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OENPUBALING VEGF BJIMFAET HA 9KCMPECCUIO
SHAOINNHA B KNIETKAX TPO®POBJIACTA U ECTECTBEHHbIX
KWUJIJIEPAX

Teinyk E.B., [Ileaucosa E.A.,, Mapko O.B., Koran I1.10., CeabkoB C.A.,
Coxodaos /1IN

DI'BHY «Hayuno-uccaedosamenbcKuil UHCMUMYym aKyuepcmed, 2UHeK0A02UU U Penpo0yKmoao2Uuu UMeHU
.0. Omma», Cankm-Ilemepoype, Poccus

Pesome. benku cemeiictBa VEGF yJacTBYIOT B pa3BUTHUHM MHOTHX KJIETOYHBIX MOITYJISIINIA: SHIOTEIN-
aJIbHBIX KJIE€TOK, MOHOIIUTOB U MaKpodaroB, CTBOJIOBBIX KJIETOK, OMyXOJEBbIX KJIETOK, MBIIIICUHBIX KJIIETOK
CTEHOK COCYIOB, KJIETOK TpodobaacTa U B 1LIeJIOM JIIOOBIX KJIETOK, aKcnpeccupywoux perentopsl K VEGE
Hapymenust, 3atparuBatorne nponykino 6ekoB VEGF m npoBeneHre CUTHAIOB OT HUX, IPUBOIST KO
MHOT'MM MaTOJOTUYECKUM COCTOSIHUSIM, B TOM YKCJIe K aHOMaIWSIM pa3BUTHUS TUTalieHThI. KiieTku Tpodobia-
CTa SIBJISIIOTCSI OCHOBHOM MOIyJIsLMel KJIeToK, hopMupytoneit miameHTy. OHU BOBJIEYEHBI B IIPOLIECCHI Ce-
kpeunn u peruermimn VEGE, akropa, HeoOxommMoro 1yt odecrneueHrsI aHTuoreHe3a. HecMoTps Ha 310, Ha
MaHHBIA MOMEHT B JIMTepaType HEAOCTAaTOYHO NaHHBIX O BAMUSIHUU TIpoBeneHus curHaiaoB oT VEGF B kiet-
Kax Tpodobacta Ha X yHKIMOHaAbHbIE 0cOOeHHOCTU. Cpean KJIETOK OKpYKeHUsI TpodoobJiacTa, KOTOphIe
MOTYT BO3ICHCTBOBATh HA MX aKTUBHOCTH B X0OJI¢ OEpEeMEHHOCTH, 0CO0OI TPYIIION SIBIISIFOTCSI MaTe PUHCKUEC
MMMYHHBIE K1eTKHU, B yacTHOCTH NK-knetku. [IprHrMas Bo BHUMaHMe BBICOKYIO YncieHHOCTh N K-KiteTok
B JeluayabHOW 000JI04Ke, HEOOXOIMMO YYUTHIBATh UX BKJIaA B U3MEHeHUEe (peHOTUIa KJIeTOK Tpodobdia-
cta. B HacrosimeM ucciemoBaHny n3ydaiachk akcapeccust NK-kineTkamMm n KieTKaMu TpodobiacTta 6eJIKOB
MICA u MICB, a Taxxke peuenrtopa CD105. Monekynsl MICA u MICB saBnsioTcss MapkepaMu cTpecca
U MO3BOJISIIOT CYAUTh O XXKM3HecnocobHocTu KiaeTok. Penentop CD105 skcnpeccupoBaH Ha MOBEPXHOCTU
HEKOTOPBIX TIOMYJISIIINI KJIETOK U yYacTBYET B repeaade curHaia ot 6enkos cemetictea TGF-fB. B wactHo-
CTU, TI0Ka3aHO, YTO DHAOINUH perynupyeT curHaiuHr ot TGF-f nyrem HanpaieHuUsl curHaia yepes3 myTu
SMAD2/3 nnu SMAD1/5/8. DHAOTIWH, COTJIACHO JIMTEpaType, MHTMOMPYET CUTHAIMHI, 3a/IeHCTBYIOIINIA
6ermok SMAD3. Urpaet 1u 3HIOTIWH Ty Xe poib B ciiydae NK-kireTok u Tpodobiracta, HeM3BeCcTHO. M3-
y4eHre M3MEHEHUI B 3KCIIPECCHMM SHIOIVIMHA SIBJISIETCS aKTyaJlbHOUW MPOOJEeMOi, MOCKOJBbKY CUTHAIbI
ot TGF-3 HeoOxonuMbl Npy nuddepeHIIMPOBKE MOMYIsUUi TpodobiacTta, a HApyIIeHUsI B MeXaHU3Max
CUTHAJIMHTa MOTYT IIPUBOONUTH K HEBRIHAIIMBaHUIO. B pe3ynbrare ucciemoBanms Mbl mokasanu, 4to VEGF
WUIpaeT PoJib B PETYJISIIMU aKTUBHOCTU Tpoo0OJ1acTa U €CTeCTBEHHBIX KMJUIEpOB. B yacTHOCTH, nenpuBaiius
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VEGF-A MOHOKJIOHAJIbLHBIMM aHTUTEJIaMU MPOTUB 3TOr0 LIUTOKMHA MPU COKYJIBTUBUPOBAHUM Tpodobiia-
cta 1 NK-kjreTok mpuBoAauT K yrHeTeHuIo skcrpeccun CD105 odbenMu nmonysiuusgMu KiaeTok. IIpu aTom
cyTouHast UHKyOauus Tpogoodaacta ¢ aHtutreaamu K VEGF He BbI3bIBaia UBMEHEHUI B UX YCTOMUYMBOCTU K
LUTOTOKCUYECKOM aKTMBHOCTH €CTECTBEHHBIX KMJIJIEpOB. BMecTe moyyeHHbIe pe3ybTaThbl TOBOPSIT O TOM,
yto nenpuBaiusi VEGF nmpuBoauT K 3HaYMMbIM U3MEHEHUSIM B perieniuu 6enkoB cemerictea TGF-f3 kiet-
KaMu TpogobacTa U eCTECTBEHHBIMU KUJIJIEpaMU.

