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[euemtonsspu3oBaHHbIE BHEKJIETOYHBIE MATPUKCHI SIBJISIIOTCSI IEPCTIEKTUBHBIM MaTepUaIoM 151 OMOMHKEHEPUU
M pereHepaTMBHONM MeIULIMHEL. B rociieqHee BpeMsi Bo3pacTaeT MHTEepeC K UCIOIb30BAHUIO BHEKJIETOYHOTO MaT-
pukca KynpTuBupyeMbIx KireTok (BKM-KK). B npencraBieHHOM HEOO0IbIIOM 0030pe OLIEHMBAIOTCS IIPEUMYIIIE -
CTBa M HEJOCTATKM TAKOTO ITOAX0/1a, ONKUChIBAaeTCs MHOrooopasue criocobos monudukauuu BKM-KK, paccmar-
puBaiotcs cepbl BoamoxkHoro mpuMeHeHnss BKM-KK: B kagecTBe cyOcTpaTta 111 KyJIbTUBUPOBAHUSI, KAK OCHO-
BBl JUISI CO3MaHUSI OMOCOBMECTUMBIX cKaddoaaoB, Kak Ipernapara sl HEIOCPEACTBEHHOTO MPUMEHEHUS B
0eCKJIETOUHOM Teparny U KaK MOJIeJIN JJIsI UCCieqoBaHus 3a00JIeBaHU.

Karoueswie crosa: nenenmoisipu30BaHHbIN MaTPUKC, OECKIETOYHBIN MaTPUKC, OECKIeTOYHAs Teparusl, TKaHeBast

WHXEHepUsl, pereHepaTUBHasI MeIULIHA
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MHOroK/JIeTOYHbII OPraHU3M CYIIECTBYET KaK €IMHOe
nesoe 6yarogapsi BHEKJIETOUHOMY MaTtpukcy. BKM — ato
MHOTOKOMITOHEHTHasl CUCTeMa, KOTopasi, B OOIIUX Yep-
TaX, COCTOUT U3 TPEXMEPHOI CeTU OEKOBBIX BOJOKOH,
MOTPYKEHHBIX B IPOTEOITIMKAHOBBIN resib. [ToMmuMo um-
CTO CTPYKTYpHBIX KOMITOHeHTOB, BKM conepxut 6e-
KM-PETYJSITOPbl KJIETOYHON aKTMBHOCTU (“MaTpuiien-
JIIOJISIpHBIE” O€JIKM), a TaKXKe NeMOHUPOBAHHbIE POCTO-
Bble (DAKTOpBI M APYIME CUTHAJIbHblE MoOJeKyabl. C
dyHKIMOHanbHOU Touku 3peHuss BKM — He mpocrto
“LIEMEHT”, CKPEeIUISIOIINN KJIeTKM BOEIWHO, 3TO CyO-
CTpart IS aiTe3uM U TepeIBUKEHUS KJIIETOK, 3TO cpena,
dopmupylolas Haajiexalliee MUKPOOKPYXXKeHUe, a TaK-
K€ pe3epByap NUTATENbHBIX BEIIECTB U UICTOYHUK OMO-
JIOTUYECKMX CUTHAJIOB, KOHTPOJMPYIOIINX XXU3HEAEs -
TeJIbHOCTb KJIETKM BO BCEX €€ MPOSIBJICHUSIX — OT MPOJIn-
depanyuu u anddepeHINPOBKHU 10 THOETIN; KPOME TOTO,
BKM omnpenenser ¢popMy OpraHOB M MEXaHUYECKUE Xa-
PaKTEpUCTUKHU TKaHEM, UrpaeT KJIoUeBylO pojib B IIPO-
1Ileccax pasBUTUSI U pereHepalluy, MOAIepKUBaeT TKa-
HEBbBIA TOMEOCTA3.

B cBeTe coBpeMeHHBIX MPENCTaBIeHUN 0 (PYHKLIUSIX
BKM cranoBurcg oueBUIHBIM, uTo BKM — Hauboiee
€CTEeCTBEHHBbII CcyOCTpaT IJisl CylLIeCTBOBaHUS U (hyHK-
LIMOHUPOBaHUS KJIETOK. YHMKajbHas OuoJjiornueckas

