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Membrane extracellular microvesicles serve as carriers of a wide range of molecules, the most 
important among these are proteins, lipids, and nucleic acids. Cytotoxic proteins of natural 
killer cells play a key role in the realization of their cytolytic functions. An important stage 
in understanding of the distant communication of cells and mechanisms of its regulation is 
analysis of the proteome composition of microvesicles. We studied the proteomic composition 
of microvesicles produced by NK-92 natural killer cells. Granzyme A, a specific protein of 
cytotoxic cells, has been identified in the microvesicles by QTOF-mass spectrometry. It was 
shown that heat shock proteins, components of the ubiquitin—proteasome system, enzymes 
of protein biosynthesis and energy metabolism, nuclear and serum proteins, as well as cyto-
skeleton proteins are associated with the microvesicles.
Key Words: mass spectrometry; proteomic analysis; natural killer cells; microvesicles; 
granzymes
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Among post-genomic approaches to the study of vital 
processes in the body, an important place is occu-
pied by proteomic analysis of proteins and peptides, 
the factors of the final stage of cell signaling [1]. 
Achievements in proteomics and peptidomics help 
to solve issues related to structural characteristics 
of proteins, intracellular signaling, post-translational 
modifications, and cell communication. Of particular 
importance is application of proteomic techniques in 
medical molecular diagnostics allowing the search for 
potential protein markers. It is now beyond doubt that 
proteomic studies can contribute to solving the prob-
lems of various branches of medicine, e.g. in the field 
of medical immunology [29].

Extracellular membrane microvesicles (MV) 
produced by cells as a result of local changes in the 
membrane structure, are currently considered as ef-
fective mediators of physiological and pathological 
processes. MV, among which ectosomes and exosomes 

are distinguished, serve as carriers of a wide range 
of molecules; proteins, lipids, and nucleic acids car-
ried by MV have the paramount functional importance 
[10]. Natural killer (NK) cells, a subpopulation of lym-
phocytes destroying virus-infected and tumor cells 
through contact cytolysis and participating in mecha-
nisms of immunological tolerance in the mother— 
fetus system are of particular interest as the source 
of MV [23]. There are indirect data that NK cells can 
produce MV: CD56+ MV and leukocyte-derived MV 
with different phenotypes were found in peripheral 
blood plasma [22].

Isolation and characterization of various extracel-
lular MV produced by NK cells were described in some 
recent reports [9,15,21,30]. Cytotoxic activity of exo-
somes of activated NK cells of the peripheral blood 
against various tumor cell lines related to the expression 
of FasL on their surface [15,30] and the presence of NK 
cell effector molecules perforin [9,15,30], granzyme 
A, granzyme B, and granulysin [9] was revealed. The 
authors of these studies consider promising the use of 
various NK cell-derived extracellular MV preparations 
in the therapy of various forms of cancer.
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In the above studies, mainly activated peripheral 
blood NK cells were used [9,21]; the use of MV de-
rived from these cells for immunotherapy is associated 
with significant complications (the search for suit-
able donors, production of sufficient amounts of MV, 
etc.) [15]. The use of MV obtained from NK cells of 
NK-92 cell line seems more promising for this pur-
pose, because of easy procedure of their isolation in 
sufficiently large amounts and pronounced cytotoxic 
effect [15]. In the context of clinical application of 
MV obtained from NK cells of NK-92 cell line for 
the therapy of tumors, a pressing task is analysis of 
functional potencies, phenotype, and content of these 
MV allowing evaluation of both positive and possible 
negative side effects of this therapy.

Cytotoxic proteins of NK cells (perforin, gran-
zymes, FasL, granulyzin, and polypeptide LL-37) play 
the key role in their cytolytic functions [2,13,20,26]. 
An important step in understanding of distant commu-
nication of cells and mechanisms of its regulation is 
analysis of the proteomic composition of MV that can 
contribute to the cytotoxic effect of NK cells against 
target cells. The data on MV production by NK cells 
and their proteomic spectrum would provide informa-
tion about previously unknown mechanisms of NK 
cell interaction with target cells under normal condi-
tions and during inflammation. To solve this prob-
lem, isolation of MV followed by mass spectrometric 
analysis of their proteome in a model experiment with 
NK cells of the NK-92 line can be used.

