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AHHOTaIIHs1. BHeK/IeTOUHbIe Be3UKY/Ibl (BB) UIPAIOT BasKHYIO PO/Ib B MESKK/IETOYHOM KOMMYHUKALIUK U BIHSIOT
Ha MHOXeCTBO QH3HO0I0TMYeCKUX U I1aTOJIOTMUeCKUX IIPOoLleccoB. MeMOpaHHO-aCCOLIMKMPOBAHHBIE BHEK/IETOU-
Hble Be3uKYJbl (MAB) IpencTaBisiioT c060r 0COOBIF MaJIOM3yUeHHBIN KJIACC BHEK/IETOUHBIX Be3HKYII. B JaHHOM
paboTe IpoeMOHCTPUPOBAHO HCIIOIb30BAHHE MeTOa KPHO-31eKTPOHHOM MUKPOCKOMIU U (KPHO-IM) ISl U3y~
yeHHUSI MAB, ceKpeTHPyeMbIX Me3eHXHMHBIMHU CTBOJIOBBIMU/CTPOMA/IbBHBIMU KJIeTKaMU desnoBeka (MCK).
C momoIbio Kpruo-OM ynanoch 0OHapy>KKUTb BE3UKYJIBL C JHaMeTPOM 0T 50 1o 750 HM, pacIionoskeHHble BOIH3H
[IOBEPXHOCTH KJIeTOK. IIolyueHHBIe Pe3yIbTaThl IOMOTYT B fa/IbHelIIeM H3yUeHUH GU3H0T0IHYeCcKOH POIH
MAB U yCTaHOB/IEHHH HUX CBSI3U C K/IETOYHBIMU MeMOpaHaMHU.
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Abstract. Extracellular vesicles (EVs) play an important role in intercellular communication and influence a wide
range of physiological and pathological processes. Membrane-associated extracellular vesicles (MAVs) represent a
distinct and poorly understood class of EVs. This study demonstrates the application of cryo-electron microscopy
(cryo-EM) to investigate MAVs secreted by human mesenchymal stem/stromal cells (MSCs). Cryo-EM revealed ves-
icles ranging in diameter from 50 to 750 nm located near the cell surface. The results obtained will facilitate fur-
ther studies on the physiological role of MAVs and their association with cell membranes.
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BBE/JLEHUE
[lepeHOC 6HOJIOTUYEeCKH aKTHBHBIX GaKTOPOB
B COCTaBe BHEKJIETOUHBIX Be3HKkyn1 (BB), cekpe-
THPYeMbIX Me3eHXHUMHBIMU CTBOJOBBIMU/CTPO-
MaJbHBIMHU KJIeTKaMu (MCK), coriacHo coBpe-
MEeHHBIM JaHHBIM, JIEXKUT B OCHOBE MeXXKJIeTOU-
HOM KOMMYHHKAILIUU IIPU peaJd3allUu MHOTHUX
MeXaHHU3MOB pereHepaTOPHOTO AeHCTBUS 3THX
KneToK. Mcmons3oBanue BB MCK paccmaTpu-
BAaIOT KaK MePCIeKTUBHBIM TepaleBTHUYECKUH
MOAXOJI B JIeYeHUH Pa3/IMYHBIX IATOJOTHUYeCKUX
npoueccoB. Hanpumep, BB MCK MOTyT CTUMY-
U POBaTh pereHepalmio TkaHew [1, 2], peryiupo-
BaTh paboTy UMMYHHOM CHCTeMHI (3, 4], mOMOUb
B JleueHUH GUOPOTHUUECKHX, OHKOTOIMYEeCKHUX
U UHPEeKIIMOHHBIX 3ab01eBaHu [5, 6].

TepMHUH "BHEKJIETOUHBIE Be3UKY/IBl' OTHOCHUTCS
K 4acTHIlaM, KOTOpPble BBICBOOOKAAIOTCS U3 KJle-
TOK, OTPaHHYEeHHBIX TUIHUAHBM 6HCI0eM; OHHU
He MOTYT CAaMOCTOSTEe/JbHO PeNJHUIHPOBATHCS
(T.e. He comep>kaT PyHKIMOHAIBHOTO sapa) [7].
B HacTosIee BpeMs BbIAE/ISIIOT HECKOIBKO KJIac-
coB BB (HampuMep, 3K30COMBI, MUKPOBE3HKYJIBI
U alloNTOTHYecKkHe Tenbla). OQHAKO KIacCUU-
Kallus MNOATHUIIOB BB oc/llO’KHeHa TeM, UTO HeT
eIMHOT0 KOHCEeHCyca CIelHaJIuCTOB M3-3a orpa-
HHUYeHUN TeXHUYeCKHX BO3MOXHOCTEH MeTO/I0B
pa3nesieHHs pa3HBIX [IOATHUIIOB [8].

INTRODUCTION

The transfer of biologically active factors in extracel-
lular vesicles (EVs) secreted by mesenchymal stem/
stromal cells (MSCs), according to modern data, is
the basis of intercellular communication in imple-
mentation of many mechanisms of regenerative
action of these cells. The use of EVs MSCs is consid-
ered as a promising therapeutic approach in various
pathological processes treatment. For example, EVs
MSCs can stimulate tissue regeneration [1, 2], regu-
late the immune system [3, 4], help in the treatment
of fibrotic, oncological and infectious diseases [5, 6].

The term "extracellular vesicles" refers to particles
that are released from cells bounded by a lipid bilayer;
they cannot replicate independently (i.e., they do
not contain a functional nucleus) [7]. Currently, sev-
eral classes of EVs are distinguished (e.g., exosomes,
microvesicles, and apoptotic cells). However, the clas-
sification of EVs subtypes is complicated by the fact
that there is no unified consensus of specialists due to
the limitations of technical capabilities of methods for
separating different subtypes [8].

