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Pesrome. B pesynbrate akTMBallMM /WM allOIITO3a KJIETKM MOTYT 00pa30BBIBATh MUKPOBE3UKYJIHl (M B)

pa3zmepom oT 100 um 1o 1000 M. B HacTostiiee BpeMst Bce 00JIbliie BHUMaHUS YASISIETCS NETEKIIUU U OLIEHKE
JTUHAMUKU coaepXaHus M B neiikonutapHoro mpoucxoxaeHus. B aToit cBsI3u 00JbII0OI MHTEPEC MPeaCcTaB-
nsieT onpenesieHue MB, oopasyembix NK-kjeTkaMu, OCHOBHOM (hYyHKIIME KOTOPBIX SIBJISICTCS UWHAYKLINAS
afnormnTo3a BUPYC-UHGUIIMPOBAHHBIX M OITYXOJIEBBIX KJIETOK. B HacTosiiee BpeMst HeT MPSIMbIX CBUIIETEIbCTB
o criocooHoctu NK-knerok npoayuuposate MB. Lleabio HacTosei paboThl IBUJIACh OLIEHKA COASPXKaHUSI
MB NK-ki1eTok npu moMOIIM MeTOAa BBICOKOTOYHO! MPOTOYHOI HUTODIYOPUMETPUN. YCTAaHOBIEHO, UTO
C TIOMOIIIBIO METO/Ia BLICOKOTOYHOM MTPOTOYHO ITMTOMIyOPUMETPUN BO3MOKHO BhIsIBJIeHe M B pazmepom
ot 200 uM go 1000 uM, ob6pazyembix NK-knetkamu. [TokazaHo, uto nHkyOanus NK-K1eToK B TpUCYTCTBUU
TNFo He BIMsizia Ha OTHOCUTENbHOE KomdecTBo M B, ogHako mpuBOAMiIA K TTOBEIIIEHUIO MHTCHCUBHOCTH
skcrpeccuu CD95 Ha MB. Takum 06pa3oM, MeTOI BLICOKOTOYHO ITPOTOYHOM TUTOMIYyOPUMETPUI MOKET
OBITh UCTIOJIB30BaH WIS onipeneiieHruss MB n ux deHoTua.

Karouesvle crosa: NK-kaemku, npomounas yumogayopumempusi, MUKPOBE3UKYAbl, MUKPOHACMULbL, KACMOYHAS KYAbmypd,
NK-92, nosepxrnocmHbie peyenmopul

EVALUATION OF MICROVESICLES FORMED BY NATURAL
KILLER (NK) CELLS USING FLOW CYTOMETRY
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Abstract. As a result of activation and/or apoptosis, the cells can form microvesicles (MV) from 100 nm up
to 1000 nm in size. Nowadays, the attention is being increasingly focused on dynamic detection and evaluation
of leukocyte-derived microvesicles by their contents. In this regard, determination of microvesicles formed by
NK cells is of utmost interest. The main function of these population is to induce apoptosis of virus-infected
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and tumor cells. At the present time, there is no direct evidence of the NK cells ability to produce microvesicles.
This investigation was performed in order to estimate contents of NK cell-derived microvesicles using high-
precision flow cytometric approach. It has been shown that the high-precision flow cytometry allows to detect
microvesicles formed by NK cells, ranging from 200 to 1000 nm in size. It was demonstrated that incubation of
NK cells in the presence of TNFa did not affect the relative value of microvesicles, however, being associated
with increased intensity of CD95 expression on microvesicles. Hence, the high-precision flow cytometry can
be used to detect microvesicles and to determine their phenotype.

Keywords: NK cells, flow cytometry, microvesicles, microparticles, cell culture, NK-92, cell surface receptors
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Introduction

Cell communication is an integral process of cells
functioning and is carried out by contact interactions
between cells and by the transmission of activation
or inhibitory signals due to secreted cytokines. It is
assumed that microvesicles can participate in cell
communication, since along with the membrane
molecules expressed by a source cell, they contain
cytoplasmic molecules: lipids, MHC molecules
of T and II class, chemokines, cytokines, growth
factors, transcription factors, microRNA [3, 4,
6, 8], and template RNA [8]. The possibility of a
signal transmission from cell to cell with the help
of microvesicles and thus formation of a distant cell
interaction is under discussion. Microvesicles can be
formed as a result of cells activation and/or apoptosis.
They are present in the peripheral blood in healthy
donors; the number and composition of microvesicle
membrane receptors may vary under pathological
conditions [10]. Nowadays, the attention is being
increasingly focused on the detection and evaluation
of the dynamics of the content of leukocyte-derived
microvesicles. One of the leukocyte populations is the
population of NK cells, the main function of which is
the induction of apoptosis of virus infected and tumor
cells. At present, there is no direct evidence of the
ability of NK cells to produce microvesicles.

