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EXTRACELLULAR VESICLES AND CIRCULATING microRNA Iv%%!

To summarize, we have shown that exosomes play an active role in the processes of cell differentiation and
fibrosis and that their application may contribute to activation of regenerative processes in vitro. Exosomes derived
from healthy muscle MSC proved to be the most effective. Our next step is to investigate the influence of exosomes
on skeletal muscle regeneration in vivo on the model of rat musculus soleus laceration.
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[MokasaHa CNOCOGHOCTb BHEKNETOYHBLIX BE3WKYN M pacTBOPMMbIX (DAKTOPOB, BbiAENeHHbIX M3 cekpetoma MCK
yernoBeka, NHrnbuposaTb AnddepeHUnpoBky pubpobnacToB B MModmnbpobnacTtbl U cnocobCcTBOBaTL peBEpCUn
3TOro npovecca.

KnioueBble cnoea: cekpetoM MCK, BHeKNeToYHble Be3UKyIbl, Gnbpos

PereHepauunsa TKaHM — KOMMMEKCHbIN MPOLECC, NpeacTaBnsioWwuii CKOOPANHMPOBAHHbIE B3aWMOAENCTBUS
pasnnyHbIX TUMOB KNETOK M MX MUKPOOKPYXeHus. Llenbio mpouecca penapaTvBHOM pereHepauvn sBnseTcs
BOCCTaHOBIMEHME YTpayeHHOW QYHKUMM TKaHu unu opraHa. OgHako, nocne O6LMPHBIX MOBPEXOAEHUA Wnn
XPOHMYECKOrO BO3AENCTBUS NOBPEXAAIOLMNX areHTOB pe3ynbTaToM penapauuy 4acTo SBRAseTcs naTtonornyeckoe
yBEnuMYeHne OonM CTPOMAanbHOrO KOMMOHEHTa, unu ¢ubpos. ®nbpo3 - aTo n3bbITOUHOE OTNOXeHue Genkos
BHeKneTo4Horo matpukca (BKM) u popmupoBaHue py6LoBoii TkaHu, 0GyCrNoBNEHHOE Ype3MepHO CUHTETUYECKO
aKTUBHOCTBLIO M runepnponudepaumen MmodpmbpobnactoB 1 UX OCHOBHbLIX NpeALecTBEHHUKOB, prbpobnacTos,
HapyLualoLee HopManbHyo YHKLMI0 opraHoB. Takum o6pa3om, AN NpefoTBpaLleHns noTepu yHKLUMOHANbLHOCTH
TKaHU WM BOCCTaAHOBMNEHNS €e HOPMarbHOW apXuTekTypbl nocne dbunbposnpoBaHus, He0OXoAUMO rccnenoBaTb
3P PeKTUBHBLIE UHCTPYMEHTBI AN NoAaBNeHns nnu pesepcun nbpoasa.

OpHUM 13 cnocoboB orpaHnyeHust Gubpo3a MOXET ABNSATLCS pemMofenvpoBaHue HenocpeacTeeHHo BKM, a
TaKKke NoAaBreHne KNioYeBbIX MyTen nepegaydn curHana, accoLmMmMpoBaHHbIX ¢ NPodUbpoTudecknmmn adpektTamu.
MoaTomy GonbLUIOK MHTEPEC NPeACTaBnsAlT Me3eHxXMMHble cTpomarbHble knetku (MCK), cnocoGHble paspyluaTb
BKM nocpenctBom cekpeLmm MHOXEeCTBA MaTPUKCHbIX METannonpoTenHas, a Takke nodasnsAte dpumbporeHes 3a
cueT AelCTBUSA NapakpUHHbLIX (PaKTOPOB 1 BHEKNETOUHbIX Be3ukyn (BB), nepeHocaLLmMX pa3nuyHbie perynsiTopHble
mukpo-PHK (MUPHK). Bonee Toro, HekoTopble MUPHK, Takve kak miR-21, miR-29, siIBNSOTCA MaKOPHbIMK B
coctaBe BB MCK 1 moryT GbITb BOBNEY€eHb! B perynsuuio onbporeHHbIX npoueccoB. [ns BbISBNEHUST KIOYEBbIX
aHTUMbpoTUYecknx MexaHnamos MCK, 6binu npoaHanvMavpoBaHbl CBOMCTBA PasfnyHbIX KOMNOHEHTOB CEKpeToMa
MCK.