MATERIALS AND METHODS

Cell culturing. NK-92 cells (ATCC) derived from 
large granular peripheral blood lymphocytes of a 
50-year-old man with rapidly progressive non-Hodg-
kin’s lymphoma reproduce the main phenotypical and 
functional characteristics of activated NK cells [8]. 
NK-92 cells is maintained in a suspension culture that 
requires subculturing every 48 h. The cells were cul-
tured in complete culture medium αMEM (BioloT) 
supplemented with 12.5% fetal calf serum, 12.5% 
inactivated equine serum depleted of MV, 0.2 mM 
myoinositol, 0.02 mM folic acid, 2 mM L-glutamine, 
100 μg/ml streptomycin, 100 U/ml penicillin, 10 mM 
HEPES, 0.1 mM 2-mercaptoethanol (Sigma-Aldrich), 
and 500 U/ml recombinant IL-2 (Roncoleukin; Bio-
tech). The cells were cultured in a humid atmosphere 
at 37oC and 5% CO2. Cell viability evaluated by trypan 
blue exclusion was >96%.

Microvesicle isolation. Due to the absence of 
common standards for isolation and characterization of 
MV, various currently used methodological approaches 
allow isolation of MV fractions with different degree 
of purity and concentration [14]. MV separated from 

NK-92 cells were isolated by the modified method of 
differential centrifugation [22] in Ca2+Mg2+-free Hanks 
solution (Sigma-Aldrich); to this end, supernatants 
were sequentially centrifuged at 200g (room tempera-
ture, 10 min) and 9900g (4oС, 10 min). The pellet 
was washed twice with cold PBS (Sigma-Aldrich) and 
re-centrifuged at 19,800g (4oС, 20 min). The superna-
tant was discarded and the pellet was washed several 
times with cold PBS at 19,800g (4oС, 20 min). The 
purified pellet was resuspended in deionized water 
of the MilliQ standard in the presence of protease 
inhibitor mixture (cOmplete, EDTA-free; Roche Di-
agnostics GmbH) in a concentration specified by the 
manufacturer and stored at -80oС until analysis. This 
protocol enables isolation of MV with a diameter 
of 100-200  nm with sufficient purity and minimal 
losss of the biomaterial; during this procedure, MV 
are separated successively from coarse cell debris 
particles and large apoptotic bodies, as well as from 
exosomes [12].

Laser correlation analysis. The granulometric 
analysis of MV produced by NK-92 cells was per-
formed by dynamic light scattering on a Zetаsizer 
NanoZS laser correlation spectrometer (Malvern In-
struments) with particle measurement limits from 
0.3 nm to 10 µ. MV for this assay were isolated as 
described above. MV diameter was calculated using 
Zetasizer Software 7.11 (Malvern Instruments).

Preparation of cell extracts and MV. Frozen 
cells (3×106) and MV were thawed, subjected to 3 
freeze/thaw cycles, and then intensively homogenized 
in a glass homogenizer for 5 min. The resulting mate-
rial was concentrated by evaporation on the CentriVap 
vacuum concentrator (Labronco) over 2-3 h until com-
plete removal of fluid. Then, 160 μl ReadyPrep 2-D 
Starter Kit Rehydration/Sample Buffer containing 8 
M urea, 2% CHAPS, 50 mM DL-dithiothreitol, 0.2% 
Bio-Lyte 3/10 ampholyte, and 0.001% bromophenol 
blue (Bio-Rad Laboratories) was added to the resi-
due. The mixture was incubated for 30 min (to a state 
close to homogeneous), after which the cell debris was 
removed by centrifugation at 16,000g (4oС, 10 min) 
and the supernatant was sampled for further analysis.

Measurement of total protein concentration. 
Protein content in cells and MV was measured by us-
ing Bradford protein assay on a NanoDrop One spec-
trophotometer and NanoDrop One Viewer software 
(Thermo Fisher Scientific).

2D electrophoresis. Cell and MV proteins were 
separated by 2D gel electrophoresis. Isoelectrofocu
sing was performed on Mini-Protean 7 cm IPG strips 
with immobilized pH 3-10 gradient in the Protean 
i12 IEF Cell chamber (Bio-Rad Laboratories) under 
conditions of active rehydration at 50 V (20oC, 12 h) 
followed by separation at 14,000 V (20oC, 5 h). The 
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cell and MV extracts were applied to the strips in such 
a way that protein content in strip was approximately 
the same and sufficient to obtain valid data. To insulate 
the strips in the isoelectrofocusing chamber from the 
environment, they were coated with mineral oil.

After isoelectrofocusing of the proteins, the strips 
were incubated in Equilibration Buffer I (375 mM Tris 
HCl, 6 M urea, 2% SDS, and 3% DL-dithiothreitol; 
pH 8.8) and thereafter under the same conditions in 
Equilibration Buffer II (375 mM Tris HCl, 6 M urea, 
2% SDS, and 3.7% iodoacetamide; pH 8.8) (Bio-Rad 
Laboratories).