Ilpunamete coxpawenus: BKM — BHEKJIETOUHBIN MaTpUKC;
BKM-KK — BKM kynsruBupyembix Kietok; UIIC — ungymupo-
BaHHbBIE TUTIOPUIIOTEHTHBIE CTBOJIOBbIe KieTku; MCK — me3eH-
XHMHBI€ CTBOJIOBbIE (CTpomajibHble) KiaeTku) DCK — amOpuo-
HaJIbHbI€ CTBOJIOBBIE KJIETKU.
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aKTUBHOCTb U BbICOUaiiliasi 6umocoBMecTumMocTh BKM
JIeJIalOT ero KpaiiHe IIpUBJIEKATEIbHBIM MaTEpUaIOM
IIJISI pereHepaTUBHOM MEIULIMHBI U TKAHEeBOI MHXXEHe-
pum: nHTeHcUBHOE TTpuMeHeHne BKM B omoumxkeHep-
HBIX pa3pabdoTKax (co3IaHue UCKYCCTBEHHBIX OPraHOB U
TKaHEM, COCYAMCTBIX M IPYIMX TIPOTE30B) SIBJIAECTCS
TPEHIOM B UCCJIETIOBAHUSIX MOCIEIHUX IeCITU—ABaAlIa-
1 JIeT. BKM Takske ycneurHo MCIOoJb3yeTcsl B KIMHU-
YecKoii IIpakTuke. B HacTosIiee BpeMsi U3BBECTHO OoJiee
80 3aperucTpupoBaHHBIX ITpernapaToB Ha ocHoBe BKM,
KOTOpHIE YITOTPEOJISIIOTCS B OPTONEAN, CTOMATOJIOT UM,
a TakKe B PEeKOHCTPYKTUBHOI U CepIedHO-COCYIUCTOMN
xupyprun (Parmaksiz et al., 2016). K npumepy, cBoio
s(pdexkTrBHOCTL noKazan npenapar AlloDerm® (6ec-
KJIETOYHBIII MAaTPUKC, BbIIEISIEMbIN 13 KOXKM YEJIOBEKA),
HMCIOJIBb30BaHHEIN yKe 0oJiee MUIJIMOHA pa3 IS Jieue-
HUS OXOIOB, paH, PeleCCUii IeCHbI, B MAMMOILIACTUKE
u 1.1. (Konofaos et al., 2017). IIpumenenne BKM or-
KPBbIBAa€T HOBBIC BO3MOXHOCTH B MEIUIIMHE: BIOXHOB-
JISTIOIIAM TPUMEPOM SIBJISIETCSI pereHepalvsl MBI 1
BOCCTAHOBJIEHIE CIIOCOOHOCTHU K XOAb0€ IT0Ce Teparnuu
¢ ucnonb3zoBanueM BKM MoueBoro my3bIpsi CBUHBU Y
ManMEeHTOB CO 3HAYUTEIbHON MOTepeii MBIIIIEYHON! TKa-
HU (volumetric muscle 1oss), KOTOPBIM M3HAYAJIBHO pe-
KoMeHIoBajiach aMmItytauus (Sicari et al., 2014).

TpanuuroHHBIM HCTOYHUKOM BKM sBasgroTcsa ne-
LEJUTIOJIIPU30BaHHbIE OPTaHbl U TKAHU, T.€. TIOABEPrHY-
Thl€ yIAJCHUIO KJIETOUHBIX KOMIIOHEHTOB C IOMOIIbIO
Pa3IUMYHBIX PU3NUECKUX U XUMUYECKIX METOIO0B. B 1mo-
CJITHUE TOOBI MCCIIeIOBATEIN BCe Yallle 00pamarTcs K
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aJIbTEpHATMBHOMY TIOAXOMAY, B paMKaX KOTOPOTO UCTOY-
HUKoM BKM sBASI0TCS KyJIbTUBUPYEMbIE KIETKU.

B npencraBieHHOM HEOOJBLIIOM 0030pe COBpEeMEH-
HOI1 JIUTEpaTyphbl Mbl PACCMOTPUM IIPEUMYIIIECTBA U HE-
JIOCTAaTKU TAKOTO ITOAX0AA, a TAKXKE OLIEHUM ITePCIIEKTH-
BBl ucnonb3oBanuss BKM-KK.

NMPEMMYIIECTBA 1 HEJOCTATKHM BKM-KK

BKM-KK o06agaoT cienyroluuMy NpeuMyliecTBa-
mu. Bo-niepBbix, BKM-KK MOryT ciy>XuTh aabmepHa-
mMUueoll KCeHo- U AAN102eHHOMY Mamepuary. 3aperucTpu-
poBaHHBbIE TIpenapaThbl 6eckiieTouHbix BKM BolIensII0T-
Cc M3 TKaHel KUBOTHBIX M 4eJoBeKa, W, XOTSI
komnoHeHThl BKM cumuTaioTcd HEMMMYHOT€HHBIMU B
CUJTy CBOEH 3BOJIIOIIMOHHOI KOoHcepBaTuBHOCTU (Cheng
et al., 2014), 6bUT0 MOKa3aHO, YTO KCEHO- M aJUIOTPAHC-
miaHTatel BKM MoryT BBI3BIBaTh MMMYHHBIN OTBET U
ortopxeHue (Methe, 2020; Massaro et al., 2021). BDTux
TPYAHOCTEH, a TAKXKE TTPOOJIEM, CBSI3aHHBIX C pAOOTOM C
KaJaBepHBIM MaTEepHUaAIOM (3TUUYECKUX, TOTUCTUYECKUX,
PUCKOB Ilepenayyd OoJjie3Heit U Ip.) MOXHO n30eXkaTb
npu ucroab3oBaHUM BKM, Moay4eHHOTO C MTOMOIIbIO
KYJIBTUBUPOBAHS KJIETOK pELMITMEeHTa. AHAJTOTUYHBIM
obpazom maTepuasibl Ha ocHoBe BKM-KK mMoryT nipen-
CTaBJISATh COOOI arbmepHamusy aymompancniaHmaman.
XoTs ayTOTpaHCIUIAHTAThI CYUTAIOTCS “30J0THIM CTaH-
JapToM”, HalpuUMep, MPU 3aMeIleHUU KOCTHBIX 1edheK-
TOB, UX UCIOJIb30BaHME COIPSIKEHO C PSIIOM 3aTpyaHE-
HUIi: C OrpaHUYEHHBIM 00BEMOM JTOHOPCKOTO MaTepua-
Jia, OCJIOXKHEHUSIMU B MECTE B3SITUSI, TIPEABAPUTEIbHOM
3aIaHHOCTBIO pa3MepoB U (hOPMBI ayTOTpaHCIJIaHTAaTa.
DT TIPOOJIIEMBI MOTYT OBITH ITPEOIOJICHBI, €CIU UCITOTb-
30BaTh KaK OCHOBY JJIsl CO3JAaHUsSI COOTBETCTBYIOLIMX
TpaHcmiaaHTatoB BKM, nosy4eHHBbIN in vifro ¢ moMo-
M0 ME3EHXMMHBIX CTBOJIOBBIX (CTPOMAJILHBIX KJIETOK)
(MCK) unm octeoreHHbIX KJieTok natimeHTa (Cheng et al.,
2014).

