeg-3 cells used
for their sorting following contact coculturing: A) presort of NK-92 cells treated with anti-CD45(PerCP) antibodies and CFSE (FITC)-labeled
Jeg-3 cells; density plot in FSC—SSC coordinates, gate PS5 contains NK-92 and Jeg-3 cells; B) density plot in PerCP—FITC coordinates.
Quadrant NK-92 contains NK-92 cells labeled with CD45(PerCP). Quadrant Jeg-3 contains Jeg-3 cells labeled with CFSE (FITC); C) post-
sort of Jeg-3 cells in PerCP—FITC coordinates; D) postsort of NK-92 cells in PerCP—FITC coordinates.

USA] and caspase-3 (caspase-3 rabbit Ab, 1 : 1000; Cell
Signaling). Granzyme B and perforin in the Iytic granules
were stained with anti-granzyme B monoclonal mouse
antibody (1 : 1000; Biolegend) and anti-human perforin
mouse antibody (1 : 1000; Bioscience Inc., USA), respec-
tively. After incubation with HRP-conjugated goat anti-
rabbit or goat-anti-mouse antibodies (1 : 1000; BioRad,

USA), the signals were recorded using enhanced chemi-
luminescence (ECL GE, Sweden). The obtained data
were normalized to either B-actin (rabbit Ab against -
actin; Cell Signaling), or glyceraldehyde-3-phosphate
dehydrogenase [GAPDH (14C10) rabbit Ab, 1 : 1000;
Cell Signaling]. Caspase-3 activation was assessed as a
ratio of the active caspase-3 fragment (p17) produced as a

BIOCHEMISTRY (Moscow) Vol. 84 No. 10 2019



ROLE OF CASPASES IN THE INTERACTION OF NK-92 CELLS WITH TROPHOBLASTS

result of protein cleavage to the endogenous level of inac-
tive caspase-3 proenzyme (p35). Caspase-8 activation
was calculated as a ratio of its active fragment (p18) to the
procaspase-8 (p57) and expressed in arbitrary units.

Statistical data processing was carried out using
STATISTICA 10.0 program. The results were compared
using the non-parametric Mann—Whitney U-criterion or
t-test for independent samples. The data were tested for
the normality of distribution using the Shapiro—Wilk test;
and the uniformity of dispersion was assessed with the
Levene’s test. Variables with normal distribution are pre-
sented as mean * standard deviation (M = sd). In the
absence of normal distribution, medians were used (25th-
75th percentiles).

1189
RESULTS

The data presented in Fig. 2 demonstrate that the
amount of cytotoxic protein granzyme B was reduced in
the lysates of NK-92 cells (n = 6) after contact cocultur-
ing, while the content of perforin remained the same as in
the control NK-92 cells. No differences were observed
between the content of granzyme B and perforin in con-
trol cells and NK-92 cells after distant coculturing with
Jeg-3 cells (n = 6). Immunoblot staining revealed the
presence of granzyme B in Jeg-3 cells following contact,
but not distant coculturing with NK-92 cells.

The amount of procaspase-3 in the Jeg-3 cells after
distant coculturing with NK-92 cells was lower than in
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Fig. 2. Analysis of the cytotoxic protein content. Quantitative assessment of the granzyme B (a) and perforin (b) content in the lysates of NK-
92 cells following contact and distant coculturing with Jeg-3 cells and intact NK-92 cells (control, 100%); * p < 0.05, difference with the con-
trol. ¢) Immunostaining of Jeg-3 cells for granzyme B: 1) Jeg-3 cells after contact coculturing with NK-92 cell lines; 2) intact Jeg-3 cells (con-

trol); 3) intact NK-92 cells; 4) molecular weight markers.
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the intact Jeg-3 cells (control) (p < 0.05). Despite the dif-
ference in the ratio of the active caspase-3 fragment to
procaspase-3 in the control and cocultured Jeg-3 cells, no
significant differences were observed in the levels of active
caspase-3 fragment in the lysates of Jeg-3 cells after dis-
tant coculturing with NK-92 cells and control Jeg-3 cells
(n = 4) (Fig. 3a). The content of procaspase-8 in the Jeg-
3 cells distant coculturing with NK-92 cells for 24 h was
reduced in comparison with the intact Jeg-3 cells. The
content of active caspase-8 fragment in the Jeg-3 cells
after their distant coculturing with NK-92 cells was the
same as in the control Jeg-3 cells. No differences were
observed in the activation of caspase-8 expressed as a
ratio of the intensity of the active caspase-8 fragment
staining to the intensity of procaspase-8 staining in Jeg-3
cells after distant coculturing with NK-92 cells and intact
Jeg-3 cells (n = 4) (Fig. 3b).