Separation of the proteins by their molecular 
weights was conducted in 10% PAAG using commer-
cial Mini-Protean TGX Stain-Free PrecastGel (Bio-
Rad Laboratories) in a Mini-Protean Tetra System ver-
tical electrophoresis chamber (Bio-Rad Laboratories) 
in alkaline TGS buffer solution containing 25 mM 
Tris, 192 mM glycine, 0.1% SDS (Sigma-Aldrich) at 
200 V.

Preparation of samples for mass spectrometric 
analysis. After electrophoresis, the gels were visu-
alized on a ChemiDoc Touch Gel Imaging System 
(Bio-Rad Laboratories) and stained with Coomassie 
Brilliant Blue R-250 Solution (Bio-Rad Laboratories). 
Then, gel spots containing the target proteins were cut 
out with a scalpel and minced. To remove the dye and 
SDS, the gel fragments were washed three times with 
50% acetonitrile solution in 30 mM Tris buffer (pH 
8.2; Sigma-Aldrich) for 15 min at room temperature. 
After removal of the solution, the gel fragments were 
dehydrated by 10-min incubation in acetonitrile and 
after removal of acetonitrile, the samples were drired 
for 40 min at 4oC. A solution of modified bovine tryp-
sin (20 ng/ml; Promega) was added to dried samples 
and incubated on ice for 1 h and then at 37oC for 4 h 
until complete rehydration of the gel. Trypsin excess 
was removed and the samples were incubated with 50 
μl 30 mM Tris buffer (pH 8.2) for 16-18 h at 37oC. The 
tryptic peptide mixtures were extracted three times 
from the gel with 50% water solution of acetonitrile 
containing 0.1% formic acid (Sigma-Aldrich) in an 
ultrasonic bath for 20 min. The peptide in the resultant 
solution were dried at 4oC and dissolved in a mobile 
phase A (5% acetonitrile in 0.1% formic acid) for fur-
ther separation by HPLC.

Liquid chromatography mass spectrometry of 
peptide mixtures. The peptides were separated on 
a Zorbax 300SB-C18 analytical column (3.5 μ, 150 
mm×100 μ; Agilent Technologies) in mobile phase B 
gradient (90% acetonitrile in 0.1% formic acid) at a 
flow rate of 20 μl/min.

Mass spectra of tryptic peptides were recorded on 
a ESI-Q-TOF 6538 UHD quadrupole-time-of-flight 
mass spectrometer (Agilent Technologies) coupled 

with Agilent 1260 high-performance liquid chromato-
graph (Agilent Technologies). The ion analysis was 
performed at a frequency of 3 spectra per second in 
the automatic tandem MS/MS analysis mode with 2+, 
3+, n+mother ions.

Analysis of mass spectrometric data was carried 
out using Spectrum Mill MS Proteomic Workbench 
software (Rev B.04.00.127, Agilent Technologies). 
The mgf-files were used for database searches with 
the MASCOT search engine (Matrix Science, London, 
UK); the search was conducted against the UniProt 
(SwissProt) database with a taxonomic restriction for 
the species Homo Sapiens and tolerance for peptide 
ions 20 ppm, for fragmentary ions 0.1 Da. Parallel 
search was performed using the database of inverted 
and random amino acid sequences (decoy). Data vali-
dation was carried out using the autovalidation proce-
dure with a cut-off value of false positives (FDR) of 
1%. For identified proteins, their correspondence to 
actual positions on PAAG was verified.

RESULTS

Granulometric analysis showed that the size of MV 
produced by NK-92 cells was 190-460 nm, which cor-
responded to the diameter of ectosomes (100-1000 
nm), and the peak of MV distribution (40.8%, n=3) 
corresponded to 295 nm (Fig. 1). These findings are 
in line with the data of other researchers on the size 
of MV formed by different cells [3,28]. Analysis of 
particles in the supernatant obtained after MV isola-
tion by differential centrifugation showed that their 
sizes was 16-190 nm, the peak of particle distribution 
(<30%) corresponded to 28 nm.

The total protein content in NK-92 cells and their 
MV was 60.2±6.1 and 2.5±0.3 μg/106 source cells, 
respectively. These data allowed calculating protein 
load of strips for isoelectrofocusing and its alignment 
relative to cells and their MV.

During electrophoretic separation of proteins 
in two directions (isoelectric point and molecular 
weight), electrophoregrams were obtained correspond-
ing to protein profile of cells and their MV (Fig. 2). 

Fig. 1. Granulometric analysis of microvesicles produced by NK 
cells of the NK-92 cell line and of the supernatant obtained after 
MV isolation by differential centrifugation.

