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Pesome. MUKpOBE3HKYIbl — MeMOpaHHbIE 00paszoBaHust pazMepoM ot 100 1o 1000 HM, mpoayLrpyeMble
PA3TUYHBIMU KJIETKAMU B COCTOSTHUM TTIOKOSI ¥ aKTUBAIIMU, — MOTYT TlepelaBaTh KOMITIOHEHTHI CBOETO COJIepP-
JKMMOTO KJIeTKaM-MMILIEHSIM, PETYJIMPOBaTh (DHU3MOJIOrMUYeCKue MPOoIIeCcChl, y4acTBOBATh B PA3BUTUM MATOJIO-
ruii. Cpenr MHOXeCTBa KJIETOK-UCTOUHUKOB MUKPOBE3UKYJI OCOOBI MHTEPEC MPEICTaBIISIIOT €CTECTBEHHBIE
KWUIEpbl — CyONOMysiiiys TUM@OLIMTOB, OCYIIECTBISIIOIINX KOHTAKTHBINA IMTOIU3 BUPYC-UHGMULIMPOBAH-
HBIX U OITYXOJIEBBIX KJIETOK, a TAKXKE YUAaCTBYIOIIMX B PETYJISIIIUY aHTHOTeHe3a. [Ipoayiupyst pa3TudHbIe CTU-
MYJISITOPBI 1 MTHTUOUTOPHI ATOTO TIpoliecca, €eCTeCTBEHHbIE KMJLIEPhI CIIOCOOHBI U3MEHSTD (DYHKIIMOHATIBHYIO
aKTUBHOCTb 3H/IOTEJIMAJIbHBIX KJIETOK ITyTeéM KOHTAKTHOTO B3aUMOIEUCTBUSI C HUMU COOCTBEHHBIX MUKPO-
BE3UKYJI. YUUTBIBASI HEAOCTATOUHOCTb UMEIOIINUXCS B JIMTEpaType CBEASHUI O CIIOCOOHOCTU DKCTPAKIETOY -
HBIX BE3UKYJT BIUATH HA (PyHKIIMOHATIBHOE COCTOSIHME DHIOTEIMSI B 3aBUCUMOCTHU OT OajiaHca TiepeaBae-
MBIX UMU TIPO- U aHTUAHTUOTEHHBIX (paKTOPOB, LIEJIbIO TAaHHOTO UCCIIEA0BAHUSI SIBUJIOCH U3YYEHWE BIUSTHUS
0eTKOBBIX (hpaKIUil JIM3aTa MUKPOBE3UKYJ, TIPOAYIIMPYEMbIX KJIETKAMU €CTECTBEHHBIX KWJUIEPOB JIMHUU
NK-92, Ha peHOTHIT 1 PYHKIIMOHATBbHBIE XapaKTEPUCTUKHM SHAOTEINAIbHBIX KJIeTOK TuHUKN EA.hy926 B MO-
JIeJIbHOM 2KCIIEpUMEHTE in vitro. B pe3ysibrare MUKPOIIPEINapaTUBHOTO pa3e/ieHNs Jin3aTa MUKPOBE3UKYJT
kieTok JuHuU NK-92 6b1710 moydyeHo ABeHaAlaTh OCJIKOBBIX (ppakiuii (MHIYKTOPHI). YCTAaHOBJIEHO, YTO
npoaudepanus U MUTpaLus KieTok JuHuu EA.hy926 nociie ux KyJTbTUBUPOBAHUSI B MPUCYTCTBUN IECITH
M3 IBEHAIATH MOJYyYeHHBIX (hpaKIlnii, B 3aBUCUMOCTH OT KOHILICHTPALIMM COMEePXKAIIIUXCSI B HUX aKTUBHBIX
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KOMITOHEHTOB, U3MEHSIMCh pa3HOHAITPAaBJIEHHO 1 10303aBUCUMO WJI OCTaBaIMCh HeM3MeHHbIMU. [TokazaH
MIPEUMYIIECTBEHHO CTUMYJIUPYIOMINI 3(PheKT BO3MeCTBUS MHIYKTOPOB Ha IIPOarpepannio KICTOK-MU-
IIEHEH, YTO CBUACTEJIBCTBYET O HAIMUMUM B 3TUX (hpaKILIUsIX OCJIKOB, PEryJIupyromX MGYHKIIAN SHIOTSIMS.
IIpu 3TOM OcTaTOUYHAas IIOMIaAb, HE 3aHSATass MUTPUPOBABIIMMU 3HIOTEIHATBHBIMHU KIIETKAMHU TTOCIIE WX
KYJITUBUPOBAHUS B TIPUCYTCTBUM MHIYKTOPOB, HE BCETIa KOppeanpoBajia ¢ MHTCHCUBHOCTBIO MUTPAIIUN
1 He ObLIa 00paTHO NPONOPLIMOHAIbHA KOJIUYECTBY MUTPUPOBABIIMX KJIETOK. JlOMOJTHUTEIbHO ObLIO yCTa-
HOBJICHO, YTO HU OJTHA U3 MOJyYEeHHbIX OCIKOBBIX (hpaKIIMil He OKa3biBajla BIUSHUS Ha SKCIIPECCUIO PELIeIT-
topoB CD54 (ICAM-1), CD34, CD31 (PECAM-1), CD119 (IFNyR1) knetkamu uauu EA.hy926. ITomy-
YeHHbIE JaHHbIE 00 U3MEHEHUHU (PYHKIIMOHAIbHBIX XapaKTepUCTUK KJIeTOK TnHuu EA.hy926 nox BiusHueM
0eJIKOBBIX (Dpakimii Iu3aTa MUKPOBE3UKYJI, IPOAYLUMPYEeMbIX KieTkaMu JuHuM NK-92, moaTBep:kaamT Bo-
BJICUEHHOCTb 3TUX CYOKJIETOUHBIX 00pa3oBaHMii B o0ecIieueHre KOMMYHUKAIIMU €CTeCTBEHHBIX KUJIJIEPOB C
KJIETKAMU SHIOTCINS W YKA3bIBAIOT Ha pa3IndIHOE ydacTre 3PPeKTOPHBIX OCIKOB, IICPEHOCUMBIX MUKPO-
BE3UKYJaMM, B MeXaHU3MaX aHTMOreHe3a.