MILYUTINA et al.

Increased caspase-3 activation was observed in Jeg-3
cells after contact coculturing with NK-92 cells in com-
parison with intact Jeg-3 cells. The ratio between the
amounts (staining intensities) of active caspase-3 frag-
ment and procaspase-3 was higher in Jeg-3 cell after con-
tact coculturing with NK-92 cells than in intact Jeg-3
cells (p < 0.05) (n = 4). Unlike distant coculturing,
changes in this parameter were associated with the
increased level of caspase-3 active fragment in Jeg-3 cells
after contact coculturing with NK-92 cells in comparison
with the control Jeg-3 cells. No significant difference in
the intensity of procaspase-3 band in the control and
cocultured Jeg-3 cells was observed (n = 4) (Fig. 4a).

Simultaneously with the appearance of the active cas-
pase-3 fragment, we observed an increase in the degree of
activation of caspase-8 (ratio of active caspase-8 fragment
to procaspase-8) in Jeg-3 cells after contact coculturing
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Fig. 3. Activation of caspases in the Jeg-3 cells following distant coculturing with NK-92 cells. a) Caspase-3 activation in Jeg-3 cells: A) ratio
of the intensity of active caspase-3 fragment staining to the intensity of procaspase-3 staining in intact Jeg-3 cells (control) and Jeg-3 cells after
distant coculturing with NK-92 cells (test); B) effect of NK-92 cells on the intensity of caspase-3 active fragment and procaspase-3 staining
in Jeg3 cells after distant coculturing; C) immunoblot of caspase-3 in Jeg-3 cells. b) Caspase-8 activation in Jeg-3 cells: D) ratio of the inten-
sity of active caspase-8 fragment staining to the intensity of procaspase-8 staining in intact Jeg-3 cells (control) and Jeg-3 cells after distant
coculturing with NK-92 cells (test); E) effect of NK-92 cells on the intensity of caspase-8 active fragment and procaspase-8 staining in Jeg3
cells after distant coculturing; F) immunoblot of caspase-8 in Jeg-3 cells; * p < 0.05, difference with the control.
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with NK-92 cells in comparison to intact Jeg-3 cells (p <
0.05) (n = 4). The change in this ratio was associated only
with the appearance of the caspase-8 fragment p18 in the
cocultured cells (p < 0.05), since no differences were
observed between the intensity of procaspase-8 staining in
Jeg-3 cells after contact coculturing with NK-92 cells and
in intact Jeg-3 cells (n = 4) (Fig. 4b).

DISCUSSION

Protection of semi-allogeneic trophoblasts from
death caused by their interaction with cytotoxic cells of
the maternal immune system is a strategic physiological
task accomplished by the organism during pregnancy.
That is why trophoblasts possess a wide variety of protec-
tive mechanisms aimed at maintaining their viability.

1191

Mutual effects of trophoblasts and NK cells can be evalu-
ated when the cells are brought into contact. The
immunoregulatory (mainly immunosuppressive) role of
compounds synthesized by trophoblasts (syncytin-1,
NKG2D receptor ligand, and others) toward the mater-
nal immune system has been demonstrated recently [23,
24]. It was also found that trophoblasts produce IL-10
[25, 26] and TGFp [27].

NK cells, peripheral blood NK (pNK) cells, and
NK-92 cell used in this study become activated upon
interaction with other cells in which they are recognized
as target cells. Numerous cytotoxic proteins are released
into the cytoplasm of the target cell as a result of the
immunological synapse formation, which, in turn,
induces apoptosis [28-30]. It is possible that NK-92 cells
can exhibit their cytotoxic effect on trophoblasts during
contact coculturing. This suggestion was corroborated by
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Fig. 4. Activation of caspases in Jeg-3 cells following contact coculturing with NK-92 cells. a) Caspase-3 activation in Jeg-3 cells: A) ratio of
the intensity of active fragment of caspase-3 staining to the intensity of procaspase-3 staining in intact Jeg-3 cells (control) and Jeg-3 cells
after contact coculturing with NK-92 cells (test); B) effect of NK-92 cells on the intensity of caspase-3 active fragment and procaspase-3
staining in Jeg3 cells after contact coculturing; C) immunoblot of caspase-3 in Jeg-3 cells. b) Caspase-8 activation in Jeg-3 cells: D) ratio of
the intensity of active caspase-8 fragment staining to the intensity of procaspase-8 staining in intact Jeg-3 cells (control) and Jeg-3 cells after
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the fact that granzyme B was observed in Jeg-3 cells fol-
lowing their contact culturing with NK-92 cells. The
presence of granzyme B in Jeg-3 cells is accompanied by
a decrease in its content in NK-92 cells, which indicates
targeted secretion of this enzyme.