The detection of microvesicles in biological fluids
is possible through several methods: transmission
electron microscopy [12], detection of changes in
flow resistance through micropores (TRPS — Tunable
Resistive Pulse Sensing) [12, 13], atomic force
microscopy [11], flow cytometry [12]. In comparison
with other methods of microvesicle detection, flow
cytometry is the most applicable one, since it allows
to obtain data on microvesicle concentration in
biological fluids, for example, in peripheral blood,
as well as to determine the receptors on their surface
[12, 13]. Attempts to detect leukocyte-derived
microvesicles have been made using the FacsCanto I1
device (BD, USA) [7, 9]. However, the sensitivity of

the device allows to detect particles of only 300 nm
and up in size, which leads to the undercount of
microvesicle content in samples. The use of filtered
solutions and calibration particles of a certain size
(200 nm, 500 nm, 1000 nm) improves the accuracy of
microvesicle detection [7, 9].

The Cytoflex flow cytometer (Beckman Coulter,
USA) equipped with three lasers: 488 nm, 638 nm,
and 405 nm, allows to detect side scatter from a 405
nm laser using a 405/10 filter and makes it possible
to determine particles of 200 nm and up in size. The
use of additional protocols for cleaning the flowing
liquid and sample washing buffers can increase the
sensitivity of the device.

The aim of this work was to estimate microvesicle
content in NK cells using high-precision flow
cytometry, namely the Cytoflex device.

Materials and Methods

NK cells of the NK-92 cell line (ATCC, USA)
were selected as source cells for microvesicles. NK-92
cell line is a suspension culture reproducing the basic
phenotypic and functional characteristics of activated
NK cells. NK-92 cell line was cultured according
to the manufacturer’s directions (ATCC, USA)
in the presence of recombinant IL-2 (500 U/ml)
(Roncoleukin, Biotech LTC, Russia). TNFa (10 U/ml)
(Sigma, USA) was used as an inducer.

To evaluate the phenotype of NK cells of the NK-
92 cell line and the microvesicles they formed, the cells
were placed into a 24-well plate in 1 ml of complete cell
culture medium at a concentration of400,000 cells/ml,
cultured at 37 °C under the damp atmosphere with 5%
CO, for 24 hours in the presence of an inductor. After
24 hours, the plates were centrifuged under 200 g and
22 °C for 10 minutes to settle the cells. To separate the
microvesicles, we used the differential centrifugation
method by M.P. Gelderman, J. Simak [5] in Hanks’
solution without Ca?" and Mg?*, for which the
obtained supernatants had been consecutively
centrifuged under 500 g 10 °C for 10 min, 15500 g
10 °C for 90 min, 20000 g 10 °C for 20 min. Thus,
we obtained the NK-92 cell line and its microvesicles
and processed them with monoclonal antibodies to
CD95 according to the manufacturer’s instructions
(BD, USA). The expression of receptors by NK cells
(Figure 1, see 2" page of cover) and microvesicles
(Figure 2, see 3" page of cover) was assessed using the
high-precision flow cytometry method, namely the
Cytoflex flow cytometer (Beckman Coulter, USA),
which allows to detect particles from 0.2 um in size.
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TABLE 1. EXPRESSION PARAMETERS OF CD95 (Fas) SURFACE RECEPTOR OF NK CELLS AND THEIR MICROVESICLES

NK cells and microvesicle parameters

Object NK cells expressing CD95 (Fas) Microvesicle expressing CD95 (Fas)

. . T In the presence of _— In the presence of
Incubation conditions Constitutive TNFa (10 U/ml) Constitutive TNFa (10 U/ml)
Relative value, % 98.9+0.1 98.9+0.01 2.240.3 2.5+0.2
Expression intensity (MFI) 100641277 14113+258* 82.04+8. 0 147+50*

Note. Differences in CD95 expression levels by NK cells or microvesicles are significant, as compared to the constitutive expression

levels: *, p < 0.05; **, p < 0.001.

To adjust the device we used calibration particles of 0.1
pum, 0.2 pm, 0.5 um, and 1.0 um (Invitrogen, USA)
in size in accordance with the device manufacturer’s
indications (Figure 2, see 3™ page of cover). To work
with microvesicles, we filtered all solutions through
filters with 0.2 um pore size [71]. The statistical
analysis was performed in Statistica 10 software using
Student's t-test.

Results and Discussion

CD95 (Fas) is a proapoptotic receptor inducing
cell death when binding to CD95L ligand (FasL). The
expression of CD95 by cells indicates their readiness
for apoptosis and reflects the mechanisms controlling
the functional activity of the cell population, and
therefore the presence of this receptor on all cells of
a body is suggested. The analysis of CD95 expression
by NK cells, both with incubation without inducers
and in the presence of TNFa, the proinflammatory
cytokine, revealed that 99% NK cells of the NK-
92 cell line expressed CD95 on their surface. The
incubation of cells in the presence of TNFa did not
result in a change in the number of CD95*NK cells.
At the same time, the intensity of CD95 expression by
NK cells was increased (Table 1). The increase in the
intensity of CD95 proapoptotic receptor expression
by NK cells as a result of TNFa action indicates
the strengthening of control of NK cells population,
which prevents their excessive activation.
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