Karouesnie cnosa: antiVEGF, CD 105, sndoeaun, NK-kaemku, mpogobaacm, TGF-3

VEGF DEPRIVATION AFFECTS ENDOGLIN EXPRESSION
IN TROPHOBLAST CELLS AND NATURAL KILLERS

Tyshchuk E.V.,, Denisova E.A., Marko O.B., Kogan 1.Yu,,
Selkov S.A., Sokolov D.I.

D. Ott Research Institute of Obstetrics, Gynecology and Reproductology, St. Petersburg, Russian Federation

Abstract. Vascular Endothelial Growth Factors (VEGFs) are a group of proteins involved in differentiation
of various cell types including endothelial cells, monocytes, macrophages, stem cells, tumor cells, vascular
smooth muscle cells, trophoblast cells, and other cell populations that express VEGF receptors. Pathological
conditions, such as abnormalities in placental development, can be caused by altered production and signaling
of VEGFs. Trophoblast cells play a significant role in placental formation and are essential for angiogenesis due
to their secretion and reception of VEGE However, there is a lack of information in the literature regarding
the influence of VEGF on functional characteristics of trophoblast cells. Maternal immune cells, particularly
natural killer (NK) cells, have been shown to affect the activity of trophoblasts during pregnancy. Given the
high abundance of NK cells in decidual tissue, it is important to evaluate their potential influence on phenotype
of trophoblast cells. In this study, we investigated the expression of MICA, MICB, and CD105 proteins by NK
cells and trophoblast cells. MICA and MICB are stress markers that allow us to assess cell viability. CD105
is a receptor expressed on the surface of various cell types. It plays a role in signal transmission from TGF-f3
family proteins. In particular, endoglin has been shown to regulate signaling from TGF- by directing signals
through the SMAD?2/3 or SMAD1/5/8 pathways. According to the literature, endoglin inhibits the SMAD3-
mediated signaling. However, similar effects of endoglin have not been confirmed for NK cells and trophoblasts.
The studies of endoglin expression levels are of importance, since the signals from TGF-f3 are essential for
differentiation of trophoblast cells. Disruption of TGF-p signaling can lead to pregnancy complications and
miscarriage. We have demonstrated that VEGF plays a role in regulating the activity of trophoblasts and NK
cells. In particular, treatment with neutralizing monoclonal antibodies to VEGF-A was associated with reduced
expression of CD105, a VEGF coreceptor, on trophoblasts and NK cells under co-culture conditions. However,
pretreatment of trophoblasts with anti-VEGF antibodies did not alter their resistance to the cytotoxic activity
of NK cells. Taken together, these findings suggest that inhibition of VEGF signaling results in significant
changes in reception of TGF-3 family proteins by trophoblasts and natural killer cells.