Membrane vesicle-like particles exist on the sur-
face of many animal cells, ranging in size from tens
of nanometres to 1-2 pm. These particles have long
been regarded as precursors of EVs (in particular,
microvesicles or microparticles), which are attached
to the membrane until released into the intercellular
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Ha moBepxXHOCTH MHOTMX XHBOTHBIX KJle-
TOK CYIIecTBYIT MeMOpaHHBIe Be3UKYJIOIMO-
HoOHBIE YaCTHIIBI, pa3Mep KOTOPBIX BapbUPY-
eTCs OT JeCATKOB HAHOMETPOB 0 1-2 MKM. ITH
YaCTHUILBL SOJITOe BpeMs pPacCMaTpPHUBAIUCh KaK
npefmecTBeHHUKHU BB (B 4aCTHOCTH, MUKPO-
Be3HKYJ UJIKM MHUKPOYACTHIL), KOTOpble IPHUKpe-
IjaeHb K MeMbpaHe J0 MOMeHTa BeICBOOOXKe-
HHSA B MeXKJIETOYHOEe IIPOCTPAHCTBO. B HacTo-
sllee BpeMsl B PYCCKOSI3BIYHOM JINTepaType HeT
06IIeNpHUHSATOr0 TEepMUHA 1711 0003HAUEHH I 3THUX
BB. I'pynmna uccienoBaTesed of, PyKOBOACTBOM
Vou YeHa, B MCC/IeOBAHUAX KOTOPOH ObLI BIep-
Bble OIIMCaH JaHHBIH KJacC BB [/ K/IeTOK 4eJo-
BeKka (KJeTKH SHIO0TeNHS IMYIOYHOro KaHaTHKa
(HUVEC), knetku remnatomsl (HepG-2)), npenmuo-
skusa TepmuH cell-bound membrane vesicles [9],
U lajlee HAaMHU OyJleT HMCII0JIb30BaH TEPMHUH 'MeM-
6paHHO-aCcCOMHUPOBAHHBIEe Be3uUKYIbl (MAB).
Beino moka3aHo, 4To MAB SBISAIOTCA OTAEIbHBIM
Kjaccom BB, Tak Kak y MAB OTCYTCTBYeT COJIOKa~
U3 M C IpeJIiojaraeMbIMH [IOBEPXHOCTHBIMHU
MapKepaMHu 3K30coM (benkamu CD31, CD63 u gpy-
TUMH), OHH YCTOMYHBHE K 06paboTKe meTepreH-
TaMM, HO PaCTBOPHUMBIL B OpraHUYeCKHX COeJHuHe-
HHAX, KpOMe TOro, OTCYTCTBYeT CAMOIIPOH3BOJIb-
Hoe BbICBOOOXKAeHHe MAB c IOBepXHOCTH KJIETOK.

Ha cerogHsSMHUK OeHb CTPyKTypa, COCTaB
U QyHKUIMHU MAB Bce ellje 0CTAaIOTCH MaJIOU3ydeH-
HBIMH. B pa60Tax [9, 10] mnsa BU3yanu3auuu MAB
HCIIO0Nb30Bald MeTOoJ KOHPOKATBHOM MHKPO-
CKOIHHU C TuPPepeHIIMATIbHEIM HHTeppepeH I 1-
OHHBIM KOHTPAaCTOM; KpOMe TOrO, II10Cjie OTKpe-
IJIEHU s OT MeMOpaHBbI JeTepreHToOM KX HCCIe/0-
Ba/IM C IOMOIIbIO IPOCBEYHBAIOIEHN 3/IeKTPOH-
HOM MHKPOCKOIIHU C HeTaTHBHBIM KOHTPACTH-
poBaHMeM UM MCIIO/Jb30BaAaHHEM MeTOoha JUHAMM-
YeCKOro paccesHHs cBeTa. [Io JaHHBIM I10C/Ie[-
Hero, UX CpeJHUM pa3Mep cocTaBUJI 443+6 HM,
4YTO HAXOAHUTCH Ha IIpejejie paspelleHus OINTH-
YeCKOH MUKPOCKOIHH K, OYeBHUIHO, ee HCIIO/b-
30BaHMe He BCeraa mo3BojseT yBuaeTh BB. Brelia
BhICKa3aHa rMUI0oTe3a 0 IPUMeHUMOCTH aTOMHO-
CH/IOBOM MHKPOCKOIHMHU [OJISI BH3ya/lH3allUU
MAB Ha BBRICYIIeHHBIX KJIeTKax [11], ogHaKo npu
3TOM MOI'YT BO3SHMKATh CJIOKHOCTH C UAEHTHOU-
KallMeH JIONMHYBIM KX MAB Ha nM306paskeHHUSX.
TakuM obpa3oM, NpeaCcTaBIsIeTCs IePCIeKTUB-
HBIM Pa3BUTHE IOAXOLOB, IIpealojaramiinux
MHUHHMaJbHY0 06paboTKy 06pa310B U UCIIOIb30-
BaHUe 31eKTPOHHOHN MHKPOCKOIIUU U, B YaCTHO-
CTHU, KPHUO3IeKTPOHHON MUKPOCKONIHH (KpHo-IM)
715 BU3Yya/Ju3alHuU U U3ydeHus MAB.

9TOoT MeToJ IoApa3yMeBaeT OBICTPYI 3aMO-
Po3Ky 06pa3L0B, HAXOA S MXCS Ha CIIeIMaIbHBIX
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space. At present, there is no generally accepted term
for these EVs in the Russian-language literature. The
group of researchers led by Yong Chen, in whose stud-
ies this class of EVs was first described for human cells
(umbilical cord endothelial cells (HUVEC), hepatoma
cells (HepG-2)), proposed the term "cell-bound mem-
brane vesicles" [9], and hereinafter we will use the
term "membrane-associated vesicles" (MAVs). It was
shown that MAVs are a separate class of EVs, as MAVs
have no co-localisation with putative surface markers
of exosomes (proteins CD31, CD63 and others), they are
resistant to detergent treatment but soluble in organic
compounds, and there is no spontaneous release of
MAVs from the cell surface.

Nowadays, the structure, composition and func-
tions of MAVs are still poorly understood. In [9, 10],
the method of confocal microscopy with differential
interference contrast was used to visualise MAVs; in
addition, after detachment from the membrane with
detergent, they were studied by transmission elec-
tron microscopy with negative contrast and using
the dynamic light scattering method. According to
the latter, their average size was 443+6 nm, which is
at the resolution limit of optical microscopy and obvi-
ously its use does not always allow to see the EVs. The
applicability of atomic force microscopy for visualisa-
tion of MAVs on dried cells has been hypothesised [11],
but there may be difficulties in identifying burst
MAVs in images. Thus, it seems promising to develop
approaches involving minimal sample processing and
the use of electron microscopy and, in particular,
cryo-electron microscopy (cryo-EM) to visualise and
study MAVs.