In addition, NK cells can activate apoptosis in the
target cells by introducing death receptors, such as pro-
teins of the tumor necrosis factor receptor family
(TNFR) including Fas (CD95), to the cell surface [31-
33]. We demonstrated that contact coculturing of NK-92
and Jeg-3 cells resulted in the activation of the contact-
dependent apoptosis mediated by the initiator caspase-8
in the Jeg-3 cells. It was shown that the trophoblasts
express Fas and other death receptors (TRAIL-R1 and
TRAIL-R2) on their surface [34]. Caspase-8 has been
initially characterized as an initiator of the external apop-
totic pathway. Later, observations of caspase-8 activation
in many types of tumors have resulted in the discovery of
its alternative non-apoptotic functions [35, 36]. Caspase-
8 is completely activated only after a two-step process
involving initial dimerization of procaspase-8. In this
step, the enzyme displays low catalytic activity toward a
narrow range of substrates. Full activation requires the
second proteolytic step. Autoprocessing produces small
p10 subunit and intermediate p43 subunit (DEDs-p18).
It is followed by the cleavage of the death effector
domains (DEDs) resulting in the release of the large p18
subunit with the cysteine-containing active site (as
detected by immunoblotting technique) [37]. This
increases the range of enzyme substrates, including cas-
pase-3 [38]. The presence of p18 subunits in the cells is
usually considered as a marker of caspase-8 activation.
Many non-apoptotic functions of caspase-8 depend on
the phosphorylation of tyrosine 380 residue located in the
linker between the large and small enzyme subunits,
which promotes cell resistance to the CD95-induced
apoptosis. It has been suggested that the suppression of
apoptosis in this case is due to the inhibition of caspase-8
cleavage, which is manifested by a decrease in the forma-
tion of p18 or its complete disappearance [37, 39]. It was
shown that caspase-8 activation accompanied by the
expression of phosphatidylserine on the cytoplasmic
membrane outer side is not always associated with the cell
death. A similar process in trophoblasts could be a conse-
quence of cell fusion and formation of syncytial layer
[40], as demonstrated in the in vitro JAR choriocarcino-
ma model [41]. However, JAR cells (similarly to Jeg-3
cells) do not undergo massive syncytialization as, for
example, BeWo cells [42-44]. Furthermore, it was shown
for the forskolin-mediated fusion of BeWo cells, syncy-
tialization is accompanied by a decrease of the levels of
procaspase-3 (after 24-h culturing) and procaspase-8
(after 48-h culturing) due to the downregulated expres-
sion of these proteins. This was supported by the observed
decrease in the transcription of the respective mRNA
during syncytium formation and by the absence of active
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fragments of caspase-3 and caspase-8 [42]. We also
detected the decrease in the levels of procaspase-3 and
procaspase-8 and the absence of active fragments of the
respective caspases in Jeg-3 cells following distant cocul-
turing with NK-92 cells. Based on these facts, we suggest
that the process of syncytium formation by Jeg-3 cells can
be enhanced by distant coculturing with NK-92 cell, but
this hypothesis requires further investigation. The levels
of procaspase-3 and procaspase-8 in the experiments on
the contact coculturing of Jeg-3 and NK-92 cells were the
same as in the control Jeg-3 cells. It is possible that NK-
92 cells stimulate the cleavage of procaspase-8 in Jeg-3
cells during contact coculturing, likely via activation of
death receptors. At the same time, it was demonstrated
that Jeg-3 cells contain large amounts of mRNA for the
TRAIL-R3 receptor, which does not have functional
death domains and operates as a “bait” [45]. It was also
found that choriocarcinoma cells are resistant to TRAIL
[46]. Hence, these observations require further investiga-
tion as well.