Keywords: antiVEGF, CD105, endoglin, NK cells, trophoblasts, TGF-f3
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Introduction

strategies for pregnant women in high-risk groups to
improve obstetrical and perinatal outcomes”, con-
ducted at the D. Ott Research Institute of Obstetrics,

Members of the VEGF family of proteins regulate
vascular growth [3]. Many pathological conditions,
including abnormalities of placenta development, are
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associated with complications in the production of
VEGF proteins and the transmission of signals from
them [22]. There are three types of VEGF receptors:
VEGFRI1,whichbindsVEGF-A, VEGF-B, PIGFE and
VEGF-F, VEGFR2, whichbinds VEGF-A, VEGF-E,
VEGF-C, and VEGF-D; and VEGFR3, which
binds VEGF-C and VEGF-D [28]. These receptors
cause the activation of different signaling pathways
in cells. The activation of VEGFR1 and VEGFR2
receptors is involved in the process of angiogenesis,
both physiological and pathological, while VEGFR3
regulates the process of lymphangiogenesis [39].

Speaking about the participation of VEGFRI
and VEGFR2 in the regulation of angiogenesis,
it should be noted that VEGFR2 plays a primary
role in the activation of many processes in cells
related to proliferation, migration and blood vessel
formation. However, the involvement of VEGFRI1
in these processes cannot be denied either, since
experiments with the deletion of the murine gene
encoding VEGFRI1 resulted in pathological vascular
development and the embryonic death [5, 11]. It has
been shown that VEGFRI1 has a much higher affinity
for VEGF-A compared to VEGFR2. However,
the level of phosphorylation of VEGFRI1 after
activation is lower than that of VEGFR2, which could
explain the more active participation of VEGFR2
in the regulation of angiogenesis [17, 44]. Another
characteristic of VEGFRI is the existence of a soluble
form of the receptor, sFItl, which has an affinity for
A-VEGTF that is comparable to that of the membrane
form [20]. Since increased VEGFRI1 expression
leads to a decrease in the concentration of VEGF-A
available to bind to VEGFR2, VEGFRI1 is thought
to act as a regulator of signal transduction through
VEGFR?2 [26].

VEGEF is involved in the development of various
cell types, including endothelial cells, monocytes,
macrophages, stem cells, tumor cells, vascular smooth
muscle cells, trophoblast cells, and any other cells that
express VEGF receptors [10, 28, 36]. VEGFRI1 is also
expressed by NK cells [6]. Many studies have shown
high levels of VEGF-A expression in the placenta,
particularly in macrophages, endometrial glandular
cells, leukocytes, endothelial cells, vascular smooth
muscle cells, in villous and extravillous trophoblasts,
and in NK cells [8, 18, 19, 36, 37]. Disruption of
VEGEF signaling has been shown to be associated
with pregnancy complications. For example, an
increase in the concentration of sFItl in serum is
a sign of preeclampsia, as it competes for VEGF
binding with membrane VEGF receptors [7, 26, 51].
In addition, the intensity of VEGFRI1 expression
by syncytiotrophoblasts was found to be increased

in cases of preeclampsia, compared to healthy
pregnancies [51].