Knrouesuie cnosa: ecmecmeenHbie Kuanepvl, SHOOMeAUil, UMMYHHbLI 0MEem, aHeUu02eHe3, (PeHOMUN, NPoAUGepauus, Muepayus

PHENOTYPIC AND FUNCTIONAL CHARACTERISTICS

OF ENDOTHELIAL CELLS: THE IN VITRO EFFECTS OF PROTEIN
FRACTIONS FROM THE LYSATE OF NATURAL KILLER-
DERIVED MICROVESICLES

Korenevsky A.V.2 Berezkina ML.E.2 Gert T.N.2 Sinyavin S.A.2,
Selkov S.A.*>?, Sokolov D.L.*"

¢ D. Ott Institute of Obstetrics, Gynecology, and Reproductive Medicine, St. Petersburg, Russian Federation
b First St. Petersburg State I. Pavlov Medical University, St. Petersburg, Russian Federation

Abstract. Microvesicles are membrane-derived formations ranging in size from 100 to 1000 nm, being
produced by a variety of resting and activated cells. They can transfer their cargo to target cells, regulate
physiological processes, and participate in the development of clinical disorders. Among the microvesicles
of different origin, natural killers are of special interest. They represent a subpopulation of lymphocytes
that eliminate aberrant cells, including virally infected and malignant cells, and participate in regulation
of angiogenesis. By producing various stimuli and inhibitors of the latter process, natural killers are able to
change functional activity of endothelial cells by means of microvesicle-mediated contacts. There are only
scarce literature data on ability of the extracellular vesicles to influence endothelial functions, depending on
the intrinsic balance of pro- and anti-angiogenic factors. Therefore, the aim of our study was to evaluate the
effect of protein fractions derived from microvesicle lysate of the NK-92 natural killer cell line upon phenotype
and functional characteristics of EA.hy926 endothelial cell line under in vitro experimental conditions. Using
chromatographic micro-preparatory separation, twelve protein fractions (inducers) were obtained from the
lysate. It was found that proliferation and migration of EA.hy926 cells after their cultivation with 10 of 12 protein
fractions, were changed in different directions. These effects were dose-dependent, or remained unchanged, at
distinct concentrations of active components in the fractions. The inducing factors from these fractions exerted
predominantly stimulating effects on proliferation of the target cells, thus suggesting presence of proteins which
are able of regulating endothelial functions. However, the size of residual area free of migrating endothelial cells
treated by the inducers did not always correlate with the migration intensity and did not inversely correlate with
the number of migrating cells. Moreover, it was found that the obtained protein fractions had no effect upon
expression of CD54 (ICAM-1), CD34, CD31 (PECAM-1) and CD119 (IFNyR1) receptors by EA.hy926 cells.
The data obtained confirm an involvement of microvesicles in communications between natural killer cells and
endothelial cells, and presume different participation modes of microvesicle-derived effector proteins in the
angiogenesis machinery.

Keywords: natural killer cells, endothelium, immune response, angiogenesis, phenotype, proliferation, migration
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Introduction

Natural killer (NK) cells are part of the innate
arm of the immune system. They eliminate aberrant
cells, including virally infected and tumorigenic
cells. The main function of NK cells is implemented
via the following mechanisms: exocytosis of lytic
granules, ligand-mediated interaction with death
receptors on target cells, secretion of cytokines, and
antibody-dependent cellular cytotoxicity. NK cells
are involved in physiological and pathological
processes through the production of cytokines. It has
been shown previously that NK cells are involved in
all processes occurring in the area of uteroplacental
contact during pregnancy, including implantation
of a blastocyst into the endometrium, regulation
of trophoblast invasion, remodeling of uterine and
decidual arteries, as well as formation of the placental
vascular bed [9, 14]. A significant part of research was
aimed at studying the properties of decidual NK cells
with the CD56#"*CD16- phenotype, which produce
a large number of pro-angiogenic factors, such as
VEGE, PIGE and CXCLS8 [6, 18]. These cytokines
can influence endothelial cells (ECs) and their
microenvironment, controlling angiogenesis. It is
believed that NK cells prepare uterine spiral arteries
for remodeling, inducing Fas-dependent apoptosis of
smooth muscle cells and ECs [3].

In vitro model experiments have yielded conflicting
data on the effect of NK cells on angiogenesis. There
is evidence in favor of stimulating endothelial cell
migration and formation of vessels [18, 22], and in
favor of inhibiting the processes of angiogenesis [12,
15]. It was found that IL-15 enhances the production
of VEGF and PIGF by NK cells [19, 25] and, on
the contrary, NK cells activated by IL-12 suppress
vascular growth due to the production of IFNy,
1P-10, perforin, and granzyme [38]. Thus, depending
on the experimental model used or characteristics of
NK cells obtained from different sources, researchers
have come to opposite conclusions regarding the
effect of NK cells on the endothelium.

In addition to contact interactions or cytokine
production, NK cells can also implement their
cytotoxic and regulatory functions through the
microvesicles (MVs) they produce. MVs are mem-

brane formations ranging in size from 100 to 1000 nm
and are produced by a variety of resting and activated
cells. These formations can transfer their cargo to
target cells, regulate inflammation, coagulation,
antigen presentation, and apoptosis, as well as
participate in the pathogenesis of diseases and
inflammatory processes [7, 17]. MVs of leukocyte
origin, as a minor part of MVs in the blood flow under
physiological conditions [11], remain the least studied
population. With pathologies, their level in the blood
plasma increases sharply, therefore, leukocyte MVs
are considered as markers of various diseases [31,
35]. The role of MVs (including those produced by
NK cells) in angiogenesis, inflammation, and the
immune response has been insufficiently studied.

Previously, we have shown altered expressions of
the CD54 (ICAM-1), CD34, CD31 (PECAM-1)
and CDI119 (IFNyR1) receptors by the EA.Hy926
endothelial cell line, as well as the appearance of the
pan-leukocyte marker molecule CD45 on the target
cell membrane after co-cultivation of ECs with NK-92
cell derived MVs [29]. In particular, incubation of the
target cells in the presence of the MVs reduced the
relative number of ECs expressing the CD34, CD31
and CD119 receptors. Besides, the decreased number
of ECs with the CD34* phenotype after incubation
with the M'Vs correlated with the increased intensity of
the receptor expression by the target cells as compared
to intact cells. Despite the fact that no differences
were found in the number of ECs with the CD54*
phenotype, the intensity of this receptor expression
by the cells was higher after their incubation with
the MVs compared to intact cells [29]. We have also
shown increased dose-dependent proliferation of the
target cells after cultivation in the presence of the same
MVs as compared to intact cells [29]. Additionally,
decreased endothelial cell migration under the same
conditions was found, and that was caused by a
decrease in the number of migrated ECs compared to
the cultivation of the target cells in the absence of the
MVs [29].