Сell Technologies in Biology and Medicine,  No.  2,  August,  2018
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The results suggest that the major and minor compo-
nents of cell and MV proteome differ significantly. 
However, the absence of proteins identified in MV 
in source cells cannot unambiguously indicate their 
exclusively secretory nature. To elucidate the causes 
for differences in cell and MV proteome, an attempt 
was undertaken to analyze partial proteome of MV and 
compare it with the proteome of cells producing these 
MV and with the data reported previously.

The results of liquid chromatography-mass spec-
trometric analysis of protein fractions of NK-92 cell 
and MV lysates are presented in Tables including all 
proteins identified in spots on PAAG after 2D gel elec-
trophoresis. A total of 52 proteins that perform various 
functions (Table 1) were identified in cells and MV, 
which is only a small part of the known NK cell pro-
teome [16,19]. The individual proteomic composition 
of NK-92 cells and their MV is presented in Table 2.

The NK-92 cell line used in our study allows re-
producing in vitro the basic biochemical processes 
taking place in NK cells in vivo, including the pro-
cesses leading to spontaneous secretion of MV into 
the extracellular environment. The data of 2D gel elec-
trophoresis suggest that NK-92 cells and MV formed 
by these cells carry a wide spectrum of proteins with 
molecular weight varying from 10 to 125 kDa and 
isoelectric point from 3.0 to 10.0. Using mass spec-
trometric analysis, we identified proteins with various 
functions and properties enabling intricate regulation 
of cell metabolism.

In light of MV biogenesis, their proteome con-
sists of protein molecules of cellular origin. Proteomes 
of MV derived from platelets, plasma microparticles, 
mature lymphocytes, endotheliocytes, mast cells, and 
some other cells are now relatively well studied, and 
relevant data have been presented by many authors 
[7,17]. These studies showed that MV produced by 
blood cells and endotheliocytes contain both nonspe-
cific proteins characteristic of all cell types and specif-

ic proteins involved in functioning of a particular cell. 
Proteins specific for a certain cell type are most often 
presented by T cell receptors, proteins of the immuno-
globulin superfamily (CD54 of B cells), selectin fam-
ily (P-selectin of platelets), and some other proteins 
involved in the immune response [4]. Proteins pres-
ent in MV irrespective of their origin are most often 
involved in vesicle formation process. These proteins 
naturally include tetraspanins (CD9, CD63, CD81, and 
CD82), heat shock proteins (HSP70, HSP90), cyto-
skeleton proteins, enzymes of various metabolic path-
ways, adhesion and recognition molecules, and major 
histocompatibility complex (MHC) proteins [25]. In 
our study, proteins that belong to some of the listed 
classes, in particular chaperones, actin, vimentin, and 
other cytoskeleton components, as well as proteins 
participating in the metabolism were also found in the 

Fig. 2. 2D electrophoregrams of proteins in NK-92 cells (a) and MV produced by these cells (b).

TABLE 1. Total Protein Composition of NK-92 Cells and 
Their MV Determined Using Liquid Chromatography Mass 
Spectrometry

Group of proteins
Total  

number  
of proteins

% of total 
amount of 

proteins

Cytoskeleton proteins 19 36.5

Chaperones 5 9.6

Cytotoxic proteins 1 1.9

Proteasome degradation 
proteins 4 7.7

Protein biosynthesis enzymes 6 11.5

Energy metabolism enzymes 10 19.2

Histones 3 5.8

Heterogeneous nuclear  
ribonucleoproteins 1 1.9

Serum proteins 2 3.8

Transmembrane transporters 1 1.9

A. V. Korenevskii, Yu. P. Milyutina, et al.
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TABLE 2. Individual Proteome Composition of Natural Killer NK-92 Cells and Their Microvesicles Determined by Liquid 
Chromatography Mass Spectrometry

Protein AN UniProt 
(SwissProt)

MW, 
kDa pI Number of  

peptides in cells
Number of  

peptides in MV

Cytoskeleton proteins

Actin, cytoplasmic 1 (β-actin) Р60709 41.7 5.2 7 (19.7) —

Actin, cytoplasmic 2 (γ-actin) Р63261 42.1 5.3 6 (21.0) 12 (56.8)

Actin, aortic smooth muscle P62736 42.4 5.2 3 (10.0) 3 (8.7)

Vimentin Р08670 53.7 5.1 17 (36.6) 6 (10.1)

Keratin, type I cytoskeletal 9 P35527 62.3 5.1 2 (4.1) 2 (4.1)