Maternal immune cells, particularly NK cells,
are an important group of cells in the trophoblast
microenvironment. During the first trimester, this
cell population accounts for approximately 70% of
all leukocytes within the decidua, highlighting the
significance of their functions [1]. NK cells play a
crucial role in the transformation of uterine spiral
arteries and the regulation of trophoblastic invasion
intotheuterine mucosa[33,48]. Asalready mentioned,
both trophoblasts and NK cells have receptors for
VEGF and are capable of secreting VEGE Therefore,
they are able to regulate each other’s activity in an
autocrine and paracrine way.

The interaction between NK cells and trophoblasts
is one of the key factors supporting the pregnancy,
as these cells are involved in the development of
placental tissue. In this regard, the investigation of
interactions mediated by both secretory products
and receptors of trophoblasts and NK cells is of great
importance. In particular, in the field of reproductive
medicine, a lot of studies have been focused on the
synthesis and reception of VEGE, a factor necessary
for angiogenesis. However, despite this, there are
currently insufficient data in the literature on the
effect of VEGF on the functional characteristics of
these cells [38]. Therefore, the aim of this study was to
evaluate the role of VEGF in maintaining the viability
of trophoblast and NK cells. To achieve this goal,
bevacizumab was used. It is an antibody that binds
to the VEGF-A and prevents it from binding to its
receptors [32]. Bevacizumab is already widely used
to treat choroidal neovascularization and diabetes
complications [30], as well as various tumors and other
abnormal angiogenesis-related conditions [12, 16,
34]. In this study, we investigated the surface markers
of NK cells and trophoblasts, specifically the MICA
and MICB proteins. These proteins function as stress
markers and help determine cell viability. Additionally,
we studied the CD105 receptor, which is expressed on
endothelial cells, trophoblasts, and other cell types.
This receptor plays a role in the transmission of signals
from TGF-B family proteins [23].

It has been demonstrated that signals from TGF-f3
play a crucial role during placentation as they are
essential for the differentiation of trophoblast popu-
lations [15,49]. Disruptions in signaling pathways
can lead to pregnancy loss [45]. Using an endothelial
cell model, it has been shown that endoglin regulates
TGF-B signaling by directing the signal via the
SMAD2/3 or SMAD1/5/8 pathways. Signaling along
the SMAD1/5/8 pathway promotes proliferation and
migration of endothelial cells, thereby stimulating
angiogenesis. In contrast, activation of the SMAD2/3
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pathway has an anti-angiogenic effect [23]. Endoglin,
according to the literature, inhibits the signaling
pathway involving the SMAD?3 protein [14]. Whe-
ther endoglin plays a similar role in NK cells and
trophoblasts is currently unknown. However, it has
been demonstrated that SMAD proteins, which are
involved in these signaling pathways, are active in
trophoblast cells [4, 47], and only SMAD2/3 have
been identified in NK cells [50].

Materials and methods

Cell lines

The study was conducted using the JEG-3 and
NK-92 cell lines (ATCC, USA), which reflect the
main characteristics of extravillous trophoblasts and
natural Killer cells, respectively [13, 21]. The cells were
cultured according to the manufacturer’s instructions
(ATCC, USA). Recombinant IL-2 (‘Roncoleukin’,
BIOTECH, St. Petersburg, Russia) was used as a
growth factor for the NK-92 cells. Cell viability in
all experimental settings was assessed using trypan
blue staining. The viability was at least 95% for each
experiment.

Inductors

Antibodies to VEGF (5000 nM, Avastin, F. Hoff-
mann — La Roche Ltd., Switzerland, Germany) were
used as inducers.

