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AHHOTAIUA

JlaHHast CTaThsl MOCBSILIEHA aHAIU3Y KIIOYEBOW pOJIM OMOMETUIIMHCKUX TEXHOJIOTUN B
BOCCTAHOBJICHUU ITOBPEXKIEHHBIX TKAHEW U OPraHoB. TpaguiMOHHBIE METOABI JICUEHNUS
TpaBM U 3a00JIEBaHMIA, BEIyIIUX K MOTEPE TKAaHEH, 4acTO OrpaHUYEHbl B CBOEHU
3¢ (PEKTUBHOCTH, YTO CTUMYJIMPYET MOUCK MHHOBAIMOHHBIX MOAX0J0B. B pabote
paccMaTpUBaOTCSl OCHOBHBIE HAIIPABJICHUS PET€HEPATHUBHOM MEIMIIMHBI, TaKUE KakK
TKAHEeBAasl MH/KCHEPHs, KJIETOYHAsl Tepanmus U HCIO0JIb30BaHHEe 0MOMATEPHAJIOB.
OOcyxnarTcs TOCTHKEHUS B 00JIaCTU CO3[aHUsS OMOMH)KEHEPHBIX KOHCTPYKIIHIM
(cxaddonaoB), IPUMEHEHUS Pa3IMYHBIX TUIIOB KJIETOK (CTBOJIOBBIX, MHAYIIUPOBAHHBIX
IUTIOPUIIOTEHTHBIX), a TakkKe pa3pabOTKM OUMOAKTUBHBIX M OHMOCOBMECTHUMBIX
MaTEepUajIoB, CIOCOOCTBYIOLIUX pereHepaniy. AHaIU3UPYIOTCS KOHKPETHBIE IPUMEPbI
YCIIEITHOTO TPUMEHEHHMS dTUX TEXHOJOTHUM JJIsI BOCCTAHOBJIEHUSI KOCTHOM, XPALIEBOU,
KOKHOW, HEPBHOW M JPYIMX TKaHEW. BBIIENAIOTCS 3HAYMTEIbHBIE MPEMMYLIECTBA,
BKJIFOYAsi BO3MOXKHOCTh (DYHKIIMOHAJILHOTO BOCCTAHOBJICHHUSI, CHUKEHUE OTTOPIKEHUS U
WHIUBUyaIn3anuio  jgedeHus. OJHOBPEMEHHO  pacCMaTpUBAIOTCS — IPOOJIEMbI
BHEJIPEHUS, TAaKM€ KaK BBICOKas CTOMMOCTb, J3THYECKHE BOMPOCHI, CIOKHOCTh
MacTaOMpOBaHUs M HEOOXOIMMOCTh CTPOrodl perynsatTopHoil ©6a3bl. CraThs
MOYEPKUBACT MEXIUCUUIUTMHAPHBIA XapakTep OMOMETUIMHCKUX UCCIAEA0BAHUN U X
OTPOMHBIM MOTEHIMANI JUIs PEBOJIOLUOHU3ALMU COBPEMEHHOM MEIULMHBI U
YIIY4YILIEHHs Ka4eCTBa )KU3HU MTALIUEHTOB.

KaroueBble cioBa: bHOMEAUIIMHCKUE TEXHOJIOTMH, PEreHEpaTHBHAs MEIMIIMHA,
TKaHEBasl MH)KEHEpHsl, KJIETOYHas Tepanusi, OuomaTepuaibl, CTBOJOBBIE KIETKH,
BOCCTaHOBJICHUE TKaHEH, OMONIPUHTHHT, IEPCOHAIM3UPOBAHHASI MEIUIIMHA.