Keratin, type I cytoskeletal 10 P13645 59.0 5.1 2 (3.9)

Keratin, type II cytoskeletal 1 Р04264 66.2 8.3 3 (5.5) 4 (7.3)

Keratin, type II cytoskeletal 8 P05787 53.7 5.5 N/A 2 (4.1)

Keratin, type II cytoskeletal 79 Q5XKE5 57.8 8.3 6 (9.3)

Keratin, type II cytoskeletal 80 Q6KB66 50.5 8.3 7 (12.2)

POTE ankyrin domain family member F А5А3Е0 123.1 5.8 7 (19.7) N/A

Tropomyosin α-3 chain P06753 33.0 4.7 N/A 17 (51.1)

Tropomyosin α-4 chain P67936 28.6 4.7 N/A

Tropomyosin β chain Р07951 32.9 5.1 N/A

Tubulin α-1B chain P68363 50.1 4.9 N/A 3,5 (15.9)

Tubulin β chain P07437 49.7 4.8 9 (22.7)

Tubulin β-4B chain P68371 49.8 4.8 7 (16.6)

Сhaperones

10 kDa heat shock protein, mitochondrial P61604 10.9 8.9 N/A 9 (23.5)

60 kDa heat shock protein, mitochondrial P10809 61.1 5.7 18 (29.8)

71 kDa heat shock cognate protein P11142 70.9 5.4 2 (4.3)

105 kDa heat shock protein Q92598 96.7 5.3 N/A

Calreticulin Р27797 48.3 4.3 2 (6.9) 20 (52.0)

Сytotoxic proteins

Granzyme A P12544 29.5 9.7 N/A 2 (8.3)

Proteasome degradation proteins

14-3-3 Protein ζ/δ P63104 27.7 4.7 N/A 5 (22.4)

Proteasome subunit α type-5 P28066 26.4 4.7 N/A 2 (15.8)

Proteasome subunit α type-7 O14818 27.9 8.8 N/A

Proteasome activator complex subunit 2 Q9UL46 27.4 5.5 N/A

Protein biosynthesis enzymes

78 kDa glucose-regulated protein P11021 72.3 5.1 11 (24.3) N/A

Stress-70 protein, mitochondrial P38646 73.7 5.9 5 (9.4) N/A

40S ribosomal protein SA Р08865 33.0 4.8 N/A 3 (12.8)

Eukaryotic initiation factor 4A-II Q14240 46.6 5.3 N/A 2 (5.6)

Protein disulfide-isomerase A3 P30101 56.8 6.0 4 (11.0) 8 (18.0)

Elongation factor 1-α1 P68104 50.1 9.4 N/A 2 (4.9)

Energy metabolism enzymes

ATP synthase subunit β, mitochondrial P06576 56.6 5.3 8 (21.3) N/A
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TABLE 2. 

Protein AN UniProt 
(SwissProt)

MW, 
kDa pI Number of  

peptides in cells
Number of  

peptides in MV

Glyceraldehyde-3-phosphate  
dehydrogenase Р04406 36.2 8.8 2 (11.6) N/A

α-Enolase P06733 47.5 7.0 15 (41.8) 23 (57.6)

β-Enolase P13929 47.3 7.8 4 (14.0) N/A

γ-Enolase P09104 47.6 4.9 2 (9.2) N/A

L-lactate dehydrogenase B chain P07195 36.6 5.7 N/A 2 (7.1)

L-lactate dehydrogenase A-like 6B Q9BYZ2 41.9 8.8 N/A 3 (10.2)

Phosphoglycerate kinase 1 P00558 45.0 8.7 N/A 6 (19.6)

Fructose-bisphosphate aldolase A P04075 39.9 8.7 7 (8.7) N/A

Fructose-bisphosphate aldolase C P09972 39.5 8.2 2 (6.4) N/A

Nucleoproteins

Histone H2A type 1-B/E P04908 14.1 11.1 N/A 2 (21.5)

Histone H2B type 1-M Q99879 14.0 10.3 N/A 2 (19.0)

Histone H4 P62805 11.4 11.4 N/A 3 (29.1)

Heterogeneous nuclear ribonucleoprotein 
F P52597 46.0 5.4 N/A 2 (7.9)

Serum proteins

Apolipoprotein A-I P02647 30.8 5.6 N/A 2 (4.1)

Serum albumin Р02768 71.4 5.9 N/A 3 (7.2)

Transmembrane transporters

Chloride intracellular channel protein 1 O00299 26.9 5.1 N/A 2 (11.2)

Note. AAC, amino acid coverage; MW, molecular weight; pI, isoelectric point; N/A in the graph indicates the non-detection or unreliable 
detection of the protein in the experimental series.

studied MV. The cytoskeleton proteins together with 
enzymes participating in various metabolic processes 
naturally constituted the major part of the identified 
MV proteome. We also identified some specific pro-
teins, in particular granzyme A, a representative of 
serine protease family expressed in cytotoxic T cells 
and NK cells and surprisingly some nuclear proteins.