Bo-BTOphIX, C TTOMONIBIO KYJbTUBUPYEMbBIX KJIETOK
MOXHO TtonydaTh Takue BKM, KoTopsle croxcHo uau He-
803MOJNCHO 8bldeaums u3 mrkaweii. K npumepy, miIoOTHbIN
MaTpPUKC XPSIIEBOU TKaHW MMEET TUIOXYIO MpPOHMIIae-
MOCTb JIJISI AELIeJUTIONSIPU3YIOIINX areHTOB, YEro HeJb3sl
cKaszaTh O KJIeTKax B KyabType (Zhu et al., 2021); kpome
TOTO, €1Ba JIM BO3MOXHO BBIWICHUTh U3 TKAHWU HUIILY
CTBOJIOBBIX KJIETOK, OMHAKO XapaKTepHOe IJsi HUIIU
MUKPOOKPYKEHUE MOXHO BOCIIPOU3BECTU C MOMOIIBIO
BKM MCK (Assungdo et al., 2020). CpaBHuUTenbHas
npocroTa neuemmosapuzaunn BKM-KK takxke maer
BO3MOXHOCTb MCITOJIb30BaTh 00JIe€ MITKHUE METO/IbI BbI-
nenenust BKM — HanmpumMmep, 6€3 UCoIb30BaHUS € TEP-
T€HTOB, YTO rapaHTtupyet orcyrctBue B BKM ocratou-
HBIX KOJIMYECTB BEIIECTB, KOTOPbIE MOTYT MPUBOAUTH K
HeXenaTelbHbIM 3(hheKTaM, a TakKKe TTO3BOJISIET coXpa-
HUTH coctaB BKM kak MmoxHO 60j1ee mHTaKTHBIM (Nel-
linger et al., 2022).

B-tpetbuix, BKM-KK o06agaeT 3HaUUTENbHBIM HO-
menyuanrom Kacmomuzayuu. Ecim BKM opraHoB mim

TKaHEeil MMeeT IeTePMUHUPOBAHHBIE COCTaB U CTPYKTY-
Py, TO C TOMOIIbIO KYTbTUBUPYEMBIX KJIETOK MOXHO MO~
aydyatb BKM c XejaeMbIMU CBOMCTBAMU IJIsI pEeIIeHUS
onpeneneHHbIX 3amad (puc. 1). I1pu 3ToM MOXET OBITh
HCITOJIb30BAaHO BCE MHOroo0Opasue KJIETOYHBIX JTMHUMN
(kaxk 1 mojtydeHus TkaHecnenuduaaeix BKM, tak u
st BeineaeHuss BKM CTBOJIOBBIX KJIETOK), a TaKXKe MX
reHeTu4ecKasi MoauduKalus, HalmpuMep, 111 OBEpPIKC-
npeccun KoMmmnoHeHToB BKM mnu MaTpukc-accoluu-
pOBaHHBIX 0eKoB. Tak, ObII co3maH cKaddomm Ha oc-
HOBeE IMOJIMJIAKTUIA U IELEJUTIONSIPU30BAHHOTO MaTPUK-
ca KJIETOK KapITHOMBI MOYEBOTO My3bIps (TuHUs 5637),
TpaHCPUIIMPOBAHHBIX BEKTOPOM, HECYIIIMM IreH (puopo-
HEKTHUHA; OBLJIO TI0OKAa3aHOo, YTO ITOJyUYeHHBI ckad o
noaaepXuBaeT GYHKIIMOHAIbHYIO aKTUBHOCTh IrenaTo-
muroB HepG2 1 mosTomMy IIOTEHLIMAIbHO MOXET OBITh
MpUMEHEH B TKaHeBoi uHxkeHepuu TiedeHu (Grant et al.,
2018). UmMmopTramm3anusgs MCK mianeHTh ¢ IIOMOIIBIO
TPaHCOYKIIUM TeHa 00paTHOM TpaHCKPUIITa3hbl TEJIOME-
pa3sl (WTERT) mo3Bonuia moayduTh OMOJIOTUYECKH aK-
TuBHBIM BKM M3 KjIeTOK, NpollIeamnx yepe3 00JIbIIoe
KoJmmyecTBo maccaxkeit (Kusuma et al., 2017). B koHTek-
CT€ pa3HOOOpa3usl TUMNOB KYJIbTUBUPYEMBIX KJIETOK-
npoayueHToB BKM mHTepec TakxKe MpeacTaBAsSIOT UH-
IYLIMPOBAaHHbIE IUIIOPUIIOTCHTHBIE CTBOJIOBBIE KJIETKU
(UTIIC); 6puto mokazaHo, 4yTo mojydeHHble u3z UIIC
Gubpo6IaACTHI AEMOHCTPUPYIOT ITOBBIIIEHHYIO IIPOAYK-
oo 6ea1koB BKM mo cpaBHeHMIO ¢ MCXOOHBIMU Aep-
MaJlbHBIMU (hrOpoOIacTaMu 10 peIporpaMMUpPOBaHUS
(Shamis et al., 2012).