The literature data on the ability of M'Vs to influen-
ce the functions of the endothelium, depending on the
balance of pro- and anti-angiogenic factors they carry,
are still scarce. Therefore, considering the ability of
NK-92 cell derived MVs to change the functionality
of ECs and their response to external signals, the
aim of this study was to evaluate the effect of protein
fractions of the NK-92 cell derived MV lysate on the
phenotype and functional characteristics of EA.hy926
cells in an in vitro experiment.

Materials and methods

Cells and cell culture
The cells of the NK-92 cell line and the EA.hy926
cell line (American Tissue Culture Collection, USA)
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were cultured using standard cell culture procedures
under the damp atmosphere at 37 °C and 5% CO, as
per instructions provided by the manufacturer. NK-92
cells reproduce the main phenotypic and functional
characteristics of activated NK cells [16], while
EA.hy926 cells reproduce the main morphological,
phenotypic and functional characteristics inherent in
macrovascular ECs [37]. Cell vitality was evaluated by
trypan blue staining and was not less than 96%.

Inducers

Protein fractions of the NK-92 cell derived MV
lysate obtained using micropreparative size exclusion
liquid chromatography of medium pressure were used
as inducers of EA.Hy926 cells (see below). Phorbol
12-myristate  13-acetate (PMA, Sigma-Aldrich
Chem. Co., USA) at a concentration of 10 ng/ml was
used as a positive control for stimulation of EA.Hy926
cells.

Isolation of biomaterial

There being no single standard protocol available
for MV isolation and characterization, a variety
of methodological approaches are currently used
to obtain MYV fractions with proper purity and
enrichment [26]. Therefore, the MVs shed from
NK-92 cells were isolated by the modified step-
wise centrifugation method [36] in Hanks’s solution
without Ca?* and Mg?* (Sigma-Aldrich Chem. Co.,
USA), for which the supernatants were sequentially
centrifuged at 200 g (4 °C, 10 min.) and 9,900 g
(4 °C, 10 min.). After the second centrifugation, the
pellet was washed twice with cold phosphate buffer
solution (PBS; Sigma-Aldrich Chem. Co., USA) and
was recentrifuged at 19,800 g (4 °C, 20 min.). The
supernatant was discarded, with the pellet washed
several times with cold PBS, each time precipitating
the M Vs by centrifugation at 19,800 g (4 °C, 20 min.).
The purified pellet was resuspended in MilliQ
deionized water, with the protease inhibitor mixture
(cOmplete, EDTA-free; Roche Diagnostics GmbH,
Germany) added at the concentration specified by
the manufacturer, and was stored at -80 °C until being
analyzed. This protocol allows for isolating MVs with
a diameter of 100-200 nm with sufficient purity and
minimal biomaterial loss, as MVs are sequentially
separated from coarse particles of cellular debris and
large apoptotic bodies, as well as from exosomes [24].

On the day of the experiment, the frozen MVs
were thawed and subjected to repeated “frecze-
thaw” cycles five times, followed by being intensively
homogenized in a glass homogenizer for 5 min. The
debris was removed by centrifugation at 16,000 g
(4 °C, 10 min.), the supernatant being collected for
further investigation.

Preparative chromatography

To obtain protein fractions of the NK-92 cell
derived MV lysate, a medium pressure liquid NGC

chromatograph with ChromLab™ Software (Bio-Rad
Laboratories, USA) was used. Chromatographic se-
paration was carried out under non-denaturing con-
ditionsonan ENrich™ SEC 650 High-Resolution Size
Exclusion Column, 10 x 300 mm, 24 ml, 10 um (Bio-
Rad Laboratories, USA). Fresh PBS supplemented
with 0.5 M sodium chloride (Sigma-Aldrich Chem.
Co., USA) (pH 7.4) was used as a mobile phase. The
analysis was performed in an isocratic mode at
room temperature with a mobile phase flow rate of
0.5 ml/min and a detector wavelength of 280 nm. The
analysis run time was 60 min. Protein fractions of the
lysate of the MVs derived from 6.5 x 10 NK-92 cells
were isolated and sterilized through a Millex-GV4
membrane filter with a pore diameter of 0.22 um
(Merck Millipore, USA), followed by being frozen at
-80 °C and stored for no more than two weeks until
being analyzed.

Electrophoresis

Samples of the obtained MYV lysate fractions
were separated by microarray electrophoresis under
non-denaturing conditions using commercial High
Sensitivity Protein Chips (Agilent Technologies,
USA) in an Agilent 2100 bioanalyzer (Agilent
Technologies, USA) as per instructions provided
by the manufacturer. The intensities of the bands
were assessed using the Agilent 2100 Expert software
(Agilent Technologies, USA). All samples were run in
triplicate.

Assessment of cytotoxicity

To determine the minimum toxic doses of the
mobile phase for chromatography and the obtained
MYV lysate fractions, EA.hy926 cells were pipetted and
transferred into the wells of a 96-well cell clear flat
bottom culture plate (BD, USA) at a concentration
of 3.5 x 10° cells per well in 100 pul of complete culture
medium supplemented with 10% inactivated fetal calf
serum (FCS). To avoid the edge effect in this and all
further experiments, the outer wells along the entire
perimeter were filled with the medium and were not
used subsequently. The cells were then cultured for
24 h using standard cell culture procedures under the
damp atmosphere at 37 °C and 5% CO,. Following
that, the culture medium in the wells was replaced
with the mobile phase for chromatography or the
obtained protein fractions in several dilutions. For
this, by sequential titration on complete culture
medium supplemented with 10% FCS, series of
dilutions of the mobile phase and the protein fractions
were prepared in the following ratios: 50%, 25%, 20%,
10%, 5%, 2.5%, 1.25%, 0.625%, 0.313%, 0.156%,
and 0.078%. To obtain statistically reliable results,
each dilution was prepared in six replicas. The culture
medium supplemented with 10% FCS was used as a
control. Then, the cells were cultured for 24 h using
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standard cell culture procedures under the damp
atmosphere at 37 °C and 5% CO,. On the following
day, the culture medium was removed and the cells
were stained with 0.2% crystal violet solution (Sigma-
Aldrich Chem. Co., USA) containing 5% methanol,
for which 0.1 ml of the dye solution was added to
each well and incubated for 10 min. After washing
the wells four times with distilled water, the plate
was dried up to completely remove moisture, and
the dye was extracted by adding 0.1 ml of 50% acetic
acid solution to each well. The optical density was
measured using an ELx808 microplate photometer
(BioTek Instruments Inc., USA) at a wavelength of
540 nm (cutoff wavelength of 630 nm). The decrease
in cell viability was judged by optical density changes
compared to the control.