Molecular mechanism of MV formation implies 
the presence of components of the submembrane actin 
network and other elements of the cytoskeleton [6]. 
The data of the mass-spectrometric analysis suggest 
that isolated MV may have ectosomal nature. For in-
stance, we identified different isoforms of cytoskeleton 
proteins, as well as nuclear proteins (histones and het-
erogeneous nuclear ribonucleoproteins), which, along 
with mitochondrial proteins (β-subunit of mitochon-
drial ATPase) and endoplasmic reticulum (calreticulin) 
or Golgi comples detected by us are not identified 
in exosomes according to available published reports 
[5]. This assumption is confirmed by the presence of 
chloride intracellular ion channel protein 1 in the iso-
lated MV. However, it is known that cytotoxic protein 

granzyme A identified by us in the MV is present in 
lytic granules of NK cells; being released in the cy-
toplasm, this protein is inactivated via formation of a 
complex with serpin [11]. The presence of granzymes 
in exosomes was reported previously [15], while larger 
ectosomes, or extracellular MV, mainly contain cy-
toplasmic protein isoforms. At the same time, there 
are data that large microparticles can include other 
compartments and cell organelles [27]. Thus, detec-
tion of granzymes in MV differentiated by size does 
not allow one to unequivocally determine the origin 
of these particles. In clarifying this issue, it might be 
helpful to use, along with the approach presented in 
the paper, additional methods, including analysis of 
specific exosomal proteins, e.g. Alix, or, conversely, 
cytoplasmic membrane proteins [24].

The presence of histones in MV fraction revealed 
by us most likely suggests that they contain admix-
ture of apoptotic bodies rather than nuclear proteins, 
because the size of apoptotic bodies (200-5000 nm) 
partially overlap with that of MV (100-1000 nm) in 
the range of particle diameters in the isolated fraction 
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(190-460 nm) [10]. It should be noted that we could 
not achieve reproducibility of results on histones in 
cells, which is probably due to the fact that the iso-
electric point of most histones exceeds 10, while the 
isoelectrofocusing of proteins was carried out in the 
pH range of 3-10.

The detected various isoforms of cytoskeletal 
keratin can indicate contamination of samples with 
cytokeratin. Keratin, type II cytoskeletal 1 is often 
present in samples as a contaminant and is detected 
by mass spectrometric analysis in fractions that do 
not correspond to its isoelectric point and molecular 
weight. This protein was detected by other researchers 
in similar analysis of different biological samples [18].

Various proteomic research strategies based on 
a combination of different techniques have been de-
scribed by now. Protein identification is a complex 
multistage process that does not always lead to repro-
ducible results. The proposed scheme for studying pro-
tein composition of MV can produce good results in 
qualitative description of the protein profile. However, 
the search for target protein by using this approach is 
associated with considerable difficulties.

The electrophoregrams obtained for the proteome 
of the cells and their MV differ by protein profile, 
which makes it difficult to search for a particular pro-
tein by isoelectrofocusing followed by electrophoretic 
separation of the peptides by the molecular weight. In 
addition, analysis produces unreliable data for proteins 
with isoelectric point lying outside the pH gradient 
used in the study.

We also obtained data on the size of MV produced 
by NK-92 cells as well as reliable data on the content 
of individual proteins in MV. However, for a more 
detailed analysis of the MV proteome by liquid chro-
matography-mass spectrometry, it would be advanta-
geous to include additional steps during their isolation 
such as ultracentrifugation, immunoprecipitation, and 
probably the use of protein fractionation methods that 
would prevent the loss of biological material during 
washing out the tryptic peptides from the gel.

Based on our findings we can conclude that the 
protein profiles of NK-92 cells and MV produced by 
these cells differ, which is confirmed by mass-spectro-
metric identification; apart from universal ubiquitous 
proteins, MV contain granzyme A, which is a specific 
protein of cytotoxic cells. Therefore, MV containing 
one of the granzymes and probably other cytotoxic 
proteins can contribute to the cytotoxic effect of NK 
cells. Our preliminary data on the proteome of the MV 
produced by NK-92 cells can expand existing concepts 
of distant cell communication and give some evidence 
about new mechanisms of NK cell interaction with 
target cells. The presented mass spectrometric analy-
sis will be useful for further proteomic studies of MV 

produced by cells involved in the formation of immu-
nological tolerance, both under physiological condi-
tions and under conditions of inflammatory reaction 
accompanying various pathological processes.
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use of mass-spectrometric equipment of Molecular and 
Cell Technologies Resource Center of St. Petersburg 
State University, and partly within the framework of 
State Program (No. AAAAA 18-118011020016-9; dif-
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REFERENCES

	 1.	Govorun VM, Ivanov VT. Proteomics and peptidomics in fun-
damental and applied medical studies. Rus. J. Bioorgan. Chem. 
2011;37(2):176-190.