Hns monyyenuss BKM-KK Takke Moxer mpume-
HATbCS U TpeXMEpPHOE KyJbTUBHMpOBaHUe. M3BecTHO,
yro MCK mocie arperaiiny B chbepourIbl IEMOHCTPUPY-
IOT TTIOBBIIIEHHYIO 3KCITPECCHUIO U CEKPELIMIO MapaKpUH-
HbIX (PaKTOPOB; KyJIbTUBUPOBaHUE C(HEPOUIOB B MPU-
CYTCTBUU MaKpOMOJIEKYJISIPHBIX KpaylepoB, YCKOPSIIO-
mux nenoHupoBaHne BKM wu  cnocoOGCcTByOmmx
aKKyMYJISIUU CEKPETUPYEMBIX (haKTOPOB, U MOCEIyI0-
1as AelesUioaspu3anusl Mo3BOJWIN TOJYyUYUTh TPeEX-
MepHBbIi ckaddoia, cmocoOCTBYIONIUA anre3u U mpo-
Jmdepalnn KJIeToK, a Takke aHruoreHesy in vivo (Chi-
ang et al., 2021).

Kpome TOro, ormerum TmoTeHUHUAT TEXHUKU KO-
KYJIbTUBUPOBAHUS: C MOMOIIBIO CMEIIAHHOM KYJIbTYpbI
¢ubpob6aacToB 1 ocTeobdacToB ObLI IToIydeH BKM, Ko-
TOPbIil MPEBOCXOIUT MATPUKChI KaXI0# U3 KJIETOYHBIX
JIMHUM B OTAEIBHOCTU IO CITIOCOOHOCTU CTUMYJIUPOBATh
OCTEeOTeHHYI0 TUdDEPEHIIUPOBKY in Vitro N MOAIEPXKU-
BaTh pereHepaiinio koctu in vivo (Li et al., 2020). Kom-
no3unuio BKM-KK Takxke MOXHO 3a1aBaTh, BApbUpys
ycioBMsl KylabTuBUpoBaHUs (MarBeeBa, AHIpeeBa,
2020); HampuMep, MCIIOJb30BaHME XOHIPOWHIYKTHB-
HOIi cpenbl npu KyabTuBupoBaHun MCK mo3Boaunio
BblIeIUTh BKM, BoCTIpOM3BOISIIINIT MUKPOOKPYKEHHUE
Ha paHHEM 3Talle XOHApOoreHes3a, u noiaydeHHbii BKM
ObLT UCMOJIL30BaH UISI CO3MaHUs TUIPOTESIsl, CTUMYJIH -
pYIOILLIETO XOHAPOTreHe3 U (popMUpOBaHUE THATMHOBOTO
xpsia in vivo (Antich et al., 2021). Kpome Toro, B BKM-
KK MOXHO BBOIMTH TOTOJHUTEIbHBIE (PYHKIIMOHATb-
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Puc. 1. IToreHuman KacToMu3aluy BHeKJIeTouyHoro matpukca (BKM) kymbTuBupyeMbix KjieTok. Co3maHo ¢ rmomolsio BioRen-

der.com

HbI€ TPYMIIbI IPSIMO B TIpoliecce KyJIbTUBUPOBAHUS: TaK,
C TIOMOIIIbIO T0OaBJIEHUS B POCTOBYIO Cpey MOIUMDUIIN-
POBaHHOIO MOHOcaxapuaa yaajaoch TojiyduTs BKM,
coliepxKalluii a3uIHbIE TPYIINbI; UCIIOJIb3YsI BBLICOKOCIIE-
HUPUIHYI0O OMOOPTOrOHABHYIO KIWK-pPEaKIUIO a3ujl-
AIKWUHOBOTO IIMKJIONPUCOeNHEeHUsI, TakoMy BKM
MOXHO JIETKO TIPUIATh XeJaeMble CBOMCTBA MyTEM KO-
BaJICHTHOTO BBEAECHWSI CUTHAJBHBIX MENTUIOB, POCTO-
BbIX (DAaKTOPOB, aHTUOMOTUKOB WU APYTUX MOJEKYN
(Ruff et al., 2017). Eme oguH noaxon K KaCTOMU3alIUKA
BKM-KK — xynbTUBHpOBaHUE KIJIETOK-ITPOIYILIEHTOB
BKM Ha momioxkax ¢ IIpeazagaHHOI Tororpadueii;
Hampumep, ObUIO TTOKa3aHO, YTO MOJYYEHHBIH TaKuM
o0pa3oM HaHomaTTepHUpoBaHHbI BKM MoxxeT usme-
HATH TPO(UIIb SKCIIPECCUN T€HOB TOCESTHHBIX Ha HEeTO
KJIETOK Y, B TOM Uuclie, MPUBOAUTH K anperyasiliuu re-
HOB, CBsI3aHHBIX ¢ XoHAporeHe3oM (Ozguldez et al.,
2018).