This method involves rapid freezing of samples
located on special metal grids covered with a thin
carbon substrate. Their peculiarity is that there are
numerous holes in the substrate; they can be arranged
regularly or chaotically. Cryo-EM has been successfully
used to visualise individual EVs [12], whole cells [13],
as well as to study interactions between eukaryotic
cells and viruses, which are close to EVs in size [14].
However, the use of cryo-EM to visualise MAVs directly
on cells is a novel approach. The experiments described
in this paper may provide a methodological basis for
studying physiological role of MAVs. In addition, con-
sidering the growing interest of medicine in the appli-
cation of EVs from human MSCs as therapeutic agents,
description of mechanisms and biological properties of
various EVs produced by this cell type is an urgent fun-
damental and applied task.

MATERIALS AND METHODS

Cell culturing. Immortalised MSCs isolated from
human adipose tissue (ATCC, ASC52telo) were used in
this work. The cell line was provided by the biobank
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MeTaJIZTM4eCKHX CeTKaX, IIOKPbITEIX TOHKOH yIJjIe-
POLHOM IIOLOKKOM. X 0COD@HHOCTH COCTOHUT
B TOM, YTO B IIOJJIOKKE IIPUCYTCTBYIOT MHOTO-
YHCIeHHble OTBEPCTHS; OHU MOTYT OBITH pac-
[10JIOKeHBI PeTyJIsSIpHO UM XaoTHYeCKUM obpa-
30M. Kpro DM c ycrmexom MCIIONb3YIOT OJIS BH3ya-
JIM3alUU OTHEeNbHBIX BB [12], 11e1bIX KJIeTOoK [13],
a TaKk>Ke M3y4eHH sl B3aUMOLEHCTBU S MeXAY 3yKa-
PHOTHYECKHUMHU KJIeTKaMHU U BUPyCaMHU, KOTOPhIe
61u3Kku K BB 1o pasmepam [14]. OgHAKO, HCIIOb-
30BaHHe Kpuo DM g BHU3yanusanuu MAB Hero-
CpelCTBEHHO Ha KJIeTKaX SBJISIeTCS HOBLIM IIOJ-
X04OM. DKCIIEpHUMEHTHI, OIIHCAHHbBIE B JAHHOH
paboTe, MOTYT 3aJIOKMTb MEeTOJHUYECKYIO OCHOBY
JLJIs1 UcClleJoBaHU ST GU3H0I0THYeckol ponu MAB.
KpoMe TOro, yuuThiBasg HapacCTaWOIIyO 3aHHTe-
pecoBaHHOCTb MeJUIIMHLL B IPUMeHeHUH BB
oT MCK 4esyioBeKa B KauyeCTBe TepalleBTHYeCKOIo
CpencCTBa, ONHMCAHME MeXaHH3MOB U brosoruye-
CKHX CBOMCTB pa3/IM4YHBIX BB, mpoAyLupyeMBbIX
JAHHBIM THIIOM KJIETOK, SIBJSeTCS aKTya/JbHOM
byHIaMeHTaJbHON U IPUKJIASHOM 3aJauel.

MATEPUAJIbI U METOADI

Kyn1bpTUBHUpOBaHHe KJIETOK. B maHHON paboTe
OBIJIM MCIOJIB30BAHB HMMMOPTAalH30BaHHBIE
MCK, BhIeneHHBle U3 KHPOBOM TKAHHU Ueyo-
Beka (ATCC, ASC52telo). JInHus KIeTOK 6bLIa IIpe-
nocTaBieHa 6nobaHKOM K3 KojleKI MU LleHTpa
pereHepaTHBHON MeguUKUHB MHOU MI'Y uMeHU
M.B. JlomoHocoBa, (https://human.depo.msu.
ru). MCK 6bl711 BeIpallleHbl Ha IIOBEPXHOCTHU Iep-
bOopHUPOBAHHON TOHKOH YIJIePOLHOMN IMOMAJIOXKHU
C-flat 1.2/1.3, 3aKkpeIieHHOMN Ha 30/I0TOH IIOAep-
SKHBaloLler ceTo4ukKe [l 3/IeKTPOHHOK MHKPO-
ckornuu (Protochips, CIIA).

JJisl 9TOro CeTOYKHU OBbI/IM pa3sMelleHBl B TYH-
Kax 12-1yHOYHOTO IIJIAaHIIETAa U IPOCTEPUIU-
30BaHBbl yabTpaduonerom (3 pasa mo 30 MUH
B YCJIOBHUSIX CTePHUJIBHOTO JJaMHUHapHOro 6oKkca).
B KaskAyio NyHKY IJaHIIeTa ObIJIK BbICa>KeHEI
MCK B koHUeHTpanuu 40000 KiI/1yHKa B cpene
OMEM-®12 (Capricorn, 'epmanus) c gobasie-
HHeM 7% peTanbHOM 6bIuber CBIBOPOTKHU (Lacopa,
Poccusi) U 1Xx NeHHUIUJIHUHA-CTPEITOMUIIMHA
(Gibco, CIIIA). Yepe3 CyTKH KYJIbTHUBHPOBAHHUS
Obl/1a IIpOBeJeHa OLleHKa COCTOSIHHS KYJIbTYPEL
C IIoMOIIbI0 $a30BO-KOHTPACTHOM MHKPOCKOIIUH
(Leica DM IL LED, l'epMaHUSI).

Kpuo-3M. Ilepen 3aMOPO3KOMH 151 KPUOo-OM
CeTOUYKH OTMBIBA/IIH B c6aJlaHCHPOBAHHOM CoOJle-
BOM 6yq)epe XeHkca (ITaH3ko, Poccus), mocie
4ero 3aMopa’kMBaJIk B KUAKOM 3TaHe IIPU TeM-
nepatype -180 °C B yctaHoBKe EM GP2 (Leica
Microsystems, lepmaHuUs). IIpu 3TOM HU3JIHIIKHU

from the collection of the Centre for Regenerative
Medicine, Lomonosov Moscow State University,
(https://human.depo.msu.ru). MSCs were grown on
the surface of perforated thin carbon substrate C-flat
1.2/1.3 fixed on a gold support grid for electron micros-
copy (Protochips, USA).

For this purpose, the grids were placed in the wells
of a 12-well plate and sterilised by ultraviolet light
(3 times for 30 minutes each in a sterile laminar box).
MSCs were planted in each well of the plate at a con-
centration of 40000 cells/well in DMEM-F12 medium
(Capricorn, Germany) supplemented with 7% fetal
bovine serum (Lacopa, Russia) and 1x penicillin-strep-
tomycin (Gibco, USA). After a day of cultivation, the
culture condition was assessed using phase-contrast
microscopy (Leica DM IL LED, Germany).