Assessment of the phenotype of JEG-3 and NK-
92 cells after incubation in the presence of anti-VEGF
antibodies

JEG-3 cells were cultured in 5 mL of medium in
25 cm flasks (BD Biosciences, USA) with a density of
1 x 10° cells, for 48 hours. After this period, 1.5 x 10°
NK-92 cells were pre-treated with carboxyfluorescein
diacetate succinimidyl ester (CFSE), in accordance
with the manufacturer’s instructions (Sigma-Aldrich,
USA). The cells were then added to part of the flasks.
NK-92 cells, stained with CFSE, and intact JEG-3
cells were used as controls. After that, the mono-
and co-cultured cells were treated with antibodies
to VEGE After a 22-hour incubation period, the
JEG-3 cells were removed from the flasks using a
scraper without using a trypsin-versene solution. The
cells were treated with Fc-block reagent (Miltenyi
Biotec, Spain) and monoclonal antibodies against
CDY%, CD45, CD105, MICA, MICB, NKG2D, and
NKG2A (R&D, BD Biosciences, USA) in accordance
with the manufacturer’s instructions. Appropriate
isotypic antibodies (R&D, BD Biosciences, USA)
were used as a control for non-specific binding.
The expression of the markers and cell fluorescence
intensity were evaluated using a FacsCantoll flow
cytometer (BD Biosciences, USA). There were four
biological replicates with one technical replicate for
each experiment.

Assessment of the cytotoxic activity of NK-92 cells
toward JEG-3 cells

The cytotoxic activity was assessed as described
previously [29]. JEG-3 cells were cultured in a flask at
a concentration of 2.5 x 105/10 mL of medium. After
2 hours, antibodies to VEGF were added to the flask.
After culturing for 22 hours, the JEG-3 cells were
washed and stained with a CASE solution following
the manufacturer’s instructions (Sigma-Aldrich,
USA). The stained JEG-3 cells were removed from
the flasks using trypsin and versene solution and
then transferred to the wells of a 96-well round-
bottom plate (BD Biosciences, USA). Next, NK-92
cells were added to the wells containing JEG-3 cells
at a 10:1 ratio (effector:target). The plate was then
centrifuged for 5 minutes at 100 g. After 4 hours of
incubation, the cells were stained with a propidium
iodide solution according to the manufacturer’s
instructions (Sigma-Aldrich, USA). The percentage
of dead JEG-3 cells was assessed using a FacsCantoll
flow cytometer (BD Biosciences, USA) following a
previously described gating strategy [29]. There were
three biological replicates and two technical replicates
in each experiment.

Statistical analysis

GraphPad Prism 8 software was used for statistical
analysis. Statistical comparisons between groups were
conducted using a non-parametric Mann—Whitney
U test. Differences were considered significant at
p <0.05.

Results

The expression of MICA and CD105 proteins by
JEG-3 cells was altered in the presence of antibodies to
VEGF and NK-92 cells

Analysis of the phenotype of JEG-3 cells revealed
that approximately 12% of the cells express the MICB
molecule, approximately 16% express MICA, and
18.5% express the CD105 receptor (Figure 1A).

The co-culture of JEG-3 cells with NK-92 cells,
compared to monoculture, resulted in a two-fold
increase in the percentage of JEG-3 cells expressing
the CD105 receptor. The percentage of JEG-3 cells
expressing MICA and MICB molecules remained un-
changed under these conditions. Analysis of the mean
fluorescence intensity after co-culture with NK-92
cells compared to monoculture showed no change in
the expression intensity of MICA, MICB, and CD105
proteins by JEG-3. Analysis of the JEG-3 cells
phenotype after its co-culture with NK-92 cells in the
presence of antibodies to VEGF showed a decrease
in the percentage of JEG-3 cells expressing MICA
and CDI105 proteins compared to the baseline level
during co-cultivation, The percentage of JEG-3 cells
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Figure 1. The percentage of trophoblast cells (JEG-3) expressing MICA, MICB, and CD105 proteins (A), and the intensity
of expression of these markers (B) in the presence of antibodies against VEGF (antiVEGF) in mono- and co-culture with

natural killer cells (NK-92)
Note. Differences from isotype control: ***, p < 0.001. Differences between

expressing the MICB receptor remained unchanged
(Figure 1A).