Terrepp mepeunciuMm HemoctaTkm BKM-KK. Bo-
MEePBHIX, II0 CPAaBHEHUIO C OpraHaMM M TKaHSIMMH, IIPpU
JIELCIUTIONISIPU3AIINY KYJIbTUBUPYEMbBIX KJIETOK ITOJIyda-
eTCs1 HeOOIbIIIoe KOIUMIECTBO MaTepuraa, IIo3TOMY Ha-
paborka BKM-KK niag OmomMenuIIMHCKOTO TIpUMeEHe-
HUS Hyscdaemcs 6 macuimadbuposanuu. MaciirabHoe
KyJbTUBHPOBAHME BJICUET 32 COOOM psi TPYTHOCTEM, Ta-
KX KakK ITIOTpeOHOCTh B COOTBETCTBYIOLIEH WHOpa-
CTPYKType (aBTOMaTH3UMpPOBAaHHOE OOOpYyIOBaHUE IS
KyJbTUBHUPOBAHUS, OMOOAHKM), HEOOXOOUMOCTh CTaH-

OUTOJIOIHUA TomM 65 Nel 2023

JapTU3aly MPOTOKOJIOB KYJIbTUBUPOBAHUSI, KYJIBLTY-
PaJbHBIX Cpell U POCTOBBIX J00ABOK, a TAKKe CaMUX KJIe-
TOYHBIX JUHUK-TIpoayueHToB BKM; pasymeercsi, Haa-
Jiexkallee oCHallleHUue U COOCTBEHHO KYJIbTUBUPOBaHUE
TPeOYIOT U CYILIeCTBEHHbIX (DMHAHCOBBIX 3aTpar. Tem He
MeHee, pa3paboTka ONTUMU3UPOBAHHOM TEXHOJOTUU
MaciiTabupoBaHUs TEOPETUYECKU MO3BOJIMIIA Obl Hapa-
OateiBaTh BKM XenaeMoil KOMOO3UIIMKA B HEOTPaHU-
yeHHbIX KoimyecTBax (Chan et al., 2021). 3ameTuMm Takxke,
YTO BJIMTEPATypPE OMMCAHbI TTOIXOAbI K CTUMYJISILIMUI AETIO-
HupoBaHusl BKM-KK — cpeny HUX KyJbTUBUPOBaHUE B
ycnoBusix ruriokenu (Gilkes et al., 2013; Du et al., 2017),
HMCIOJIb30BaHUEe KpayauHr-areHToB (Marinkovic et al.,
2021) 1 *THTUOUTOPOB MATPUKCHBIX METAJUIOIIPOTENHA3
(Han et al., 2016).

Bo-Broprix, BKM-KK ycmynarom BKM namuenwsix
mKaHelli no ceoum QUIUKO-MEXAHUUECKUM XapaKmepu-
cmuxam. Cpeay BO3MOXHBIX CIIOCOOOB MpPEOdONCHUS
BTOTO HEIOCTATKA MOKHO YIIOMSIHYTh BBEJIEHUE CIIIMBOK
B ctpyktypy BKM-KK (Nyambat et al., 2020), a Takke
co3aHre KOMITO3UTHBIX MaTepHUaJIOB, B KOTOPBIX HEO0-
XOIUMBIE Je(hOPMALIMOHHO-TIPOYHOCTHBIE MapaMeTPhbl
BOCHPOU3BOISATCS CHUHTETUYSCKUMU TOJMMEpaMu, a
crienquuuecKk OMOJOTMYECKHE CBOMCTBA 3aIaloTCs
BKM kynbTUBHpPYEeMBIX KJIETOK. Tak, MOJIMKarposak-
TOHOBBIN ckaddoan ob1 Mmogudunmposadn BKM ko-
KyasTuBUpyeMblx MCK 1 3HIO0Ten1sI MyTIOYHOM BEHHI;
TTOJIYYUBIIUIACS KOMITO3UT HE MOTEPSJI CBOMX MEXaHM-
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Cy6ceTpar I1sT KyJTbTUBUPOBAHUS

/e

TepaneBTuuyecKuii areHT per se
TSI GECKIIETOYHOU Tepanun

Marepuan nis co3maHus ckaddonmos

Mozenb It u3ydeHus 3a00JIeBaHUIA

Puc. 2. Cdheps BozmoxxkHoro nmpumeHeHUst BKM kynbTuBupyeMsix kiaetok. Co3maHo ¢ moMoibio BioRender.com.

YECKHX CBOMCTB U ObLI CITOCOOEH IMOAAECPKUBATDH IIPO-
audepalnio 1 ocTeoreHHyo nuddepeHInpoOBKY 3ace-
SIHHBIX B Hero kJeTok (Carvalho et al., 2019).

INOTEHLIMAJI UCITOJIb3OBAHM A BKM-KK

JlamuM XapaKTepUCTUKY OCHOBHBIM HAMpaBICHUSIM
onomenuumHckoro npuiaoxeHnus BKM-KK.