Cryo-EM. Before freezing for cryo-EM, the grids
were washed in Hanks’ balanced salt buffer (PanEco,
Russia) and then frozen in liquid ethane at -180 °C in
an EM GP2 unit (Leica Microsystems, Germany). Excess
liquid was removed by blotting with Whatman #1 fil-
ter paper from the back side of the carbon substrate
for 10 s. This allowed minimising probability of cells
detachment from the substrate surface due to contact
with filter paper. Cryo-EM studies were performed on
a transmission electron microscope JEM-2100 (Jeol,
Japan) at an accelerating voltage of 200 kV. Images
were acquired using a DE-20 direct electron detection
detector (Direct Electron, USA) in the accumulation
mode (integration), at a nominal defocus of 10 pm, a
total dose of irradiation of each imaging region not
more than 20 e/A? and at a microscope magnification
corresponding to a pixel size of 5.7A in the image. Drift
correction, Gaussian filtering and contrast correction
were performed on the obtained image series.

RESULTS AND DISCUSSION

As a result of these experiments, the protocols for
planting MSCs on gold grids and preparing samples
for further study by the cryo-EM method were worked
out. Photographs were obtained in the process of MSCs
cultivation on gold grids (Fig.1a). The cells are spread
over the surface of the carbon film covering the gold
grid, and their edges are visible in many cells. Next,
the meshes with MSCs were subjected to rapid freez-
ing. Figure 1b shows an image of the cell edge obtained
by cryo-EM. It can be seen that the carbon substrate
is not solid, but contains regularly spaced round holes
with a diameter of 1.2 pm filled with ice. In the image,
the cell appears darker than the pure substrate, small
fragments of crystalline ice are also present, not pre-
venting the study of the peripheral regions of the cells.
On a qualitative level, the images we obtained are sim-
ilar to those reported in the literature for liver cells [15]
or neurons [16].
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SKUAKOCTH yAaasIyd IIpOMaKHuBaHUeM QUIBTPO-
BanbHOM 6ymaroin Whatman #1 ¢ TEIIBHOM CTO-
POHBI YyIJIepPOLHOU MOAJIOXKKH MNPOAOJIKUTEIb"
HOCTbHIO0 10 €. 5TO IIO3BOTM/IO MUHUMU3UPOBATH
BEPOSATHOCTb OTKpeIlJIeHU S KJIeTOK OT II0OBepX-
HOCTH IIOAJIOKKH BCJIeACTBHE KOHTAKTa C QUJIb-
TpoBaJbHOM Oymaron. MccienoBaHHS MeTO-
JOM KpHO-OM HPOHU3BOLAHJIM Ha NPOCBEYHBAIO-
ImeM 3JIeKTPOHHOM MHUKpocKome JEM-2100 (Jeol,
SINOHHUS) IPH YCKOPSIIOIeM HaIpsi>keHUH 200 KB.
M3o6paskeHUs OBIIM IOJYUYeHBl C IOMOIIBIO
JeTeKTopa IPsiMOTO 06HaApPy>KeHU S 371eKTPOHOB
DE-20 (Direct Electron, CIIIA) B pe>kuMe HaKOIIJIe-
HHU4 (integration), Ipyu HOMHUHA/IbHOM AedoKyce
-10 MKM, CyMMapHOH A03e 061ydyeHUsT Ka>KI0H
obnacTu cbeMKHU He 6osee 20 e/A? 1 IPU yBelU-
YeHHUH MHUKPOCKOIIA, COOTBETCTBYIOIIEI0 pa3Mepy
nuKcens 5.7A Ha u3obpaskeHuH. Ha mony4eHHBIX
cepusix U306paskeHUI NPoH3BeJeHa KOPPeKIHs
openda, rayccoBa GUABTPALIMs U KOpPPeKL U
KOHTpacTa.

PE3YJIbTATbI U OBCY)XAEHUE

B pe3sysibTaTe IpOBeeHHBIX 3KCIIEPUMEHTOB ObLIU
oTpaboTaHBl MPOTOKOJBI ITocagKku MCK Ha 307510-
Thle CeTKH U MOATOTOBKU 00pa3I0B A/Is AaJIbHe-
1Iero U3y4YeHHuss MeTOLOM KPpHO-DM. BbIIU 11071y~
4eHbl OTOrpaduu B IIpoliecce KyJIbTUBUPOBAHU S
MCK Ha 30/10TBIX CeTKax (pHC.la). Kietku pac-
IJIACTAHBI 10 [IOBePXHOCTH yIJIePOAHOM IIJIEHKH,
MOKPBIBAOIIel 30/I0TY0 CeTKY, M MX Kpasi BULHBI
BO MHOTHUX siuelKax. [lanee, ceTKU ¢ MCK mozBep-
raauck 6eIcTpor 3amMopo3Ke. Ha puc.lb mokasano
Hn3obpaskeHHe Kpasi KJIeTKH, II0JIy4YeHHOe MeTOI0M
KpHOo-OM. BuaHO, YTO yriepoaHas IMO4JIOXKKaA He
CIJIOIIHASA, a COLEPKUT PeryaspHO PacIlo/IOKeH-
Hble KPYIJIble OTBePCTHS C JMaMeTpoM 1.2 MKM,
3aIlo/HeHHBIe 1bJ0M. Ha H306paskeHUU KIeTKa
BBIIVIAUT Oojlee TeMHOM, YeM YHCTasl ITOAJIOXKKA,
TaK>Ke IPHUCYTCTBYIOT Hebonpmue pparMeHTH
KPHUCTAJIIMYECKOrO JibJa, He HPeHATCTBYIOIIHe
H3y4yeHHUIO0 MepudepUHBIX 06/1acTell KIeTOK.
Ha xauecTBeHHOM ypOBHeE [10/Iy4YeHHble HAMHU H30-
OpaskeHH S aHAJIOTUYHBI H300paskeHUSIM, KOTOphIe
IIPHUBOASTCS B IMNTepaType AJIs1 KIeTOK IHedeHH [15]
WU HeHpOHOB [16].