Evaluation ofthe minimum toxic dose of the mobile
phase for chromatography in relation EA.hy926
cells showed that the mobile phase was toxic when
undiluted or diluted with the culture medium in ratios
of 50% and 25% (the difference from the viability of
intact cells: p < 0.001). When diluted with the culture
medium in ratios starting from 12.5%, the mobile
phase had no toxic effect on EA.hy926 cells (the
difference from the viability of intact cells: p > 0.05).

The toxicity of the obtained MYV lysate fractions
towards EA.hy926 cells was also preliminary assessed:
undiluted and diluted fractions were not toxic towards
the cells.

Evaluation of cell proliferation

Toassessthe effect of protein fractions ofthe NK-92
cell derived MV lysate on proliferation of EA.hy926
cells, we used a method based on staining the protein
components of the cell cytoplasm with the vital dye
crystal violet. This method is comparable in sensitivity
to other methods for assessing proliferation [2]. For
this, the cells were pipetted and transferred into the
wells of a 96-well cell clear flat bottom culture plate
at a concentration of 5.0 x 103 cells per well in 0.1 ml
of complete culture medium supplemented with 10%
FCS for 24 h to adhere to the plate surface. On the
following day, the culture medium was removed and
the wells were washed with an excessive amount of
pre-warmed HBSS solution (Sigma-Aldrich Chem.
Co., USA), followed by the solution removal. Then,
0.1 ml of inducer solutions (diluted protein fractions
of the NK-92 cell derived MV lysate) prepared in the
culture medium without FCS were added to the wells,
the final concentrations of each fraction being 10%,
5%, 2.5%, 1.25%, 0.625%, 0.313%, 0.156%, and
0.078%. Following that, FCS was added to each well
in an amount equal to 2.5% of the well contents, with
the outer wells filled with pre-warmed HBSS solution.
After incubation for 72 h, the culture medium was
removed and the cells were stained with 0.2% crystal

violet solution, as described above. After the plate was
dried up, the dye was extracted by adding 0.1 ml of
50% acetic acid solution to each well.

The intensity of cell proliferation was assessed
by the change in the optical density of the stained
solutions, which was measured using an ELx808
microplate photometer at a wavelength of 540 nm
(cutoff wavelength of 630 nm). The obtained optical
densities were matched with the number of cells using
the titration curve, and the results were expressed in
the number of cells. The change in cell proliferation
was judged by the change in both the optical density
of the sample and the number of cells compared to
incubation in the culture medium supplemented with
2.5% FCS (control). The culture media supplemented
with 0% and 10% FCS were used as additional
controls. All samples were run in triplicate. Each
protein fraction was analyzed in four repetitions for
each dilution.

Assessment of cell migration

To assess the effect of protein fractions of the
NK-92 cell derived MV lysate on migration of
EA hy926 cells, the cells were pipetted and transferred
into the wells of a 96-well cell clear flat bottom culture
plate at a concentration of 3.5 x 10* cells per well in
0.1 ml of complete culture medium supplemented
with 10% FCS for 24 h. On the following day, a
vertical line was drawn from the upper edge to the
lower one of each well using a 300 ul thin plastic
tip, and the wells were washed three times with pre-
warmed HBSS solution. Then, 0.1 ml of inducer
solutions (diluted protein fractions of the NK-92 cell
derived MV lysate) prepared in the culture medium
supplemented with 10% FCS were added to the wells,
the final concentrations of each fraction being 10%,
5%, 2.5%, 1.25%, 0.625%, 0.313%, 0.156%, 0.078%,
0.039%, and 0.020%.

Control wells containing cells without the protein
fractions added were photographed using an Axio
Observer Z1 microscope and an AxioCam MRc 5
camera (Carl Zeiss Industrielle Messtechnik GmbH,
Germany), capturing the initial line width. The
prepared plates were then incubated for 24 h. On the
following day, the culture medium was removed, and
the cells were stained with 0.2% crystal violet solution,
as described above. After washing the wells five times
with distilled water, the plates were dried up for 24 h
at 37 °C to completely remove moisture and were
photographed to obtain three fields of view from each
well. In each plate, the initial line width was measured
and the average value was calculated.

The data obtained were analyzed using the patented
MarkMigration software (Russia) [28], which auto-
matically accounts both the number of cells that mi-
grated into the zone of the disturbed monolayer and
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the residual area within the boundaries of the zone.
Cell migration was assessed by the change in these two
parameters in comparison with the control (complete
culture medium supplemented with 10% FCS). All
samples were run in triplicate. Each protein fraction
was analyzed in four repetitions for each dilution.

Flow cytometry

To evaluate the effect of protein fractions of the
NK-92 cell derived MV lysate on the phenotype of
EA.hy926 cells, the cells were transferred into the
wells of a 24-well cell clear flat bottom culture plate
(BD, USA) at a concentration of 1.8 x10°/ml of
complete culture medium supplemented with 10%
FCS and were cultured for 24 h before reaching
confluence. The culture medium was then removed so
that when the protein fractions were added, the total
volume in the well was 0.45 ml. After that, 0.05 ml of
the undiluted protein fractions were added to some
of the wells. To control the effect of the mobile phase
for chromatography on the phenotype of EA.hy926
cells, the mobile phase at a concentration of 12.5%,
which was not toxic to the cells, was added to the
other wells. Part of EA.hy926 cells was incubated in
the wells in complete culture medium containing no
inducers. As a positive control, the cells were cultured
in complete culture medium in the presence of PMA
(10 ng/ml). On the following day, the cell monolayer
was disintegrated with pre-warmed Versene solution
and was washed three times in Cell Wash solution
(BD, USA). The cells were then treated with
antibodies to the CD54 (ICAM-1), CD34, CD31
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(PECAM-1) adhesion receptors and the CDI119
IFNy receptor in accordance with the manufacturer’s
recommendations (BD, USA). Isotypic antibodies
were used to control nonspecific binding of antibodies
as per the manufacturer’s recommendations (BD,
USA). The relative number and the intensity of the
CD54, CD34, CD31 and CD119 receptor expression
by EA.hy926 cells were assessed using a FACS Canto 11
flow cytometer (BD, USA). All samples were run four
times. Each protein fraction was analyzed in duplicate
for each dilution.

Statistical analysis

Statistical processing of the obtained data was
carried out using the nonparametric Mann—Whitney
and Kruskal—Wallis tests in the STATISTICA 10 and
GraphPad Prism 8 programs. The data are presented
as median (first quartile - third quartile). Figures,
tables, and diagrams illustrate the changes in the
studied parameters compared to the control, error
bars showing the minimum and maximum data values.
A p value of less than 0.05 was considered statistically
significant.