CyOcTpar mia KyJIbTHBHpPOBaHHA. OYEeBUIHO, UYTO
CTaHAApTHOE KYJIbTUBUPOBAHME HA IUIACTUKE HE SIBJISI-
eTCsl B ITOJTHOU Mepe (PU3MOJIOTUYECKU pEIeBAHTHBIM.
BKM in vivo oka3bIBaeT CYIIECTBEHHOE BJIMSHHE Ha
KJIETOYHYIO (PM3HOJIOTHIO, TTOCKOJIBKY OH MMEET OITH-
MAaJTbHYIO XKE€CTKOCTb, OTpPENEIIsIeT TTOSIPHOCTh U MOp(do-
JIOTUYECKE OCOOEHHOCTU KJIETOK, (pOpMUpPYET crielu-
YecKoe MUKPOOKpy:KeHUe. JIMIeHHbIe eCTeCTBEHHBIX
YCJIOBUIA, KJIETKHU B KYJIbType JEMOHCTPUPYIOT XPOMOCOM-
HYIO HECTaOWILHOCTD, YTPauuBaloT auddepeHIINPOBOY-
HBII TIOTEHLIMAJI M IIPETEepIeBAIOT MPEXIEBPEMEHHOE
cTapeHue. DTU NpoObJieMbl aKTyaJbHbI, TIPEXIE BCETO,
npyu HapabOTKe OOJILIIOTO KOJMYECTBA KJIETOK IJIST TE-
pareBTUYECKOro IIPUMEHEHMsI, KOra KJIETKU B TCUEHUE
JUTUTEJILHOTO BpEMEHU IMMPOBOISITCS Yepe3 CEPUIO Tacca-
xeil. Ilo cpaBHeHuio ¢ miaactukoM, BKM-KK mpen-
cTaBIIsieTcsT Oosiee (PU3MOJOTUYHBIM CyOCTpaTOM IIJIST
KyJIbTUBUpPOBaHUs. B psime padboT ObLTO MOKa3aHO, YTO
KyabTuBUpoBaHrue Ha BKM-KK ctumynupyetr npoau-
depauuo n murpauuio (Lin et al., 2012) 1 BeI3bIBaeT
anpery/asiuuio cooTBeTcTBylolnx reHoB (Ragelle et al.,
2017), monmepskuBaeT cTtBoioBOCTh (Lai et al., 2010), cro-
cobcTByeT T EPEeHIINPOBKE B Pa3TMUHBIX HAIIPABJICHU -

s1x (Rao Pattabhi et al., 2014; Novoseletskaya et al., 2020) n
IIPUBOOUT K OMOJIOXKEHUIO KYJBTUBUPYEMBIX KIJIETOK
(Choiet al., 2011; Joergensen, Rattan, 2014; Yu et al., 2019).
Kpome Ttoro, BKM-KK MoxeT mpmMeHSITbCI KaK Cy0-
cTpaT s oechunepHoro KyiaptuBupoBaHus UIIC u
BOCK. CobCTBEHHO roBOpSsi, IMPOKO UCIIOJIb3yeMblil B
3TUX LEJISIX KOMMepUecKuit cyocTpat Marpureib IIpe-
craBiisieT coboit BKM MBIIIMHOI CapKOMBI; BMECTE C
TeM ObUIO II0Ka3aHO, YTO B KayecTBe cyOcTpaTa st
WIIC MOTyT UCIIONB30BaThCs AELEUTIONSIPU30BAaHHbIE
MaTPUKCHI U JPYTUX KJIETOYHBIX KYJIbTYP, TAKUX KaK JIU-
HUS YeJIoBeYecKoi xopuocapkoMbl 1 MCK myJibITbl 3y-
6a (Vuoristo et al., 2013; Chen et al., 2015).

Hcnonb3oBanue B TKAHEBOW MHXKEHEPUW W pereHepa-
TUBHOW MemuumHe. B psine uccienoBaHuii mokazaHo, YTO
BKM-KK siBisteTcs mepcneKTUBHBIM MaTepUaaioM IS
nHxeHepun Kocreit (Cheng et al., 2014; Li et al., 2020;
Junka, Yu, 2020; He et al., 2021), xpstiueit (Dikina et al.,
2017; Tang et al., 2019; Zhu et al., 2021; Antich et al.,
2021) u ckenetHbIX MbIIL (Zhang et al., 2020), mpudem
B KauecTBe McTouHUKa BKM mj1s 3TUX HYXI 3a4acTyIO
ucnonbsytorcsi MCK. BKM ¢ubpobiactoB ObUT Mpu-
MEHEH U151 CO3IaHUs KOMITO3UTHBIX TKAHEMHKEHEPHBIX
TpaHcIuiantaToB cocynos (L Heureux et al., 2006), cep-
neuyHbIx kiaanaHoB (Weber et al., 2013) u ckaddonna ajis
nocTuH(papKTHOM KietouHoit tepamuu (Kim et al.,
2019). M3yyaeTcst BO3MOXHOCTh yrnoTpeoieHuss BKM-
KK B pereHepatuBHoit aHaonoHTUMU (Aksel et al., 2022).