HM3o06pa>keHUSsI, MOJydYeHHBIe METOLOM
Kpuo-OM, 061afal0T HU3KHUM KOHTPAacTOM. JTO
BBI3BAHO TeM, UYTO HCCJIeflyeMble 06BeKTHI COCTOSIT
M3 aTOMOB 3JIEMEHTOB C HU3KHM aTOMHBIM HOMe-
poM, c1abo paccerBaIOUUX 3JIeKTPOHBI Ha 60/Ib-
mue yribl. Kpome Toro, xapakTepHas TOMIIMHA
opernapara A HCCaegoBaHUA B IIDM cocTaB-
nsetT nopsaka 50-100 Hm (nas amopdHBIX 6uro-
JTOru4YeCKHUX 00beKTOB, COCTOSIIIUX K3 aTOMOB
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Images obtained by the cryo-EM method have low
contrast. This is caused by the fact that the studied
objects consist of atoms of elements with low atomic
number, weakly scattering electrons at large angles.
In addition, the characteristic thickness of prepara-
tion to be studied in TEM is nearby the 50-100 nm
(for amorphous biological objects consisting of
atoms with low atomic number). Therefore, the
excessive thickness of even the peripheral region of
cells represents a serious limiting factor. To increase
the contrast, we used defocusing of the objective
lens of the microscope, which allows us to enhance
the phase contrast in the images. Also, for clarity
and ease of interpretation of the images, the main
structures of interest were manually highlighted in
colour.

The most contrast structures visible in the images
are holes in the carbon substrate and crystalline ice
particles, while the biological structures of inter-
est for analysis have low contrast. In this study, we
first imaged MAVs produced by MSCs by cryo-EM. At
the edge of the cell, where its thickness is minimal,
the cell membrane of MSCs and individual vesicles
can be seen (Fig.2). In some cases it was possible to
observe elongated characteristic structures inside
the cell, bundles of fibres, which were interpreted
as actin fibrils. Similar structures were observed
by cryo-EM in mouse catecholaminergic neuronal
cells [16] and human keratinocytes [17].

Cell membranes have a relatively high contrast in
cryo-EM, and this allows us to interpret the particles
located near the cells, surrounded by the membrane,
as EVs. We were able to observe vesicles of different
geometries, ranging in size from 50 nm to 750 nm.
These values seem realistic, taking into account the
general ideas about the size of EVs [8] and the available
data on the size of MAVs [9, 10]. Many EVs contained
not one lipid bilayer, but two (Fig.3) or more. The
presence of several lipid bilayers may be the cause of
MAVs resistance to detergents. However, this assump-
tion should be confirmed by additional experiments.
Previously, the cryo-EM method allowed detecting the
similar multilayered MAVs isolated from samples of
different origin [18, 19]; their physiological role is not
completely clear.

Both EVs directly in contact with the membrane
(Fig.3) and those close to it, at a distance of less
than 50 nm (Fig.2), were encountered in the images
obtained. The presence of the observed particles near
the MSCs can be interpreted in one of three ways.

Firstly, they may be EVs secreted by a cell that is
in the field of view. Secondly, they may be EVs that
were secreted by another cell and the cell in the field
of view has bound them on its surface. To date, most
experimental evidence suggests that EVs are usually
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Puc.1. ®omozpagpuu MCK Ha 30n0mol cemke: a — ¢omozpadus, NoAy4HeHHas 8 Npouecce KyAbmuguposaHus KAEMmMoK ¢ NOMOLUbHO
ceemosoll mukpockonuu (Macwma6Hbili ompe3ok 50 MKM), GUoAemosble CmpeAKU NoKA3bieaom Kpas kKAemok, b — kpuo-IM u3o-
6pa>keHue KAemKuU, 3amMopoyKeHHOU Ha nepdopupo8aHHoli y2aepodHol Nodaoxke (MacwmabHbili ompe3oK 5 MKM)
Fig.1. Photographs of MSCs on a gold grid: a - photograph obtained during cell culture using light microscopy (scale bar is 50 pm), the pur-
ple arrows indicate the cell edges, b — cryo EM image of a cell frozen on a perforated carbon substrate (scale bar is 5 pm)

C HU3KHMM aTOMHBIM HOMepoM). [ToaTomy u36bI-
TOYHAs TOJMIMHA ga’ke epudeprUHON obracTu
KJIETOK IIpelCcTaBiseT coOOM cepbe3HBIN Orpa-
HHUYUBAOMUN PaKToOp. [ yBelHUYeHUSI KOH-
TpacTa MBI MCIIOTb30BaIU AePOKYCHUPOBKY 06B-
eKTHBHOM JTHH3bl MHKPOCKOIIA, II03BO/ISIONLYO
YCHUIUTH Ga30BBIN KOHTPACT Ha H300paskeHHUIX.
Tak>Ke [/1s1 HAIJISIAHOCTH U YA06CTBAa HHTepIIpe-
TalKMH U306paskeHUH Ha HUX BPYYHYIO BbIEJISIIH
LIBeTOM OCHOBHBIE CTPYKTYPBhI, IPeACTaBIsAIOIIHe
HHTepec.

Hanbosee KOHTpPaCTHBIE CTPYKTYPBI, BUAKUMBIE
Ha M306paskeHUSIX ~ 3TO OTBEPCTHUS B yIJIePOJHOM
IIOOJIOKKEe M YaCTHILbI KPUCTAJIJIMYECKOI o JbJa,
a IMpesCTaBIISIONI e HHTepec s aHanu3a broio-
ruvyecKkye CTPYKTYpbl MMeIOT HU3KHKM KOHTPACT.
B maHHOM HCCIeNOBAaHHU HaMU BIIepBble ObIIHN
Imosy4eHsl H300paskeHU st MAB, mponyLupyeMble
MCK, meTtomom Kpuo-OM. Ha Kpar KJIeTKH, I'Ie
ee TONIMHA MUHHUMAaJIbHA, MOXHO YBUIETh KJle-
TO4YHYI0 MeMbpaHy MCK U oT/e/IbHbEIe Be3UKYJIbI
(puc.2). B HEKOTOPBIX C/lydasix BHYTPH KJIETKHU
yaaBasoch HabMOIATh BBITSIHYThle XapaKTep-
HBle CTPYKTYPBhl, IY4KH BOJIOKOH, KOTOPbIe ObLIH
HHTEepPIPeTUPOBAHB Kak GUOPHUIIIBI aKTHHA.
AHanorv4YHble CTPYKTYPHl HAOMIOLATHCH METO-
oM KpHo-9M B KaTexo/JaMHHepruieckux HeHpo-
HaJIBHBIX KJIeTKax MBIIIHU [16] U KepaTHHOLIMTAaX
yesioBeka [17].