Results

Micropreparative separation of the NK-92 cell
derived MYV lysate and electrophoresis of the obtained
protein fractions

A lysate protein profile of the MVs produced
by NK-92 cells that consisted of twelve fractions
was obtained using chromatographic separation
(Figure 1).
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Figure 1. Chromatographic profile of the NK-92 cell derived MV lysate
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Figure 2. Electropherograms of the protein fractions of the NK-92 cell derived MV lysate

The following electrophoretic separation of pro-
teins in the obtained fractions showed the molecular
weight (MW) distribution of major (constituting more
than 5% of'the total profile) bands, as presented below.
Fractions 1 and 3 contained a group of proteins with an
average MW 59-60 kDa (100%); fraction 4 comprised
groups of proteins with MW 60 kDa (55.9%) and 143
kDa (44.1%); fraction 5 contained a more diverse
composition, in which groups of proteins with MW 62
kDa (88.5%), 84 kDa (6.4%) and 95 kDa (5.1%) were
distinguished; fraction 6 included two major bands
with MW 10 kDa (85.1%) and 14 kDa (10.6%), as well
as fraction 7 with MW 10 kDa (91.5%) and 17 kDa
(7.5%). The rest of the protein fractions contained
minor components with an unknown average MW
(fraction 2) or a MW lesser than 15 kDa (fractions
8-12) (Figure 2).

Evaluation of the effect of protein fractions of
the NK-92 cell derived MYV lysate on proliferation of
EA.hy926 cells

In a preliminary experiment undertaken to verify
the correctness of the data obtained, it was shown that
proliferation of non-activated EA.hy926 cells cultured
in complete growth medium supplemented with 2.5%
inactivated FCS (control: 19721 (18662-21686) cells
per well) differed from that of the cells cultured in the
absence of FCS (first additional control: 4301 (3863-
5159) cells per well; p < 0.001) and in the presence of
10% FCS (second additional control: 34837 (32356-
36018) cells per well; p < 0.001), which indicated the
optimal conditions for the subsequent tests.

It was found that ten out of twelve protein fractions
of the NK-92 cell derived MV lysate changed the
EA.hy926 cell proliferation pattern in comparison
with the spontaneous cultivation (Figure 3). When
compared to the control (non-activated ECs), the

number of proliferated ECs increased 1.04-1.62 times
after cultivation in the presence of the protein fractions
at concentrations: 10% (fractions 1, 6, 9, 10, and 12);
5% (fractions 1, 3, 4, 6, 9, and 12); 2.5% (fractions
2-4,6,and 9); 1.25% (fractions 2-4, 6, and 9); 0.625%
(fractions 2-4, and 9); 0.313% (fractions 1-4); 0.156%
(fractions 1, 3, and 4) and 0.078% (fractions 1, 3, and
4). Besides, it was found that this parameter decreased
1.03-1.16 times after culturing ECs in the presence of
the fractions at concentrations: 10% and 5% (frac-
tion 8); 0.313% and 0.078% (fraction 11).

In addition, it was found that after culturing
EA .hy926 cells in the presence of fractions 1, 2, 6,
8-10, and 12, proliferation of the cells changed in a
dose-dependent manner until the observed effect
disappeared (Figure 3). This parameter was 1.11-1.62
times higher after cultivation of ECs in the presence of
proliferation-stimulating fractions 1, 2, 6, 9, 10, and
12 at initial concentrations of 10%, 5% and 2.5%, than
after cultivation in the presence of the same fractions
in stronger dilutions. A similar tendency was shown
in relation to proliferation-inhibiting fraction 8, the
successive dilution of which gradually neutralized the
observed effect.

Fractions 5 and 7 had no effect on proliferation of
the target cells (Figure 3).

To sum up, the data obtained in this part of the
experiment indicate a multidirectional (mainly sti-
mulating) effect of protein fractions of the NK-92 cell
derived MV lysate on proliferation of the endothelium.

Evaluation of the effect of protein fractions of
the NK-92 cell derived MYV lysate on migration of
EA.hy926 cells

In a preliminary experiment undertaken to check
the correctness of the data obtained, it was shown
that the median (first quartile - third quartile) of the
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Figure 3. Proliferation of EA.hy926 cells under different cell cultivation conditions in the presence of the protein fractions
culturing in the presence of the same fraction at two different concentrations).

of the NK-92 cell derived MV lysate (% of proliferation of the non-activated cells)
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area of the initial line after scraping the monolayer
was 1.07 (1.02-1.15) mm?, with no cells found in the
area of the disturbed monolayer. The culture medium
supplemented with 10% FCS was used as a control:
the median (first quartile - third quartile) of the
number of migrated cells was 373.6 (298.8-450.1),
that of the residual area being 0.46 (0.37-0.56) mm?,
which differed from the residual area of the monolayer
immediately after drawing the line (p < 0.001).

As in the case of the proliferation study, migration
of EA.hy926 cells after their being cultured in
the presence of the inducers changed in different
directions or remained unchanged (Figure 4). When
compared to the control (non-activated ECs), the
number of migrated ECs increased 1.13-1.27 times
after cultivation in the presence of the protein
fractions at concentrations: 10% (fraction 3); 5%
(fraction 11); 2.5% (fraction 5); 1.25% (fraction 11);
0.625% (fractions 1 and 11); 0.313% (fractions 10
and 11); 0.156% (fraction 1); 0.039% (fractions 1,
3, and 9) and 0.020% (fraction 5). It was also found
that this parameter decreased 1.08-1.57 times after
cultivation of ECs in the presence of the fractions
at concentrations: 10% (fractions 2, 6, 10, and
12); 5% (fractions 2, 6, and 12); 2.5% (fraction 6);
1.25% (fractions 6 and 12); 0.625% (fraction 6);
0.313% (fractions 4 and 6); 0.156% (fractions 6 and
12); 0.078% (fractions 2, 6, and 12) and 0.020%
(fraction 6).

It should also be noted that when fractions 3-5, 9,
and 10 were used as inducers, only single changes in
migration of EA.hy926 cells were found depending on
the concentration of the inducer, while when fractions
1, 2, 6, 11, and 12 were used, more significant and
frequent variations of this parameter were observed.
Moreover, of all the fractions, fraction 6 showed the
most prominent effect: all dilutions, with the exception
0of 0.039%, decreased the number of migrated cells.

Dose-dependent effects of the inducers on
migration of EA.hy926 cells were observed only, when
fraction 10 was used (Figure 4). Upon reaching the
minimum endothelial cell migration after cultivation
in the presence of the fraction at a concentration of
10%, its further dilution caused a sequential increase
in the number of migrated cells by 1.35-1.45 times.

Fractions 7 and 8 had no effect on migration of the
target cells (Figure 4).