1. BBeaenue

[ToBpexxneHne UM moTepsi TKaHEeH U OPTaHOB B PE3yJIbTaTe TPaBM, 3a00JICBaHUIN WU
BO3PACTHBIX M3MEHEHUW SBIAETCS OJHONW M3 HauboJiee CEphe3HBIX MPOOJIEM B
COBPEMEHHOM  MeaulluHe. TpaJullMOHHBIE  METOABl  JICUCHMS, TaKue  Kak
TpPaHCIUIAHTAIMS OPraHOB WJIM MCIOJIb30BAHUE MPOTE30B, YaCTO CTAJIKUBAIOTCS C
OTPAaHUYCHUSIMHU, CBS3AHHBIMU C J€PUIMTOM JOHOPCKUX OPraHoB, WMMYHHbBIM
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OTTOPKECHUEM HJIM HCIIOJHBIM q)YHKIII/IOHaJIbHBIM BOCCTAHOBJICHHMEM. B OoTBEeT Ha 3TH
BbBI3OBbI AKTHMBHO Pa3BUBACTCA 0071aCTh peFEHepaTI/IBHOﬁ MEIUIIMHBI, KOTOpas
CTPCMHUTCA BOCCTAHOBHUTL, 3aMCHHUTHL HJIM PCTCHCPUPOBATH IHOBPCIKACHHBIC TKAHU H
OpraHbl, UCITOJIB3Y ITPUHIIUIILI OMOJIOTHH U HWHXXCHCPHUU.

B ocHOBe pereHepaTWBHONW MEIUIIMHBI JIGKHUT HCIOJIL30BAHUE OMOMETHIIMHCKHUX
TeXHOJIOTHid, KOTOpPbIC OOBCAUHSIOT JOCTHIKECHUS MOJICKYJIIPHOH OHOJIOTHH,
KJICTOYHOH OMOJIOTHUH, MaTepUAJIOBEACHUS W WHKCHepUHU. llenbro JaHHOW CTaThbU
SIBJISICTCSL aHAJIU3 KIIFOUEBOW POJIM OMOMEIMIIMHCKUX TEXHOJIOTHH B BOCCTAHOBIICHUH
MOBPEKICHHBIX TKaHEH, 0030p OCHOBHBIX HaIpaBJICHUH, 0OCYKJICHUE TOCTHKCHUHA U
npo0sieM, a Tak)Ke OIPEACIICHHE TEPCIICKTUB Pa3BUTHS STON MEXIUCITUIUTHHAPHON
00JacTH.

2. OcHOBHBIE HanpaBJCHUSA 6I/IOMeIlI/Il_[I/IHCKI/IX TEXHOJIOTUH B pereaepannu TKaHel

PGFCHepaTI/IBHaH MCAUIIMHA OIMUPACTCA HA TPHU OCHOBHBIX B3dMMOCBA3aHHBIX CTOJIIIA:
KJICTOYHYIO TCPAIINIO, TKAHCBYIO HHKCHCPHUIO U UCIIOJIb30BAHUC 6I/IOMaT€pI/IaJIOB.

2.1. Knerounasi Tepanust

Kaerounas TEpalnud BKJIHOYACT BBCIACHHC ’KH3HECITIOCOOHBIX KJIETOK B OpraHu3M
nmanyucHTa AJis1 BOCCTaHOBJICHUA (IJYHKHI/II/I IMOBPCKIACHHBIX TKaHEH UJIN OpraHoOB.

CTBoJIOBBIEe KjIeTKH: Pa3ianuHble TUIBI CTBOJIOBBIX KIJIETOK 00JIaal0T YHUKAJIBHON
CIIOCOOHOCTBIO K CaMOOOHOBJIEHHIO U JTU(PEpEeHIHPOBKE B CIELHAIN3HUPOBAHHbBIE
KJIETKHU.

ImopunorenTHbIe cTBOI0BBIE KJIeTKH (IICK): OMOproHaabHbIE CTBOJIOBBIC KIICTKH
(3CK) u unayuupoBaHHbIC MIIOPUNIOTEHTHBIE cTBOJIOBBIE KiIeTku (MIICK) obmagator
noTeHanioM auddepeHIupoBaTbcsi BO BCE THUIBI KJIETOK opraHusma. OHu
MEPCIIEKTUBHBI [l pEr€HEPALlUU CIIOKHBIX TKAaHEH, HO UX UCIOJIb30BAHUE COMPSIKEHO
¢ atnueckumu Bonpocamu (DCK) u puckom popmupoBanus tepatom (DCK u ullCK).
MyabTHIIOTEHTHBIE CTBOJIOBbIE KJIETKH: BKIIOYaOT ME3€HXUMAJIbHBIE CTBOJIOBBIE
kietkn (MCK), remonostiaeckue crBosioBsie kieTku (I'CK) u HelipanbHbIE CTBOJIOBBIC
kietku. MCK, nonydaembie U3 KOCTHOTO MO3Ta, )KUPOBOW TKAaHU, TyITOBUHBI, aKTUBHO
UCCIIEAYIOTCS JUIsl JIeUeHMsl 3a00I€BaHUN KOCTEH, XpsIlel, cepla, HEPBHOU CUCTEMBI
Oyarogapsi X UMMYHOMOAYJIUPYIOUIUM U TPO(QUUECKUM CBOMCTBAM.