	 2.	Agerberth B, Charo J, Werr J, Olsson B, Idali F, Lindbom 
L, Kiessling R, Jörnvall H, Wigzell H, Gudmundsson GH. 
The human antimicrobial and chemotactic peptides LL-37 
and alpha-defensins are expressed by specific lymphocyte and 
monocyte populations. Blood. 2000;96(9):3086-3093.

	 3.	Almughlliq FB, Koh YQ, Peiris HN, Vaswani K, McDougall 
S, Graham EM, Burke CR, Arachchige BJ, Reed S, Mitchell 
MD. Exosomes or microvesicles? Two kinds of extracellular 
vesicles with different routes to modify protozoan-host cell 
interaction. Theriogenology. 2018;114:173-179.

	 4.	Baig S, Kothandaraman N, Manikandan J, Rong L, Ee KH, 
Hill J, Lai CW, Tan WY, Yeoh F, Kale A, Su LL, Biswas A, 
Vasoo S, Choolani M. Proteomic analysis of human placental 
syncytiotrophoblast microvesicles in preeclampsia. Clin. Pro-
teomics. 2014;11(1):40. Doi: 10.1186/1559-0275-11-40.

	 5.	Burbano C, Rojas M, Vásquez G, Castaño D. Microparticles 
that form immune complexes as modulatory structures in 
autoimmune responses. Mediators Inflamm. 2015;2015. ID 
267590. Doi: 10.1155/2015/267590.

	 6.	Colombo M, Raposo G, Théry C. Biogenesis, secretion, and 
intercellular interactions of exosomes and other extracellular 
vesicles. Annu. Rev. Cell Dev. Biol. 2014;30:255-289.

	 7.	Garcia BA, Smalley DM, Cho H, Shabanowitz J, Ley K, Hunt 
D.F. The platelet microparticle proteome. J. Proteome Res. 
2005;4(5):1516-1521.

	 8.	Gong JH, Maki G, Klingemann HG. Characterization of a 
human cell line (NK-92) with phenotypical and functional 
characteristics of activated natural killer cells. Leukemia. 
1994;8(4):652-658.

	 9.	Jong AY, Wu CH, Li J, Sun J, Fabbri M, Wayne AS, Seeger 
RC. Large-scale isolation and cytotoxicity of extracellu-
lar vesicles derived from activated human natural killer 
cells. J. Extracell. Vesicles. 2017;6(1). ID 1294368. doi: 
10.1080/20013078.2017.1294368.

10.	Kalra H, Drummen GP, Mathivanan S. Focus on extracellular 
vesicles: introducing the next small big thing. Int. J. Mol. Sci. 
2016;17(2):170. Doi: 10.3390/ijms17020170.

11.	Ko YH, Park S, Jin H, Woo H, Lee H, Park C, Kim K. Gran-
zyme B leakage-induced apoptosis is a crucial mechanism of 

Сell Technologies in Biology and Medicine,  No.  2,  August,  2018



571

cell death in nasal-type NK/T-cell lymphoma. Lab. Invest. 
2007;87(3):241-250.

12.	Kowal J, Arras G, Colombo M, Jouve M, Morath JP, Primdal-
Bengtson B, Dingli F, Loew D, Tkach M, Théry C. Proteomic 
comparison defines novel markers to characterize heteroge-
neous populations of extracellular vesicle subtypes. Proc. Natl 
Acad. Sci USA. 2016;113(8):E968-E977.

13.	Krensky AM, Clayberger C. Biology and clinical relevance of 
granulysin. Tissue Antigens. 2009;73(3):193-198.

14.	Li P, Kaslan M, Lee SH, Yao J, Gao Z. Progress in exosome 
isolation techniques. Theranostics. 2017;7(3):789-804.

15.	Lugini L, Cecchetti S, Huber V, Luciani F, Macchia G, Spa
daro F, Paris L, Abalsamo L, Colone M, Molinari A, Podo 
F, Rivoltini L, Ramoni C, Fais S. Immune surveillance pro
perties of human NK cell-derived exosomes. J. Immunol. 
2012;189(6):2833-2842.