Co-culture of JEG-3 cells with NK-92 cells, as
well as treatment with antibodies to VEGEF, did not
affect the intensity of expression of MICA, MICB,
and CD105 proteins by the cells (Figure 1B).

The phenotype of NK-92 cells was affected by
the presence of antibodies to VEGF and JEG-3 cells

Analysis of the NK-92 cell phenotype has revealed
that the entire population of studied cells expresses the
NKG2D receptor on their surface and approximately
75% express the CD94 receptor. Additionally, the
MICA protein has been found to be expressed on
1.5% of the cells, the MICB protein on 10.5%, and
the CD105 protein on 26% (Figure 2).

When co-cultured with JEG-3 cells, NK cells re-
duced the expression level of CD94, compared to the
level observed during monoculture, including in the
presence of antibodies to VEGF. On the contrary,
the percentage of NK-92 cells expressing the MICA

groups: #, p < 0.05; ###, p < 0.001.

protein increased under conditions of co-culture com-
pared with monoculture. The percentage of NK-92
cells expressing NKG2D, MICB, NKG2A, and
CD105 molecules under co-culture conditions did
not change compared to monoculture (Figure 2).
The cultivation of NK-92 cells in the presence of
antibodies to VEGF led to a decrease in the number
of cells expressing the CD105 receptor (Figure 2).
Co-culture of NK-92 cells with JEG-3 cells
showed an increase in the intensity of expression of
NKG2D, CD94, and CDI105 receptors by NK-92
cells compared to monoculture. The results indicate
functional activation of NK cells in the presence of
target cells. Additionally, the intensity of expression of
MICA and MICB proteins by NK cells also increased
under co-culture conditions (Figure 3). Treatment
of NK cells with antibodies to VEGE, both in mono-
and coculture, leads to a decrease in the intensity of
expression of the CD105 receptor (Figure 3). This
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result may suggest changes in TGF-f3 signaling in the
absence of VEGE

Pretreatment of JEG cells with antibodies to VEGF
did not affect their survival in the presence of NK cells

Analysis of the cytotoxic activity of NK-92 cells
toward JEG-3 cells showed that, in the presence
of NK cells, the mortality rate of JEG-3 was higher
than the baseline mortality rate. Pretreatment of JEG
cells with antibodies to VEGF did not influence their
viability in the presence of NK cells (Figure 4).

Discussion

Trophoblast cells and natural killer cells are
important participants in the process of placentation.
Both cell populations are capable of secretion and
reception of VEGE Previously, it has been found
that VEGF affects the proliferation and survival of
trophoblast cells [51]. VEGF also induces activation
of NK cells adhesion [27]. Nevertheless, there is a lack
of data in the literature on the role this factor plays in
the cell activity. In this regard, we evaluated changes
in the phenotype of JEG-3 trophoblast and NK-92
natural killer cells after their mono- or co-culture in
the presence of antibodies to VEGE

In this study, the expression of CD105, MICA,
and MICB proteins was evaluated. Endoglin (CD105)
is a coreceptor for TGF- which regulates signal
transmission from this factor via the SMAD2/3
or SMADI1/5/8 pathways [23, 24]. In particular,
endoglin has been shown to activate signaling
involving SMAD1/5/8 proteins and inhibit SMAD?2/3
pathway [14, 35]. In endothelial cells, it has been
demonstrated that signaling through the SMAD1/5/8
pathway promotes proliferation and migration of the
cells, whereas activation of the SMAD?2/3 pathway
has an angiostatic effect [23]. Therefore, a high
level of endoglin expression may indicate a more
active transmission of signals through SMAD1/5/8
proteins compared to SMAD2/3. MICA and MICB
are stress-induced molecules that are expressed by
various cell populations, including immune cells [41].
An increase in the expression of these proteins was
observed in tumor cells. MICA/B transcripts have
been found in placental samples. The levels of mic
mRNA are higher in samples taken from patients
with preeclampsia compared to those from healthy
patients [2, 42]. The analysis of the levels of expression
of these markers allows us to assess the physiological
state of trophoblast cells and monitor the conditions
under which they experience stress.