Each step of the apoptotic cascade in trophoblasts is
strictly controlled by endogenous inhibitors. Some of
these inhibitors demonstrate significant homology with
caspase-8, which allows them to block its activation and
prevent receptor-dependent apoptosis [1]. A number of
researchers consider that the cleavage of procaspase
detected by immunoblotting does not imply that its acti-
vation [47]. They emphasize that the absolute require-
ment of activation is dimerization, and that the cleavage
in the absence of dimerization does not result in activa-
tion [47-49]. That is why evaluation of caspase-8 activity
by immunoblotting technique should involve assessment
of caspase-3 activation in addition to the detection of the
cleaved fragment p18. It is also important to examine the
enzymatic activity of this protein using specific substrates
[50]. However, we could not use this assay because of the
cross-reactivity of caspase-8 and granzyme B towards the
majority of commonly used substrates containing the Ile-
Glu-Thr-Asp sequence. Moreover, the mechanisms of
apoptosis inactivation in trophoblasts take place down-
stream of caspase-8 activation [51]. At the same time, the
cleavage of caspase-3 in Jeg-3 cells following their con-
tact coculturing with the NK-92 cells is an indicator of
irreversible apoptosis development. This fact can cast
some doubt on the suggestion that apoptosis inactivation
in our experiments on contact coculturing was mediated
by trophoblasts. Caspase-3 activation can be associated
not only with the action of caspase-8 but results from
other events. For example, it can be activated directly by
the lytic granule proteins delivered from NK cells as a
result of immunological synapse formation [52]. As men-
tioned above, the substrate specificity of granzyme B is
similar to that of caspase-8; hence, granzyme B can
cleave zymogen forms of other caspases (e.g., caspase-3)
[53-55]. It can also activate caspases via mitochondrial
pathway by stimulating the release of cytochrome ¢ and
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Fig. 5. Mechanism of caspase activation in Jeg-3 cells following in vitro distant or contact coculturing with NK-92 cells.

other apoptogenic molecules to the cytoplasm with sub-
sequent activation of caspase-9 and then caspase-3 [56].
Nevertheless, the observed markers of apoptosis in the
trophoblasts in the presence of NK cells require detailed
investigation because trophoblasts have a mechanism
protecting them from NK cells that involves expression of
HLA-G and HLA-E [57]. Trophoblasts also express
death receptor ligand both on the surface and in soluble
form [1]. Besides, it should be taken into account that
NK-92 cells used in this in vitro model differ from pNK or
dNK cells.

Taking this into consideration, we based our conclu-
sions on our studies of pNK cells [58] and results report-
ed by other researchers [59] that suggest the possibility of
extrapolation of this type of data to the maternal NK
cells, because NK-92 cells display main phenotypical and
functional characteristics of human NK cells.

It is possible that the cytotoxic response of NK-92
cells toward the trophoblasts could be associated with the
insufficiency of inhibitory signaling from Jeg-3 cells. It
has been found that NK-92 cells do not express receptors
of the KIR family on their surface [60]. However, low-
level expression of KIR2DL4 and ILT-2/CDS85 that rec-
ognize directly the trophoblast HLA-G has been observed
in NK-92 cells, and this expression was upregulated by
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coculturing with the BeWo trophoblasts [4]. HLA-E
receptors NKG2A and NRG2B are actively expressed by
NK-92 cells [60]. Hence, despite the fact that NK-92
cells are considered as cells with enhanced cytotoxic
activity and high level of cytotoxic proteins, their func-
tioning can be inhibited by trophoblasts via various mech-
anisms.

No changes in the content of cytotoxic proteins in
the NK-92 cells were observed during their distant cocul-
turing with Jeg-3 cells. It was shown that changes in the
array of cytokines secreted by dNK cells occurred only
during their contact but not distant coculturing with tro-
phoblasts [61]. Accumulation of granulysin from dNK
cell in the EVT cells (the most invasive cells of embryon-
ic origin) was demonstrated following their contact
coculturing, which caused activation of apoptosis in the
EVT cells [52]. The importance of cell—cell contacts (and
not only soluble factors) in the functioning of tro-
phoblasts has been also reported in other studies [62]. The
data obtained in this work confirm the role of contact
interaction between the trophoblasts and NK cells.

The outcomes of the interaction between NK-92 and
Jeg-3 cells in the presence or absence of direct contact
between them, as well as the suggested mechanisms of
caspase activation in Jeg-3 trophoblasts, are presented in
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Fig. 5. Our results indicate that contact coculturing of
Jeg-3 and NK-92 cells in vitro is characterized by the
granzyme B secretion by NK-92 cells, which results in
the activation of caspases and could cause the death of
trophoblasts. The pattern of changes in the levels of cas-
pase-3 and caspase-8 in the absence of direct contact
between the populations of these cells suggests possible
activation of processes associated with the syncytium for-
mation by Jeg-3 cells.
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