16.	Ma D, Cao W, Kapur A, Felder M, Scarlett CO, Patankar MS, 
Li L. Differential expression of proteins in I and IL-2 stimu-
lated primary human NK cells identified by global proteomic 
analysis. J. Proteomics. 2013;91:151-163.

17.	Miguet L, Pacaud K, Felden C, Hugel B, Martinez MC, Freys-
sinet JM, Herbrecht R, Potier N, van Dorsselaer A, Mauvieux 
L. Proteomic analysis of malignant lymphocyte membrane 
microparticles using double ionization coverage optimization. 
Proteomics. 2006;6(1):153-171.

18.	Nawrot R, Barylski J, Schulze WX. Incorrectly annotated kera-
tin derived peptide sequences lead to misleading MS/MS data 
interpretation. J. Proteomics. 2013;91:270-273.

19.	Scheiter M, Lau U, van Ham M, Bulitta B, Gröbe L, Garritsen 
H, Klawonn F, König S, Jänsch L. Proteome analysis of dis-
tinct developmental stages of human natural killer (NK) cells. 
Mol. Cell Proteomics. 2013;12(5):1099-1114.

20.	Screpanti V, Wallin RP, Grandien A, Ljunggren HG. Impact of 
FASL-induced apoptosis in the elimination of tumor cells by 
NK cells. Mol. Immunol. 2005;42(4):495-499.

21.	Shoae-Hassani A, Hamidieh AA, Behfar M, Mohseni R, Mor-
tazavi-Tabatabaei SA, Asgharzadeh S. NK cell-derived exo-
somes from NK cells previously exposed to neuroblastoma 

cells augment the antitumor activity of cytokine-activated NK 
cells. J. Immunother. 2017;40(7):265-276.

22.	Sokolov DI, Ovchinnikova OM, Korenkov DA, Viknyan-
schuk AN, Benken KA, Onokhin KV, Selkov SA. Influence 
of peripheral blood microparticles of pregnant women with 
preeclampsia on the phenotype of monocytes. Transl. Res. 
2016;170:112-123.

23.	Taylor RN, Roberts JM, Cunningham FG, Lindheimer MD, 
Chesley LC. Chesley’s Hypertensive disorders in pregnancy. 
Amsterdam; Boston, 2015.

24.	Théry C, Ostrowski M, Segura E. Membrane vesicles as 
conveyors of immune responses. Nat. Rev. Immunol. 2009; 
9(8):581-593.

25.	Théry C, Zitvogel L, Amigorena S. Exosomes: composition, 
biogenesis and function. Nat. Rev. Immunol. 2002;2(8):569-579.

26.	Thiery J, Keefe D, Boulant S, Boucrot E, Walch M, Martinva-
let D, Goping IS, Bleackley RC, Kirchhausen T, Lieberman J. 
Perforin pores in the endosomal membrane trigger the release 
of endocytosed granzyme B into the cytosol of target cells. 
Nat. Immunol. 2011;12(8):770-777.

27.	Tramontano AF, Lyubarova R, Tsiakos J, Palaia T, Deleon JR, 
Ragolia L. Circulating endothelial microparticles in diabetes 
mellitus. Mediators Inflamm. 2010;2010. ID 250476. Doi: 
10.1155/2010/250476.

28.	van der Pol E, Coumans FA, Grootemaat AE, Gardiner C, 
Sargent IL, Harrison P, Sturk A, van Leeuwen TG, Nieuwland 
R. Particle size distribution of exosomes and microvesicles de-
termined by transmission electron microscopy, flow cytometry, 
nanoparticle tracking analysis, and resistive pulse sensing. J. 
Thromb. Haemost. 2014;12(7):1182-1192.

29.	van Eden W, Jansen MAA, Ludwig I, van Kooten P, van der 
Zee R, Broere F. The enigma of heat shock proteins in im-
mune tolerance. Front. Immunol. 2017;8:1599. doi: 10.3389/
fimmu.2017.01599.

30.	Zhu L, Kalimuthu S, Gangadaran P, Oh JM, Lee HW, Baek 
SH, Jeong SY, Lee SW, Lee J, Ahn BC. Exosomes derived 
from natural killer cells exert therapeutic effect in melanoma. 
Theranostics. 2017;7(10):2732-2745.

A. V. Korenevskii, Yu. P. Milyutina, et al.

View publication statsView publication stats

https://www.researchgate.net/publication/327099906

	ABSTRACT

	MATERIALS AND METHODS
	RESULTS
	REFERENCES