IIpumenenue: Kietounas tepanusi IpUMEHSIETCS 1711 BOCCTAHOBJICHUS TIOBPEKICHUIM
CIIMHHOTO MO3ra, HUH(papKTa MUOKap/ia, JJCUCHUs caxapHOro auadeTa (BOCCTaHOBIICHHE
OCTPOBKOBBIX KJIETOK IMOIKETYIOYHOM KeJe3bl), 3aKUBJICHUS PaH U 05KOTOB, JICUCHUS
ayTOMMMYHHBIX 3a00J1€BaHUH.

2.2. TkaneBasi MH:KeHepUs

TkaneBasi MH:KeHepUsI — 3TO CO3/IaHUE OMOJOTMYECKUX 3aMEHUTENIEH TKaHEH WU
opraHoB in Vitro (BHe opraHusma) JJis MOCICAYIOMICH MMIUIAaHTAIMU. DTOT TOIXO/
OOBIYHO BKJIIOYAeT KOMOMHAIIMIO KIIETOK, OuomarepuanoB (ckad@ongoB) u
OMOAKTHUBHBIX MOJIEKYIL.
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Crkaddoaabl (kapkacbl): OTO TpPEXMEPHBIE CTPYKTYpPbl, KOTOPbIE HMUTUPYIOT
€CTECTBEHHYI0 BHEKJIETOYHYI0 MAaTpHIly MW CIyXaT ONOpoM s pocrta U
muddepeHnpoBky Ki1eTOK. OHU MOTYT OBITh H3TOTOBJICHBI U3 MMPUPOTHBIX TTOJTMMEPOB
(xomared, puOpPWH) WM CUHTETUYCCKUX (MTOHMIIAKTHI, TOJUKAMPOIAKTOH) U 9acTO
CO3/Ial0TCS C UCIIONIb30BaHNEM TexHOoJIoTui 3D-0uonpuHTHHrA.

3D-ouonpuHTHHT: [103BOMSIET TIOCTIOIHO CO3/TaBaTh CIOKHBIE TPEXMEPHBIC TKAHEBHIC
KOHCTPYKLIMU C HCIIOJIb30BaHUEM '"OuouepHWI", coAep)KallluX >KUBbIE KIETKA U
OuomMarepuaibl. ITO OTKPHIBAET MEPCIEKTUBBI JJIS TIEYaTH OPraHOB U KOMILIEKCHBIX
TKaHEMN C BBICOKON TOYHOCTBIO.

Bbuopeakropspi: CrenuanbHble CUCTEMbI, UMUTUPYIOIIUE (DU3UOJIOTMUECKUE YCIOBUS
OpraHu3Ma, UCIOJIb3YIOTCS UISI CO3PEBAHMS M KYJIbTUBUPOBAHUS TKAHEHMHKEHEPHBIX
KOHCTPYKIIMI NIEPE] UMITJIAHTALIUEH.

IIpumenenne: TkaHeBass MHKEHEpPHUs YCIEIIHO MPUMEHSIETCSA ISl BOCCTAHOBIICHHUS
KOXHM (MCKYCCTBEHHAass KoKa JJIs OXOTOB), Xpsimied (pereHepamusi CyCTaBHBIX
MOBEPXHOCTEM), KOCTEH (3alojHEHHE KOCTHBIX Ae(PEKTOB), a TakKe B pa3pabOTKe
HMCKYCCTBEHHBIX KPOBEHOCHBIX COCYJIOB U HEPBHBIX MTPOBOJHUKOB.

2.3. buomarepuabl

buomartepuaabl — 3TO NPUPOJIHBIC WM CHHTETUYECKHE BEIIECTBA, MPEHA3HAYCHHbBIC
JUISl B3aMMOJICUCTBUSI ¢ OMOJIOTMYECKUMH CUCTEMaMU C 11€JIbI0 IMAarHOCTUKH, TePAIUU
WY 3aMEIEeHUS.

buocoBmecTuMble MaTepuaJbl: He BBI3BIBAIOT HEXKEATEIBHBIX PEAKIIMI B OPraHU3ME
(MMMYHHOTO OTTOP>KEHHSI, BOCIIAJICHUS ).