It was also found that the residual area not occupied
by migrated EA.hy926 cells after culturing them in the
presence of the inducers did not always correlate with
the migration rate and was not inversely proportional
to the number of the migrated cells (Figure 5). When
compared to the control (non-activated ECs), the area
not occupied by migrated cells decreased 1.15-1.46

times after their cultivation in the presence of the
fractions at concentrations: 10% (fraction 3); 5%
(fraction 11); 2.5% (fraction 5); 1.25% (fraction 11);
0.625% and 0.313% (fractions 3, 10, and 11); 0.156%
(fraction 1); 0.078% (fraction 9); 0.039% (fractions
1, 7, and 9) and 0.020% (fraction 5). An increase in
this parameter by 1.04-1.41 times was observed after
cultivation of ECs in the presence of the fractions
at concentrations: 10% (fractions 6-9 and 12); 5%,
1.25%, 0.625%, and 0.313% (fraction 6), and 0.078%
(fractions 2 and 6), with this effect observed in more
than half of the studied concentrations when using
fraction 6.

Fraction 4 did not affect the residual area (Fi-
gure 5).

Serial dilution of the inducers during cultivation
of EA.hy926 cells also revealed some dose-dependent
effects on the residual area not occupied by the
migrated cells (Figure 5). For example, the area
decreased by 1.49 times, when fraction 12 was diluted
in the concentration range from 10% to 2.5%. This
effect gradually leveled off with a further sequential
decrease in the concentration of the inducer down to
0.020%, reaching a value of 81.7% compared to that,
when using the fraction at a concentration of 10%.

To sum up, the data obtained in this part of the
experiment indicate a multidirectional effect of the
protein fractions of the NK-92 cell derived MV lysate
on migration of the endothelium.

Evaluation of the effect of protein fractions of the
NK-92 cell derived MV lysate on the phenotype of
EA.hy926 cells

In a preliminary experiment undertaken to select
the optimal conditions for subsequent tests, it was
shown that the mobile phase for chromatography had
no effect on the autofluorescence of EA.hy926 cells.
Cultivation of the target cells in the presence of the
mobile phase did not alter their expression of the
CD54, CD34, CD31 and CD119 receptors.

After culturing EA.hy926 cells in the presence of
PMA, the expression intensity of the CD54, CD34
and CD119 receptors was higher, and that of the
CD31 receptor was lower, when compared to the non-
activated cells (Table 1). The same changes were ob-
served, when determining the relative number of cells
expressing these receptors (Table 2).

It was found that the protein fractions of the NK-92
cell derived MV lysate did not affect the expression of
the CD54, CD34 and CD119 receptors by the target
cells (Tables 1, 2).

Discussion

In this study, using size exclusion chromatography,
protein fractions of the NK-92 cell derived MV lysate
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Figure 4. Number of EA.hy926 cells that migrated to the area of the disturbed monolayer under different cell cultivation
conditions in the presence of the protein fractions of the NK-92 cell derived MV lysate (% of the non-activated cells;

the abscissa shows the content of the fraction in the culture medium in serial dilutions)

Note. As for Figure 3.
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Figure 5. Residual area after EA.hy926 cells migrated to the area of the disturbed monolayer under different cell cultivation

conditions in the presence of the protein fractions of the NK-92 cell derived MV lysate (% of the residual area not occupied

by the non-activated cells; the abscissa shows the content of the fraction in the culture medium in serial dilutions)

Note. As for Figure 3.
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TABLE 1. MEAN FLUORESCENCE INTENSITY OF CD54, CD34, CD31 AND CD119 RECEPTOR EXPRESSION BY EA.hy926
CELLS UNDER DIFFERENT CELL CULTIVATION CONDITIONS IN THE PRESENCE OF PROTEIN FRACTIONS OF THE NK-92
CELL DERIVED MICROVESICLE LYSATE

Cell cultivation

Receptor expression intensity (MFI)

conditions CD54 CD34 CD31 cD119
ECs (control) 2568 (1862-3200) 0 (0-0) 877 (790-1002) 489 (330-568)
fofi ;r';‘:l':ifgfgsz; 2468 (2292-2503) 0(0-0) 505 (480-922) 25 (3-723)
ECs + PMA 5604 (5196-6224)| 188 (55-459)* | 148 (108-171)"* | 756 (606-1081)"
ECs + fraction 1 2615 (2288-3409) 2 (0-13) 659 (581-1549) 563 (302-604)
ECs + fraction 2 2478 (2467-2924) 14 (0-65) 630 (559-1761) 417 (352-648)
ECs + fraction 3 2548 (2196-2645) 0(0-137) 636 (542-1248) 471 (356-661)
ECs + fraction 4 2584 (2410-2761) 45 (0-141) 768 (623-1708) 605 (324-660)
ECs + fraction 5 2048 (2731-3041) 0 (0-27) 731 (647-1883) 453 (289-630)
ECs + fraction 6 2646 (2256-2846) 76 (0-111) 704 (606-1967) 540 (221-681)
ECs + fraction 7 2506 (2545-2821) 98 (0-253) 731 (604-1496) 640 (469-694)
ECs + fraction 8 2443 (2310-2698) 0(0-71) 622 (494-1874) 512 (338-634)
ECs + fraction 9 2720 (2682-3079) 44 (0-82) 723 (560-1844) 611 (411-634)
ECs + fraction 10 2675 (2380-2804) 46 (0-89) 622 (547-2217) 598 (416-651)
ECs + fraction 11 2770 (2482-2998) 19 (0-142) 668 (553-2013) 502 (264-709)
ECs + fraction 12 2748 (2363-3089) 0 (0-39) 663 (554-2038) 506 (209-703)

Note. ECs, non-activated EA.hy926 cells; PMA, phorbol 12-myristate 13-acetate (10 ng/ml). *, p < 0.05;

** p <0.01; ***, p < 0.001 (compared to the non-activated cells expressing the same receptor).

TABLE 2. RELATIVE NUMBER OF EA.hy926 CELLS EXPRESSING CD54, CD34, CD31 AND CD119 RECEPTORS UNDER
DIFFERENT CELL CULTIVATION CONDITIONS IN THE PRESENCE OF PROTEIN FRACTIONS OF THE NK-92 CELL DERIVED

MICROVESICLE LYSATE
Cell cultivation Relative number of cells expressing receptors (%)
conditions CD54 CD34 CD31 cD119