internalised into the endosomal compartment by
endocytosis. However, the exact mechanisms con-
trolling EVs endocytosis remain highly controver-
sial. Various mechanisms of EV uptake by the recipi-
ent cell have been proposed, including clathrin-medi-
ated endocytosis, caveolin-dependent endocytosis,
micropinocytosis, and phagocytosis. In addition, the
role of lipid raft proteins and specific protein-protein
interactions in EVs internalisation has been shown.
Typically, docking and subsequent endocytosis of EVs
is facilitated by protein-protein interactions with
membrane receptors, ligands, or contact proteins of
recipient cells. Proteins such as tetraspanins, lec-
tins, proteoglycans, and integrins may be involved in
these specific interactions affecting EVs internalisa-
tion [20]. Fusion is another pathway of EVs internali-
sation in which the EV membrane directly fuses with
the plasma membrane of the recipient cell. In addition
to internalisation, EVs can activate intracellular sig-
nalling pathways by direct interaction with surface
receptors or ligands of target cells. EVs signalling can
influence cell phenotype through membrane-bound
morphogens such as Wnt and Notch D114 ligand. Also,
EVs signalling can influence on motility, migration
and invasiveness of tumour cells [21].

Finally, the EVs we observed may be MAVs at the
moment of biogenesis, bound to the cell surface in
the field of view. It is this interpretation that seems
most likely, since before freezing the cell culture was

Vor.17 No. 7-8 2024 NANO INDUSTRY
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Puc.2. Mukpozpapus kpas MCK ¢ 8e3ukyAamu, pacnoaoxkeHHbIMU 86AU3U Hee, NoAyYeHHAs Memodom Kpuo-IM (MacwmabHbili om-
pe3ok 200 HM). Ha u306paxkeHul a KOHMpacm ygeauueH 0As HazAS0Hocmu. Ha u306paxkeHuu b omoenbHble 8e3UKyAbl U 3AeMeHMbl
uumockenema ebloeneHbl Leemom: 6enbim — 3a2psi3HeHUs! AbAd, 20ny6bIM — AUNUOGHbIe bucAOU BB U Kpast KAemKu, 0paH>Kesbim = 0m-
gepcmue 8 y2nepodHoli nodaoxke (duamemp 1,2 MKM), po308biM — LUmMockeAem KAemku

Fig.2. Micrograph of the MSC edge with vesicles located near it, obtained by cryo EM method (scale segment is 200 nm). In image a the
contrast is increased for clarity. In image b, individual vesicles and cytoskeleton elements are highlighted in colour: white - ice contamina-
tion, blue - lipid bilayers of EVs and cell edge, orange — hole in carbon substrate (diameter is 1.2 pm), pink - cell cytoskeleton

KnetouHnble MeMbpaHBl 06/1alal0T CPaBHHU-
TeJIbHO BBICOKMM KOHTPACTOM B KPUO-OM, U 3TO
I103BOJISIeT UHTEPIIPeTHPOBAThH PACIIOOKEHHbIE
BOIM3U KJIETOK YaCTUIIbI, OKPY>KeHHble MeMbpa-
HOM, KaK BB. Ham ynanock HabofaTh Be3UKYIIEL
pa3HoOM reoMeTpuH, pa3mepom oT 50 1o 750 HM.
OTU 3HAYeHUS NPenCTaBASITCI pPeaJiuCTHUU-
HBIMH, C y4eTOM OOIIMX IIpeACcTaBIeHUI 0 pas-
Mepax BB [8] U uMemmUXCS JAHHBIX O pa3Mme-
pax MAB [9, 10]. MHorue BB cofep>kalu He OGUH
AUOUOHBIN 6ucion, a gBa (puc.3) unu bonee.
Hanuuue HeCKONbBKHUX JHUINHUAHBIX 6HuCIOeB
MO>KeT SIBJISIThCS NPUYHUHON YCTOMYHUBOCTH MAB
K geTtepreHraM. OOQHAKO, JaHHOE IIPeAII0I0oKe-
HHUe Heob6X0AMMO MOATBEePAUTH AOMOJIHUTEND"
HBIMH 3KCIIePHMEHTaMH. PaHee MeTo KpHo-OM
I103BOJIMJI OOHAPY>XUTh aHAJOTUUYHbIe MHOTO-
CloMHBIe BB, Bble/leHHBIe 13 06pa3lloB pa3anuy-
HOIO IpoucxoxaeHHu (18, 19], ux dusuosoruye-
CKasl PojIb He 10 KOHIIA ICHA.

Ha monyuyeHHBIX HM300pa’keHHUSIX BCTpeda-
JIUCh KaK BB, HemocpeaCTBeHHO KOHTAKTHPYIO-
mue ¢ MeMbpaHo# (puc.3), TaK K pacIoio)KeHHBbIe
BO/IM3HU Hee, Ha PacCTOSHUU MeHee 50 HM (puc.2).
Hanuuue HabnogaeMbIX YaCTHI] psoom ¢ MCK
MO>KeT ObITh HHTEePIIPEeTHPOBAHO OMHUM U3 Tpex
crioco6oB.

HAHO MHAVCTPUA Tom 17 Ne7-8 2024

cleaned from the residues of the culture medium,
which could contain freely secreted EVs.

The images obtained in the described experiments do
not allow one of these three interpretations to be unam-
biguously chosen. To prove that the observed particles
are indeed MAVs, several experiments seem appropriate.
Firstly, it is possible to suppress the secretion of MAVs to
exclude them from consideration, but it is extremely dif-
ficult to achieve a complete cessation of the cell secretory
activity. Secondly, cells can be treated with enzymes or
detergents to detach MAV from their surface and the
state of the submembrane space after such treatment
can be analysed. Third, it may be useful to use colloidal
gold immunolabelling, which can help identify parti-
cles that have specific protein markers on their surface
to clarify the origin of these particles. However, more
research is necessary to clarify the protein markers spe-
cific to MAVs as a separate subclass of EVs.