BKM-KK MoxeT MCIOAb30BaTbCS HE TOJIBKO KakK
ocHOBa Wis1 ckKad@oimoB, CayxXallux IJIsl HOCTaBKU
KYJbTUBUPYEMBIX KJIETOK B OpraHW3M ITallMeHTa, HO U
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KaK TepaleBTUYECKOE CPEICTBO per se, CTUMYJIMpPYIOIee
perapaTUBHBIC TPOLIECCHI 32 CUET aKTUBAIIUU DHIOTCH-
HBIX KJIeTOK. [IpoTeoOMHBIiT aHaIU3 MaTPUKCOB KJIETOY-
HBIX KYJIBTYP II0Ka3aJI, YTO OHU COAepKaT OEJIKM, BOBJIE-
YEeHHBbIE B PETYJISLIMI0O UMMYHHBIX MPOLECCOB, IPOJIU-
depaunn, nnddepeHINPOBKN, MUTPALIMK, aAre3uu U
anrnoreHe3a (Ragelle et al., 2017; Liet al., 2020), u Tepa-
neBTUYeCKU 3P @eKT anmIuUupoBaHHOTO K IIOBpe-
xaeHHoli TkaHu BKM, 1o Bceii BUTUMOCTU, CBsI3aH C
ero Jerpagalueil B MECTe IIOBPEKISHMS 1 BELICBOOOXK]IE -
HUEM ero omoakTUBHBIX KoMoHEeHTOB (Lee et al., 2019).
B stom konrtekcte, mpumeHeHne BKM-KK wMoxHO
CUMTaTh Pa3sHOBUIOHOCTHIO OECKJIETOYHON Tepamuu
(cell-free therapy). Tak, ObLIO IIPOJEMOHCTPUPOBAHO,
gyro BKM acTponuToB M HelipadbHBIX CTBOJIOBBIX KJle-
TOK MOXET CTHUMYJIMpPOBATh pereHepanuio CIIMHHOTO
MO3ra U IPensTCTBOBATh BOCIIAJIEHUIO ITPU €T0 TpaBMax
(Thompson et al., 2018; Chen et al., 2022); BKM Kyib-
TUBUPYEMBIX IIBAHHOBCKUX KJIETOK OBLT IIPUMEHEH IJIsI
BOCCTAaHOBJICHUS TIOBpeXIeHHBIX HepBoB (Gu et al.,
2014); obL10 TTI0Ka3aHOo, YTo BKM CTBOJIOBBIX KJIETOK KM~
poBoit TkaHun 1 MCK KocTHOro Mo3ra o0J1agaroT paHo3a-
xuBsomuMu cBoictBamu (Du et al., 2017; Lee et al.,
2019); 6b11 3anaTeHTOoBaH ckaddonn Ha ocHoBe BKM
cepaeyHbIX (prOPOOIIACTOB A1 ASUCHMS UIIEMUYECKOM
60J1e3HMN cepalia, KOTOPBI MOXET MPUMEHSIThCSI U KaK
CPEACTBO IJISI TPAHCIUIAHTALMU KJIETOK, X KaK CAMOCTO-
SITEIbHBIN TepareBTudeckuii areHT (Schmuck, Raval,
2016). B Haieii crpaHe paspaboTaH M 3amaTeHTOBaH
CITI0CO0 MOTyYeHUsI OECKIIETOYHOIO MaTpHUKca Ha OCHO-
BE ICLICIUTIOISIPU30BAHHBIX KJIeTOUYHBIX miactoB MCK
SKMPOBOI TKaHU, MpeAHA3HAYEHHOTO JJI CTUMYJISILIUU
pereHepaTUBHbBIX IIpouieccoB (Humwmpuuxkuii 1 ap.,
2016; Tkauyk u ap., 2020).

Mogenb njig ucciaenoBanus 3adoJesanuii. M3BecTHO,
YTO TIPU LIEJIOM Psijie MaTOJOTMYECKUX COCTOSIHUM (Heli-
ponereHepaTUBHbIE M OHKOJIOTMYECKUE 3a0oJIeBaHUS,
0CTe0apTpUT, (UOPO3 U ApP.) UMEET MECTO aHOMAIBHOE
pemonenupoBaHue BKM, Bkiltouaroiee B ce0s1 KoJinue-
CTBEHHBIE 1 Ka4eCTBEHHbIE U3MeHeHUsI cocTaBa BKM,
MEepPECTPOMKY HATUBHOIM apXUTEKTYpbl TKAHU, Hapyllle-
HHE TMHAMWUYECKOTO paBHOBECUSI MEXIy Aierpagalueii u
cunte3oM BKM, namenenue xkectkoctu BKM (Sonbol,
2018; Theocharis et al., 2019). ITockonsky BKM BcecTo-
POHHUM 00pa30M KOHTPOJUPYET KJICTOUHbIE (PYHKIIUH,
aHOMaJIbLHOE pEMOACIMpPOBaHME HapylIaeT (PyHKIIMO-
HaJIBHOCTB TKaHE M yCcyryoJssieT TedeHue 6ojie3Hu. Ta-
KuM obpaszom, yctaHoBieHue poiru BKM B naroreHeTu-
YeCKMX MeXaHN3MaX TeX WM MHBIX 3a00JIeBaHUI MOXET
TMOCIY>KUTHh OCHOBOI JJIST pa3pab0TKM HOBBIX CITOCOOOB
JUArHOCTUKU WJIU MOKMCKa TepaneBTUYEeCKUX MUILICHEH
(Rubi-Sans et al., 2020). B sTo0i1 cBSI3M, Halpumep,
ooureioi mHTEepec npencrtasisseT BKM kKak KOMITOHEHT
OMyXOJEBOU HUIINM, CHOCOOCTBYIOLIMK TIPOrpeccun
OMYXOJIX U MeTacTa3zupoBaHuio (Xiong, Xu, 2016). B ka-
YyeCTBE MOIENU IJIs M3YyYEHHUS OITyXOJIEBOIO MUKPO-
oKpyxeHust Hapsiny ¢ BKM 310KauyeCTBEHHBIX TKaHEH
ucrnoab3yloT 1 BKM, cuHTE3UWpOBaHHBIA JIWUHUSIMU
oryxoJieBbIX KJ1eToK; xoTds BKM-KK He moxeT B 1moi-