Ons atoro dpakuyum, oboralleHHble pacTBopuMbiMK (akTopamu (P®) unu BB Bbigensnu us 2-gHEBHOM
koHOMUMOHUpoBaHHoi cpeapbl (KC-MCK) nmmopTanusoBaHHoi nuHum MCK yenoseka (hTERT MSC) ¢ nomoLubto
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yneTpadunbTpayun. NMogasnexHne n runepakcnpeccuto nccnegyemMoix MUPHK nonyyanu ¢ nomoLbio TpaHcdhekumm
BHEKMETOYHbIX BE3MKyNl KoMMepyeckum HaGopom Exo-FectTM Exosome Transfection u cuHTe3npoBaHHbIMA
HyknenHoBbIMK kucrnotamu (Qiagen). CnocoGHOCTL BbliaeneHHbix PO 1 BB BnuATb Ha rnGporeHHble Npoueccsl
oueHuBanu Ha in vitro mogenn TGFB-nHaoyumpoBaHHon auddepeHunpoBkn hrubpobnacToB KOXW YenoBeka B
mMuodmnbpobnactel. KomnoHeHTsl KC-MCK po6aBnsnvM ogHOBpPEMEHHO C WHAYKUMENn AnddepeHLMpoBkn nmbo
yepes 4 cyTok, korga gubpobnacTbl yxke npuobpeTanu deHoTUn, NpucyLwmii Mmodgmbpobnactam. AHTUGUOPOTH-
Yeckue cBoicTBa pakuuii KC-MCK nccnenosanu ¢ NOMOLLbI MMMYHOLMTOXUMUYECKOTO aHanusa (a-rnagkoMbil-
LUEYHBI aKTWH, BUHKYIMH), MeToga lMLIP B peanbHOM BpeMeHu (konnareH | Tuna, pubpoHeKTVH, a-rnaakoMbilLey-
HbIi @KTWH) M TecTa Ha KOHTPaKLMIO KOMNareHoBOro rernsi.

Hamu 6bino nokasaHo, Yto KC-MCK, oboraweHHast BB, nirubvposana anddepeHumpoBky dunbpobnactos
B MuomnbpobnacTtbl, kak Ha MOpGhONIOrMYecKoM, Tak U Ha yHKLMOHaNIbHOM ypoBHe. CTOUT OTMETUTb, YTO
nobasnenve BB k yxe anddepeHumpoaHHbiM Mruodunbpobnactam npnsoanno kK nx geanddpeHumnposke. Ons
TOro, YTobbl YTOYHUTL POMb MaxopHbiX MUPHK, perynupytowmx dubpos, nposBeaeHo nogaBneHne SKCnpeccum
MUPHK-21 n MUPHK-29, a Takke cmogenupoBaHa nx runepakcnpeccus B coctase BB. Tak, nogasneHve akcnpeccum
MUPHK-21 B coctaBe BB npuBoanno k yMeHbLUEHWIO 0NN KNEeTOK ¢ hbeHoTunom MmocdunbpobnactoB B KynbType,
B TO Bpems Kak nogaeneHune akcrnpeccum MnPHK-29 yBennumeano ato yucno. B 1o xe Bpems, runepakcnpeccus
uccnegyembix MMPHK He BHocuna 3Hauvmoro Bknaga B crnocobHocTb BB uHrmbuposaTb AvddepeHUmMpoBKy
GunbpobnactoB B MMomnbpobnacTbl. Takke Hamu Obino 0OHapyXXeHo, YTo dpakuyus, oborawleHHasa Pd, nmena
CXOfAHbIN 3dhhekT, Nofasnasa kak auddepeHumMpoBky dprbpobnacTos, Tak U CTUMynupysa geamddepeHUmpoBKy
MnocpnbpobnacToBs, 0AHAKO OTNMYAIOLMIACA MEHbLLEN CTabUNbHOCTbLIO MNPV BOCMPOM3BEAEHWUMN SKCMEPUMEHTOB.

OcHOBBIBasACb Ha MONYYEHHbIX AaHHbIX, MOXHO caenaTb BbiBOA, 4To KoMnoHeHTbl KC-MCK, kak BB, Tak n P®
nogaensaoT AuddepeHumpoBky ubpobnactos B Mnodpnbpobnactbl 1 cnocobCTBYIOT peBepCMm 3TOro npoLiecca.
Mo-Bugnmomy, BnusiHMe komnoHeHToB MCK Ha ¢ubpo3 B 3HauMTenbHOW CTeneHn MoxeT ObiTb onocpefoBaHo
GanaHcom Mexay NpombporeHHbIMY U aHTUdnbporeHHsIMu MUPHK B cocTaBe cekpeTupyembix knetkamu BB.