CONCLUSIONS

EVs are a challenging subject to study because of their
heterogeneity and variability [8], and MAVs appear to
be a particularly complex specific class of EVs. High-
resolution microscopy techniques have been success-
fully used in EVs studies, and it is hoped that the use
of cryo-EM will provide a better understanding of the
origin and physiological role of MAVs.
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Puc.3. Mukpozpadus mHozocAoliHbix BB 86au3u kpas kaemku MCK, noayyeHHas memodom Kpuo-IM (macwma6bHblli ompe3ok
200 HM). Ha u306paxkeHuu a KOHMpacm yeeauueH 04 HazAsdHocmu. Ha uzobpaxkeHuu b omoeAbHble 8e3UKyAbl, Kpall KAemku

U 3AemMeHmbl LUmMockeaema ébl0eneHbl Ugemom: 20Ay6bim — AunudHble bucaou kanemku MCK u BB, po3osbim — yumockenem

Fig.3. Micrograph of multilayer EVs near the MSC cell edge obtained by cryo EM (scale segment is 200 nm). In image a the contrast is
increased for clarity. In image b individual vesicles, cell edge and cytoskeleton elements are highlighted in colour: blue - lipid bilayers of
MSC cell and EVs, pink - cytoskeleton

Bo-miepBhIX, 3TO MOTYT OBITH BB, cekpeTupye-
Mble KJIeTKOH, KOTOpasli HaXO4HUTCS B II0JIe 3pe-
HHSI. BO-BTOPBIX, 3TO MOTYT 65T BB, KOTO-
pble OBIIM CeKpeTHPOBAHBI APYrol KJIeTKOH,
a KJIeTKa, HaxoOsaUlasics B IIOJie 3peHus, CBSI-
3aJla UX Ha CBOel IOBePXHOCTH. Ha cerogHsmI-
HUH JeHb 60JBIIHMHCTBO 3KCIIEPHUMEeHTaIbHBIX
OaHHBIX CBUIETE/JbCTBYEeT O TOM, UTO BB 00bIUHO
MHTepPHAJIU3yITCS B 9HJ0COMAJIbHBIN KOMIIAPT-
MEHT IIyTeM 3HA0LKUTO03a. OQHAKO TOUHbIE MeXa-
HH3MBI, YIIPaBJISgIOIIHe SHA0LKMTO30M BB, ocTa-
I0OTCSI BeChMa CIIOPHBIMHU. BBIIH MpeaiosKeH bl
pa3iHUYHBle MeXaHHU3MBI 3axBaTa BB KileTKoH-
PeUMIIMeHTOM, BKIKYas KJIaTPHUH-0IIOCPeJ0BaH-
HBIH 3HJOLIMTO3, KaBeOJIMH ~ 3aBUCHMBIH 3H/0-
LIMTO3, MUKPOIMUHOLMTO3 U $paronuros. Kpome
Toro, 6pl7a MoKka3aHa poJib 6eJIKOB JIUIHUAHBIX
padToB U crnenuduUeckuX 6e0K-6eTKOBBIX B3a-
MMOJeHCTBUI B MHTepHalKu3anuu BB. Kak npa-
BMJIO, CTBIKOBKE M IOCAeAYIOIIeMY SHIO0LKUTO3Y
BB crrocobcTByOT 6€/10K-Oe/1KOBBIE B3AaU MO -
CTBHUS ¢ MeMOpPaHHBIMU peLlelTOpaMu, JTHUIAH-
JaMHU HMJIKM KOHTAaKTHBIMU 6e1KaMHU KJIeTOK-PeLik-
nueHToB. Takue 6elKMH, Kak TeTPpacIaHHUHBI,
JIEKTHUHBI, IIPOTEOr/IMKAHB U MHTEeTPHUHBL MOTYT
OBITH BOBJIEUEHBl B 3TH clleljUdHUUYeCKHe B3aHU-
MOZEeMCTBUS, BAHUSIONIHe HAa HHTePHA/THU3al U0
BB [20]. CniusiHHe - ellle OOUH IOYyTh HHTePHATU-
3anuu BB, npu KotopoMm MembpaHa BB Hemno-
CpeACTBEHHO CJIMBAeTCs C [171a3MaTH4YeCKOM MeM-
O6paHOM KJIeTKH-pelUIIHeHTa. [IoMUMO UHTep-
HaaM3al UK, BB MOTryT akKTUBUPOBATh BHYTPH-
KJIeTOYHbIe CHUTHAaJbHbIE IYTHU IIyTeM IIPAMOLO
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In this study, we first studied feasibility of MAV
detection on human MSCs and demonstrated that the
cryo-EM method detects EVs located near or directly on
the cell surface. For this purpose, cells are cultured on
a gold grid for cryo-EM and frozen whole, and studies
are carried out on the edges of unfolded cells, where
the cytoplasm thickness is relatively small and allows
obtaining informative images. Further experiments
on the removal of MAVs from the cell surface by enzy-
matic treatment and analysis of the resulting cell cul-
tures and isolated MAVs by cryo-EM, as well as immu-
nolabelling of these objects, will help to interpret the
resulting images more fully.
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B3aUMOJIENCTBHUS C IOBEPXHOCTHBIMHU pellell-
TOpPaMH HJIH JUTaHJAMHU KJIeTOK-MUIIEHEeH.
CurHanusanusa BB MoxkeT BIUSTh HAa PeHOTHII
KJIeTOK Yepe3 MeMbOpaHOCBsI3aHHBIe MOP)OTeHBbI,
TakHe Kak Wnt 4 nuradang Notch DII4. Takke
CUTHanIMu3aluusg BB MoXkeT BAHUSTh Ha IMOJABHUK-
HOCTbh, MUTPALIMIO0 U HHBAa3HBHOCTH OIIyXO0JIeBhIX
KJIeTOK [21].

HaxkoHel, HabnogaeMble HaMU BB MOTYT 6BITH
MAB B MoMeHTe 6roreHe3a, CBsI3aHHBIE C IIOBEPX-
HOCTBIO KJIeTKH, HaXOAsIleHcs B [10Je 3peHUs.
MMeHHO 3Ta MHTepIpeTalus IIpeacTaBIseTCs
Haubosiee BEPOSITHOM, IIOCKOJIBKY IIepe] 3aMopa-
SKUBAaHHEM KJIeTOUHAas KyJIbTypa b6bpl1a OTMBITA
OT OCTAaTKOB KYy/JIbTYpPalbHOMN Cpelbl, KOTOPHIE
MorIH 6Bl cogepskaTh cBO6OJHO CeKpeTHUPYyeMBble
BB.