LIUTOJIOTUS Ne 1
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HOI Mepe BOCIIPOM3BECTH MUKPOOKPYXKEHUE OITyXOJIE-
BOM TKaHU, 3TO METOIOJIOTUYSCKHU yIOOHAsT, MaCIITaOM -
pyeMmast moaenb Wi in vitro uccienoBanuii (Hoshiba,
2019). ITomuMo ABYXMEPHBIX MoJiejIeit OIyX0JIeBOil HU-
I TaKXKe BeIyTcs pa3pabOTKU TPEXMEPHBIX UCKYC-
CTBeHHBIX omryxoJieif Ha ocHoBe BKM-KK (Malakpour-
Permlid et al., 2021); Tak, C TOMOIIbIO ITOJMJIAKTUIHOTO
ckaddonna, mogudpuimposanHoro BKM MCK xupo-
BOIi TKaHM, ObLIa cO3JaHa MakKpocKomuueckasi (6Gosee
CaHTHUMeETpa) TPEXMEPHasl MOJIC/Ib OITyXOJIM, CXOXasl IO
GUOPMIIIIPHOI CTPYKTYpe M MEXaHWYECKUM XapaKTe-
PUCTHKAaM C OIIyXOJIEBOII TKAaHBIO M ITOBBIIIAIOIIAS
YCTOMYMBOCTD 3aCEJIECHHBIX OITyXOJIEBBIX KJIETOK K JOK-
copyounuHy (Rubi-Sans et al., 2021). BKM-KK, a
nMeHHo BKM «kieTok TpabekynsipHoit cetu (HTMC),
TaKKe MCIOoJb3yeTcs 1Jis n3ydeHus: po BKM B pa3pu-
tum raykombl (Raghunathan, 2018). Jlenemtonspu3so-
BaHHBIM MaTpUKcoM (rOpPOOIACTOB yaaIOCh MOOU(DU-
mupoBaTh MUKpodaongHoe ycrpoiictBo (Hong et al.,
2017), u Takoil MoaXon B TIEPCIEKTUBE MOXKET OBITh MC-
MOJIL30BaH B CO3MaHUM “OpraHoB-Ha-4yuIie” IJIS ydyeTa
MUKPOOKPYKEHUSI, CO3MaBa€MOro BHEKJIETOYHBIM MaT-
PUKCOM, IIPA MOAEIMPOBAHUM 3a00JIeBAaHUIA UJIN CKPU-
HMHTE JIEKapCTBEHHBIX COeAMHEHMI (B TOM YUCIE TIep-
COHaJIM3UPOBAHHOM).

SAKJIIOYEHUE

KynbTuBupyemMbie KJIETKU MPEACTABIISIIOTCS TIPUBJIE-
KaTeJIbHOU aJIbTEPHATUBOM OpraHaM U TKaHSIM — Tpaau-
OUOHHBIM McTOUHMKaM BKM. OCHOBHBIM ITpenMyIIIe-
ctBoM BKM-KK ggBiasieTcss BO3MOXHOCTL 3aTaHUS
cBoiicTB BKM B KOHTpOJIMpPYEMBIX YCIOBUSIX, IIpUYEM
koHcTpyrupoBanue BKM MoxeT onupaTbcsl HE TOJIBKO
Ha GOTaThIi OIBIT KJIETOYHOI OMOJIOTHUH, HO U HA TOCTU -
KEHUS U3 IPYTUX IMCHUIUIMH. [TyOnukaimu nocaenHux
JIeT neMoHCcTpupytoT, yTo BKM-KK noreHnuaibHO MO-
T'yT ObITh IPUMEHEHbI U151 pellieHUsI IIIUPOKOTO CIIeKTpa
OMOMEOUIIMHCKUX 3amad. TeM He MeHee, CBSI3aHHbIE C
BKM-KK wuccnenoBaHus moKa 4TO MPOBOISITCS TOJBKO
Ha KJIETOUYHBIX U XXMBOTHBIX MozesiX. [To Bceil BuaMumo-
CTU, MIEPEXO0]l K KIIMHUYECKUM UCTIBITAHUSM CIEepPKUBa-
eTcs MajbiM BeixomoM BKM, noiaydyaeMoro us KyJabTH-
BUPYEMBIX KJIETOK, U TpaHcsiuusg BKM-KK B KiTuHuKy
MoTpeOyeT pelleHUsI COOTBETCTBYIOIIEK 3amayd Mac-
IITaOUpPOBaHMS.
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I[MTOTEHUMAJI BUOMEINIMHCKOI'O UCITOJIB3OBAHWA AELETIOJIAPHU30BAHHBIX

The Potential of Decellularized Cell-Derived Matrices for Biomedical Applications
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Decellularized extracellular matrices show a great promise as materials for tissue engineering and regenerative med-
icine. Recently, there has been an increasing interest in the use of cell-derived extracellular matrices (CD-ECMs).
The present mini-review focuses on advantages and disadvantages of the CD-ECMs, describes the variety of ap-
proaches to modify the CD-ECMs and discusses the CD-ECMs application fields. In particular, CD-ECMs were
shown to serve as cell culture substrate, as base for biocompatible scaffold production, as drug for cell-free therapy
and as component of disease models.
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