MccnepoBaHue NpoBoAmMioch ¢ UCNONb30BaHMEM 6romaTtepranoB U3 HaunoHanbHOro 6aHka-aenosmTapus
XMBBIX CUCTEM U Mpyu Noanepxke POOU (#18-015-00525).
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The ability of extracellular vesicles and soluble factors isolated from human MSC secretome to inhibit fibroblast to
myofibroblast differentiation and promote reversal of this process has been shown.

Key words: MSC secretome, extracellular vesicles, fibrosis

Tissue regeneration is a complex process representing coordinated interactions of various cell types and their
microenvironment. The purpose of the reparative regeneration process is restoration of the normal function of a
tissue or organ. However, after extensive damage or chronic exposure to damaging agents, the common result of
repair is a pathological increase in the proportion of the stromal component, or fibrosis. Fibrosis is the excessive
deposition of extracellular matrix proteins (ECM) and the formation of scar tissue, due to excessive synthetic activity
and hyperproliferation of myofibroblasts and their main precursors, fibroblasts, disrupting the normal function of
organs. Thus, in order to prevent the loss of tissue functionality or the restoration of its normal architecture after
fibrosis, it is necessary to explore effective tools for suppressing or reversing fibrosis.

One of the ways to limit fibrosis may be direct remodeling of ECM, as well as the suppression of key signal of
transduction pathways associated with profibrotic effects. Therefore, mesenchymal stromal cells (MSCs), which
are capable of degrading ECM by secreting many matrix metalloproteinases, as well as inhibiting fibrogenesis due
to the action of paracrine factors and extracellular vesicles (EV), carrying various regulatory micro-RNA (miRNA),
are of great interest. Moreover, some miRNAs, such as miR-21, miR-29, are major within the EV-MSC and may
be involved in the regulation of fibrogenic processes. To identify the key antifibrotic mechanisms of MSCs, the
properties of various components of the MSC secretome were analyzed.

So the fractions enriched with soluble factors (SF) or EV were isolated from a 2-day conditioned medium (CM-
MSC) of an immortalized human MSC line (RTERT MSC) using ultrafiltration. Suppression and overexpression of
the studied miRNAs was obtained by transfecting EV with the commercial Exo-Fect™ Exosome Transfection kit
and synthesized nucleic acids (Qiagen). The ability of isolated SF and EV to influence fibrogenic processes was
evaluated on in vitro model of TGFB-induced fibroblast to myofibroblast differentiation. The components of the
CM-MSC were added simultaneously with the induction of differentiation or after 4 days, when the fibroblasts
had already acquired the myofibroblasts’ phenotype. The antifibrotic properties of the CM-MSC fractions were
investigated using immunocytochemical analysis (a-smooth muscle actin, vinculin), real-time PCR (type | collagen,
fibronectin, a-smooth muscle actin) and a collagen gel contraction test.

We have shown that CM-MSC enriched with EV inhibited fibroblast to myofibroblast differentiation, both at the
morphological and functional levels. It should be noted that the addition of EV to differentiated myofibroblasts led to
their dedifferentiation. In order to specify the role of major miRNAs that regulate fibrosis, miRNA-21 and miRNA-29
expression were suppressed, and their overexpression was modeled within EV. Thus, the suppression of the miRNA-
2Texpression in the EV led to a decrease in the proportion of cells with the myofibroblast phenotype in culture, while
the suppression of the miRNA-29 expression increased this number. At the same time, overexpression of the studied
miRNAs did not significantly influence the ability of the EV to inhibit fibroblast to myofibroblast differentiation. We
also found that the fraction enriched with SF had a similar effect, suppressing both the fibroblast differentiation and
stimulating the dedifferentiation of myofibroblasts, but being less stable when reproducing experiments.

Based on these data, we can conclude that the components of the CM-MSC, both EV and SF, suppress
fibroblast to myofibroblast differentiation and promote the reversion of this process. Apparently, the effect of MSC
components on fibrosis can be largely mediated by the balance between profibrogenic and antifibrogenic miRNAs
in the composition of secreted EV.

The study was funded by RFBR grant #18-015-00525 and conducted using biomaterial collected witnin National
depositary bank of living systems
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