ECs (control) 59.6 (53.2-62.9) 0.0 (0.0-1.1) 44.0 (40.4-50.1) 30.8 (19.6-35.9)
S:rso ;ggg:fp’:‘;ase for | 595 (59.4-59.7) 0.0 (0.0-0.9) 35.0 (2.8-48.3) 16.2 (4.9-19.9)
ECs + PMA 80.7 (79.5-82.8)*** | 17.6 (2.9-34.5)* 4.1 (2.9-5.5)"** 49.9 (38.0-70.5)*
ECs + fraction 1 62.4 (58.4-66.2) 1.0 (0.0-1.4) 31.2 (28.0-65.6) 32.2 (17.5-37.1)
ECs + fraction 2 62.5 (59.7-64.5) 3.2 (0.0-4.2) 30.6 (27.6-69.7) 25.8 (21.5-42.9)
ECs + fraction 3 60.3 (56.3-62.2) 0.0 (0.0-11.7) 31.0 (25.3-55.8) 29.5 (23.0-40.4)
ECs + fraction 4 61.1 (59.1-63.3) 1.1 (0.0-5.9) 34.1 (30.7-69.0) 36.8 (18.6-39.1)
ECs + fraction 5 64.7 (62.7-68.8) 0.0 (0.0-4.2) 34.6 (31.5-73.0) 27.9 (17.0-43.2)
ECs + fraction 6 61.2 (57.1-66.5) 4.1 (0.0-9.7) 32.8 (28.7-72.2) 28.9 (11.6-48.4)
ECs + fraction 7 61.1 (59.6-65.3) 4.8 (0.0-10.3) 33.2 (27.9-59.7) 35.3 (24.4-40.5)
ECs + fraction 8 59.1 (57.1-63.8) 0.0 (0.0-2.2) 29.8 (25.1-69.8) 33.6 (16.8-40.8)
ECs + fraction 9 61.3 (58.9-67.1) 4.3 (0.0-5.6) 30.9 (25.3-68.7) 36.8 (22.4-41.4)
ECs + fraction 10 59.2 (58.0-68.0) 3.5 (0.0-4.3) 29.2 (26.1-76.5) 34.0 (23.7-40.2)
ECs + fraction 11 61.4 (59.8-67.2) 0.9 (0.0-2.7) 31.9 (27.0-74.7) 32.9 (14.8-40.3)
ECs + fraction 12 62.3 (57.0-69.0) 0.0 (0.0-3.2) 31.5 (24.9-76.2) 27.1 (10.2-40.5)

Note. As for Table 1.
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were obtained, which were further characterized
by weight using capillary gel electrophoresis on
microchips. The obtained fractions are represented
by groups of proteins with different molecular
weights, the average values of which are in the range
of 5-250 kDa. The quality of the distribution of
protein groups by fractions indicates a satisfactory
chromatographic separation of the lysate, which
is proven by broad absorption and fluorescence
bands spanning several neighboring fractions. The
obtained result also reflects a wide variety of proteins
in the composition of the NK-92 cell derived MV
lysate (including cytokines, cell adhesion regulators,
intracellular signaling proteins), which we previously
identified as candidate proteins using MALDI-TOF
mass spectrometric analysis [23].

The aim of this study was to evaluate the effect
of the obtained protein fractions of the NK-92
cell derived MV lysate on the phenotype and the
functional characteristics of the EA.Hy926 cell line.
Previously, we have found that the cultivation of ECs
in the presence of NK-92 cell derived M Vs increased
endothelial cell proliferation in a dose-dependent
manner, when compared with cultivation in a medium
without MVs [29]. Besides, we have found decreased
endothelial cell migration under the same conditions,
which was caused by a decrease in the number of
migrated ECs compared to the cultivation of the
target cells in the absence of MVs [29]. Therefore, the
next stage of our study was the assessment of the effect
of the protein fractions of the NK-92 cell derived MV
lysate on proliferation and migration of EA.Hy926
cells.

In this study, it was found that ten out of the
twelve protein fractions of the MV lysate cause a
multidirectional change in endothelial cell proli-
feration as compared to cultivation in a medium
that did not contain the inducers. This fact indicates
the presence in these fractions of proteins that
regulate endothelial proliferation. In this case, the
predominant increase in proliferation of the target
cells was observed in the presence of fractions 1-4, 6,
and 9-12. Moreover, the most significant effect in a
wide range of concentrations was exerted by fraction 1
(high and low concentrations; dose-dependent
effect), as well as fractions 3 and 4 (all concentrations
except 10%), while the other fractions only exerted
their influence in several dilutions. The inhibitory
effect on endothelial cell proliferation was exerted
by fraction 8 (high concentrations; dose-dependent
effect) and fraction 11 (low concentrations). The rest
of the fractions (5 and 7) did not change proliferation
of the target cells.

The data obtained by us are consistent with both
the literature data on the multidirectional effect of

NK cells on angiogenesis in in vitro systems [12] and
our previously obtained data regarding M Vs produced
by NK-92 cells [29].

When assessing the effect of the protein fractions
of the MV lysate on endothelial cell migration,
multidirectional effects were also found. For example,
fractions 1, 3, 5, 9, and 11 increased the number of
cells that migrated into the zone of the disturbed
monolayer, which may imply the production by NK
cells and the subsequent transfer by means of M'Vs of
a variety of cytokines that can affect the formation
of blood vessels [4]. Despite this, in other cases, i.e.
during cultivation of ECs in the presence of fractions
2,4, 6, and 12, decreased migration of the target cells
was observed, which can be accounted for by increased
dying of ECs in the presence of specific proteins from
the MV cargo, including antiangiogenic factors. At the
same time, the predominant suppression of migration
of the target cells was observed in the presence of
fraction 6 (all concentrations except 0.039%) and
fraction 12 (high and low concentrations). Cultivation
of ECs in the presence of fraction 10 revealed opposite
effects depending on dilution: for example, at a high
concentration (10%), the fraction dose-dependently
decreased the number of cells in the zone of the
disturbed monolayer, and in a low concentration
(0.313%), on the contrary, it increased this parameter.
The observed multidirectional effect of this fraction
indicates different limiting concentrations of factors
that stimulate or inhibit migration of the target cells,
at the cumulative achievement of which the influence
of some inducer proteins begins to dominate, while
the effective action of the others is gradually leveled
out. The rest of the fractions (7 and 8) did not affect
endothelial cell migration.

It was also found that cultivation of ECs in the
presence of fractions 6-9 increased the residual area in
the zone of the disturbed monolayer, with the number
of the migrated target cells elevated or not changed
significantly. In the case of fraction 4, the residual area
did not change with a simultaneous decrease in the
number of the cells, and in the case of fraction 10, this
parameter lowered with a simultaneous decrease in the
number of the target cells. The data obtained, which
not in all studied cases reflect the negative correlation
between migration and the filling area, may indicate
changes in the morphology of ECs under the influence
of both pro-angiogenic and anti-angiogenic factors
contained in the inducers. At the same time, low
endothelial cell migration and proliferation decreased
by some factors propagated by NK cells by means of
their MVs can, in vivo, contribute to the disintegration
of the vascular endothelial lining. This, in turn, leads
to a disruption of blood vessel permeability and
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can contribute to other pathologies associated with
endothelial dysfunction [32].