H306paskeHUs, II0JIy4YeHHBIe B OIIMChIBA€MBIX
3KCIIepHMeHTaX, He II03BOJISIOT OJHO3HAYHO
BBIOpATh OIHY M3 3THUX TPeX HHTepIpeTaLIui.
Yr1ob6bl LOKa3aTh, YTO HabMogaeMble 4aCTHILbI
JeFICTBUTENBbHO SIBISIIOTCSI MAB, mpencraBis-
I0TCS 1leseco0bpa3HbBIMH HeCKOJIBKO 3KCIIepH-
MEHTOB. Bo-lepBBIX, MOKHO IIOJAaBJISITh CeKpe-
nuio BB, 4TO6B HCKIIOUUTH UX U3 pacCMOTpe-
HHS, ONHAKO HOOHUTHCS IIOJHOrO IpeKpalie-
HHS CeKpPeTOPHOM aKTHBHOCTH KJIeTKH KpaKHe
CIIOKHO. BO-BTOPBIX, MOKHO 06paboTaTh KJIeTKH
bepMeHTAMU UM JeTepreHTaMH, YToObl OTKpe-
OUTh MAB OT UX IOBePXHOCTH, U IPOAHAJIU3U-
POBATh COCTOSIHHE IIPUMeMOpPaHHOTO IIPOCTPAH-
CTBa IIOCJIe TAKOM 06paboTKkuU. B-TpeThUX, MOKET
OBITH I10JIE3HO HCIIOJIb30BAaHHE HMMYyHOMeUe-
HHUA KOJIJIOUOHBIM 30JI0TOM, KOTOpOe IIOMOXKeT
BBISIBUTH YaCTHIIbl, KMeIOIHe Ha CBOeM II0BepPX-
HOCTH cIlenudUudeckue 6eIKOBble MapKepHl,
4TOOBI YTOUHUTD [IPOUCXOKIEHHE 3THX YaCTHUII.
OpHako, OIS YyTOUHEHHS OeJIKOBBIX Mapke-
poB crnenndrYecKUX A1 MAB, KaK OTHe/IBHOIO
moxkiacca BB, HeoOXOL M MBI SOIIOJIHUTE/IbHEIE
HCCIeJOBaHHS.

BbiBO/bl
BB SBJISIOTCS CJIOKHBIM s KCC/IeJOBaHUS 00B-
eKTOM H3-32 HX TeTepOTeHHOCTH U BapuabesbHO-
cTH (8], a MAB npencTaBasiioTCsa 0Cc0OeHHO CJIOXK-
HBIM CIleIIUPUUYECKHM KJaccom BB. MeTozbl
MHKPOCKOIIMH BBICOKOI'O Pa3pelleHus C YCIIeXOM
HCIIONIB3YIOTCS B MCCIeNOBaHUAX BB, © MOXXHO
HaJesaThbCs, YTO IPUMeHeHHUe KPHUo-OM II03BOJIHT
Jy4Yllle IIOHATh IIPOUCXOXKIeHWe U QHU3UO0JIoruYe-
CKYyI0 poinb MAB.

B naHHOU paboTe MBI BIlepBble U3yUHJIHU BO3-
MOSXHOCTh AeTeKIHUM MAB Ha MCK 4yenoBeka
U NPOLEeMOHCTPHPOBAJIHK, YTO MeTo[ KpHo-OM
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BBEISBJISIET BB, pacrionoskeHHbIe BOIHU3HU ITOBEepPX-
HOCTH KJIETOK MJIM HellOCPeACTBeHHO Ha HeH.
J7ns 9TOT0 KJAeTKU KYJIbTHBHUPYIOT Ha 30JI0TOH
CceTKe [/ KPHO-OM M 3aMOpPa>kHUBaIOT LIeJIHKOM,
a MCCIeJOBAHU S IIPOBOAST Ha KpasixX pacIlylacTaH-
HBIX KJIETOK, I[le TONIHHA LIUTOIIJIa3MBbl CPaBHU-
TeJIbHO MaJia M II03BOJIgeT [10Jy4YaTh UHOOpMa-
THUBHBle U300paskeHUs. [laJbHeHIIHe IKCIIePHU-
MEHTHI 10 yaaJeHHuI0 MAB ¢ MOBepXHOCTH KJIe-
TOK C ITOMOIIbI0 PepMeHTATHBHOMN 06paboTKku
M aHaJM3y MOJAYYEeHHBIX KJIETOYHBIX KYJIBTYP
U BbIIe/IeHHBIX MAB MeTomoM KpHo-OM, a TakKe
10 UMMYyHOMeYeHHI0 3TUX 00beKTOB, IIOMOTYT
6ojiee OMTHO UHTEPIIPEeTUPOBATH LIOy4YaeMble
n306paskeHHUS.

BNIATOAAPHOCTHU

Pabora BBHIIIOJIHEHA IPHU IHOALepkKe MesXauc-
LUIIJIHHAPHON Hay4YHO-00pa30BaTe/lbHOM IIKOJIBI
MOCKOBCKOTO TOCyapCTBEHHOIO YHHBEPCHUTETA
"MoJieKyJISipHbIe TeXHOJIOTHUH SKUBBIX CHCTEM U CHH-
TeTuueckas buonorus” (#24-11104-14). PaboTa BBIIIOI-
HeHa C HUCII0JIb30BAaHKWEM YHHKAJIbHON HAYYHOH
YCTaHOBKH "TpexMepHas 3/IeKTPOHHAS MHUKPOCKO-
KIS U CIIEKTPOCKOIIH " BHOIOrHYecKoro Gpakysib-
TeTa MI'VY.

WHO®OPMALUA O PELLEH3UPOBAHUU

Pemakuus 6arogapuT aHOHHMHOTO pelleH3eHTa
(pelLleH3eHTOB) 3a HMX BKJIAJl B pelleH3HpOBaHUe
3TON paboThl, a Takke 3a pa3MelleHHe CTAaTeHd
Ha CaMTe KypHaja U lepefavyy UX B 3JIeKTPOHHOM
Bujze B HOF eLIBRARY.RU.

Jekaapauus o KOHPAUKMe UHMepecos. Asmopbl 3096~
Aftom 06 omcymcmeuu KOHPAUKMO8 UHMepPecos UAU AUY-
HbLX 0MHOWeHUL, Komopble Mo2Au bbl no8AUAMb Ha pabomy,
npedcmasaeHHyto 8 daHHOI cmamee.
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