In this work, we showed that JEG-3 trophoblast
cells express all three markers. Under conditions of co-
culture with NK cells, the number of trophoblast cells
expressing endoglin increased. This result suggests a
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Figure 4. Cytotoxicity of NK-92 cells toward JEG-3 cells
pretreated with antibodies to VEGF (antiVEGF)

Note. Significant differences: **, p < 0,01.

possible increased role for endoglin in mediating the
transmission of TGF-3 signals in trophoblast cells in
the presence of natural killer cells. It also suggests a
potential alteration in signaling pathways, from the
SMAD2/3 pathway to the SMAD1/5/8, which may
activate trophoblast proliferation. The treatment
of the cell co-culture with antibodies to VEGF led
to a decrease in the level of endoglin expression
by trophoblasts to the initial level observed during
monoculture. At the same time, under monoculture
conditions, the endoglin level remained constant
regardless of the presence of antibodies to VEGFE
Apparently, TGF-§ signaling is regulated by VEGF
and its absence in the cell co-culture prevents the
changes that occur in trophoblast cells when they
are exposed to NK cells. It has also been shown that
activation of SMAD?2/3 in trophoblast cells leads to
the secretion of VEGF-A [25]. Based on this, it can be
assumed that trophoblast cells use the mechanism of
suppression of CD105 expression in order to activate
VEGF secretion.

Later, we evaluated how treatment of trophoblast
cells with antibodies to VEGF affected their survival
in the presence of natural killer cells. NK cells suc-
cessfully killed trophoblast cells, however, treatment
with the antibodies did not cause any changes in the
resistance of trophoblast cells to the cytotoxic activity
of NK cells. The results obtained suggest that VEGF
deprivation leads to the previously described effects
associated with changes in signal transduction from
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TGF-B in trophoblast cells only when they are co-
cultured with natural killer cells.

Not only NK cells are able to influence the activity
of trophoblast, but trophoblast cells also play a role in
placentation by activating various mechanisms that
regulate NK cell function [40, 43, 46]. Taking this into
account, we evaluated the effect of trophoblast cells
and VEGF antibodies on the expression by NK cells
of the activating NKG2D receptor (whose ligands are
MICA/B molecules), CD94 receptor (whose ligand
is the HLA-E molecule expressed by trophoblast),
as well as MICA, MICB, and CD105 proteins. The
analysis showed that treatment with the antibodies
caused a decrease in the expression of CDI105 by
NK cells in both mono- and co-culture conditions.
Since there is no data in the literature on the existence
of the SMAD1/5/8 pathway in NK cells, it can be
assumed that the treatment with antibodies to VEGF
leads to a decrease in the role of endoglin in signaling
from TGF-B. As a coreceptor, endoglin not only
directs signals from TGF-f3, but also regulates the
strength of the binding between receptor and other
proteins of TGF-f family, such as activin A, BMP-2,
BMP-7, BMP-9, and BMP-10, which are also able to
affect the cell functions [31].

Treatment with antibodies to VEGF did not affect
the expression of the other studied markers by NK
cells. Evaluation of the phenotype of NK cells showed
that they expressed NKG2D at a high level, both when
mono- and co-cultured with trophoblast. Evaluation of
the phenotype of NK cells showed that they expressed
NKG2D at a high level, both when mono- and co-
cultured with trophoblast. In addition, the intensity
of expression of this receptor increased upon co-
culture conditions, suggesting that NK cells activate
the NKG2D-MICA/B pathway when performing
cytotoxic functions. As for the CD94 receptor, there
was a decrease in the number of cells expressing this
receptor following co-culture with trophoblast cells.
However, the intensity of its expression increased,
which may indicate the differentiation of NK cell
populations under the influence of factors secreted
by trophoblast cells. This results in the formation of
cells that are more sensitive to the HLA-E ligand on
the surface of trophoblast cells [9, 29]. With regard
to MICA/B markers, it has been observed that their
expression in NK cells was increased under co-culture
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