The multidirectional dose-dependent effects of
different concentrations of the NK-92 cell derived
MYV lysate fractions in relation to the regulation of
endothelial proliferation and migration indicate
the presence of cytokines in MVs that control these
processes. Such cytokines in the MV cargo may
be cytokines with opposite effects: VEGF [20], a
stimulator of angiogenesis, as well as IL-10 [10] and
TGF-B [21], inhibitors of angiogenesis. Previously,
we have obtained data that NK cells upon contact
cultivation with ECs lengthen capillary-like structures
formed by ECs [30]. NK-92 cellsare a source of VEGF
and carry the VEGFRI1 receptor on their surface [27].
VEGTF is one of the main and most important factors
that regulate all stages of angiogenesis, stimulating
endothelial cell migration, proliferation and
viability [ 1]. Moreover, NK-92 cells are a source of the
matrix metalloproteinases MMP-2 and MMP-9 [13],
which play an important role in angiogenesis [5].
Matrix metalloproteinases provide degradation
and remodeling of the extracellular matrix [34] and
stimulate endothelial cell migration [8]. There is
evidence in the literature that, due to their proteolytic
activity, matrix metalloproteinases play an important
role in the regulation of signaling pathways that
control cell proliferation, invasion, and viability [5].

Previously, using the MALDI-TOF mass spe-
ctrometry method, we have found 986 proteins in M'Vs
produced by NK-92 cells, including semaphorins,

TGF-B, RANTES, 1P-10, CXCLI11, etc. (Table 3) [23],
which also indicates the active influence of NK cells
on angiogenesis and the functions of ECs. Table 3
includes the cytokine receptors found in MVs, which
could competitively bind to cytokines, reducing their
autocrine effect on ECs.

Comparison of data on the effect of the protein
fractions of the NK-92 cell derived MV lysate on
proliferation and migration of EA.Hy926 cells also
revealed a heterogeneous relationship. It is logical
to assume that when cells proliferate, the migration
stops. However, such an effect was observed only in a
part of the obtained fractions: when fractions 2, 4, 10,
and 12 were added, the number of proliferating cells
increased but the number of migrated cells decreased.
At the same time, when fractions 1, 3, 6, and 9-11
were added, the number of proliferating and migrated
cells increased simultaneously. Fraction 5 did not
change proliferation, but it increased migration, while
fraction 8, on the contrary, decreased proliferation
and did not change endothelial cell migration.
Fraction 7 did not affect the numbers of migrated and
proliferated cells.

Proliferation and the migration rates have different
effects on the vasculature, as they can be weakened
in different ways by selective agents in proliferative
diseases such as cancer; or these parameters can be
selectively increased in ischemic diseases, wound
healing or regenerative medicine. Using computer
modeling, it was shown that proliferation is of
great importance in the development of the tumor

TABLE 3. FUNCTIONS OF SEVERAL PROTEINS OF MICROVESICLES PRODUCED BY NK-92 CELLS AND THEIR
PRESUMPTIVE DISTRIBUTION IN THE OBTAINED PROTEIN FRACTIONS

Protein MW, kDa Function / Biological process Prot_eln
fractions
. CCL5, CCL7, CCL11, CCL13, CCL15,

C-C chemokine receptor type 3 7.8 CCL24, CCL26, and CCL28 receptor 8,9, 10, 11,12

Prostaglandin E2 receptor EP4 53.1 PGE2 receptor, inhibition of cell 345

subtype (EP4) ' cytotoxicity T

C-C motif chemokine 5 L .

(CCL5, RANTES) 10.0 chemokine, inflammatory mediator 8,9, 10, 11,12

C-X-C motif chemokine 10 chemokine, inflammatory mediator control

(CXcL10, IP-10) 109 of cell migration 8,9,10,11,12

C-X-C motif chemokine 11 (CXCL11) | 10.4 chemokine, inflammatory mediator, control | g g 16 44 42

of cell migration
Interferon 22.3 cell activation 5
. activated cell surface receptor, mediating

Semaphorin-4D (SEMAA4D, CD100), 96.1 of cell cytotoxicity by binding to CD72on | 4,5

isoform 1
the target cell

Transforming growth factor -1 443 control of cgll aCtIV.Ity’. regulation of 3,4,5
differentiation
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vasculature [33]. When proliferation is low, the vessels
reach the tumor inner space, but the capillaries still
do not cover most of the area. Thus, cell migration
allows the vasculature to spread in the tumor space,
but with fewer cells. When proliferation is moderate,
the tumor vasculature spreads throughout the area. In
this case, there is a balance between proliferation and
migration, in which proliferation is too low to allow
the proliferation of end cells, but it is high enough
for vessels to grow. This leads to an expansion of the
tumor space due to cell migration and better coverage
due to the branching of new cells. When proliferation
is high, the resulting vasculature is minimal but very
tortuous [33]. The heterogeneous effect of the protein
fractions of the NK-92 cell derived MV lysate on
proliferation and migration of EA.Hy926 cells found
by us confirms the multifunctional role of NK cells in
controlling the development of the vascular network
in health and disease.

In this study, we also analyzed the effect of the
protein fractions of the NK-92 cell derived MV lysate
on the expression of the CD54 (ICAM-1), CD34,
CD31 (PECAM-1) and CD119 (IFNyR1) receptors
by EA.Hy926 cells. The choice of the receptors for
assessing their expression by the target cells was due
to the fact that previously, it was found by us that the
expression of these receptors changed after cultivation
of ECs in the presence of MVs produced by NK-92
cells [29]. Namely, incubation of ECs in the presence
of MVsdecreased the number of the cells expressing the
CD34, CD31 and CD119 receptors. A decrease in the
number of the target cells with the CD34* phenotype
after incubation with MVs produced by NK-92 cells
was accompanied by an increased expression of this
receptor by ECs as compared to intact cells. Despite
no differences in the number of ECs with the CD54*
phenotype, the intensity of CD54 expression on ECs
was higher after their incubation with MVs compared
to intact cells [29].

We found that proteins of the NK-92 cell derived
MYV lysate fractions did not alter the expression of
the CD54, CD34, CD31 and CD119 receptors. No
changes in the expression indicate an insufficient
concentration of proteins capable of influencing the
relevant gene expression and the probable presence of
active phosphorylated forms of signal proteins in the
lysate (one cannot exclude a possible contribution to
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