BbuoakTuBHBIe MaTepuaibl: AKTUBHO B3aMMOJECHCTBYIOT ¢ OMOJIOTMUECKON Cpeloi,
CTUMYJMpPYsl KJIETOUHBIM pocT, auddepeHIMpoBKY WU pereHepanuio (Hampumep,
OMOaKTUBHBIE CTEKJIA JIJIST pOCTa KOCTEH).

Hanomartepuanbl: lcnonb30BaHHEe  HAHOCTPYKTYPUPOBAHHBIX  OHMOMAaTepHasioB
(HAHOBOJIOKHA, HAHOYACTHUIbI) MO3BOJSET JydYllle HMHUTHPOBaTh HaHOPa3MEPHYIO
CTPYKTYPY BHEKJIETOUHOI'O MaTpUKca, yiaydlias aJre3uto, pocT u auddepeHunpoBKy
KJIETOK.

IIpumenenue: bromarepuanbl HCIOJIB3YIOTCA B KAadyeCTBE MATPULl JUISl KIETOYHOM
VWHKEHEPHUH, TTOKPBITUHN ISl UMIUIAHTATOB, CUCTEM JOCTABKH JIEKAPCTB, KAPKACOB IS
pereHepanuy HEPBOB U KOCTEN.

3. [IpuMepsbl yCHenHOTo MPUMEHEHHUSI M MePCHEeKTUBBI

BoccranoBiaenne koxu: OnHuM U3 HauboJjiee YCHEUIHBIX TNPUMEPOB SIBISETCS
pa3paboTka OMOMHXKEHEPHOW KOXHU I JICUCHUS TSKEIBIX OKOTOB, MO3BOJISIONIAsS
CIIaCTH KW3HU U YIIYYIIUTh KQUECTBO 3aKUBJICHUS.

Perenepanusi xpsima: KynbTUBHpOBaHUE XOHIPOUMUTOB (KJIETOK Xpslia) Ha
OuoMarepuaiax W MX HUMIUIAHTAUs B TOBPEXKIEHHBIM CyCTaB IOKa3bIBAIOT
00HaIe)KMBAIOIIME PE3YJIbTAThI B JICHEHUH OCTE0apTPO3a.



KoctHas perenepanusi: Vcrosib30BaHHE KOCTHBIX TPaHCIUIAHTATOB, OOOTalllE€HHBIX
MCK, nnu OMOaKTUBHBIX 1IEMEHTOB JJIsl 3aIOJHEHUsI OOIIUPHBIX KOCTHBIX e(EKTOB
IIOCJIE TPABM MJIM PE3EKLNN OITyXOJIEH.

HepBHasi perenepanusi: Pa3paboTka OMoMarepranoB U KIETOYHBIX KOHCTPYKIUHN JJIs
BOCCTAHOBJICHHSI ~TIOBPEXKJICHHBIX MEpPUPEPUYECKUX HEPBOB U  IMPEOJOJICHUS
IIMAJIBHOTO pyOLa IPH MOBPEXKACHUIX CIIMHHOIO MO3Ta.

IlepcnexkTuBbl: B Ommxaiimiem OyaynieM OXKUIAETCS 3HAYUTENBbHBIA IPOrpecc B
CO3/1aHHUU 0O0JIe€ CIOXKHBIX TKAHEHMH)KEHEPHBIX KOHCTPYKLMH, TAKUX KAK YAaCTUYHBIC
opranbl  (Tpaxes, MMILEBOJA, MOYEBOM  My3bIpb), a TakXKe  IOSBICHUE
[NEPCOHAIN3UPOBAHHBIX MMIUIAHTATOB, CO3JaHHBIX C HMCIIOJIb30BAaHUEM COOCTBEHHBIX
KJIETOK manueHta u 3D-OuonpuHTuHra. JloarocpodHas 1eilb — CO3AaHUE MOJHOCTBIO
(YHKIIMOHAJIBHBIX OPTaHOB.

4. IIpo6Js1eMbI ¥ BbI30BbI BHEPeHHs] OMOMETUIIMHCKUX TEXHOJIOTHi

HeCMOTpﬂ Ha OI’pOMHBIﬁ IIOTCHOHUAJ, 6I/IOM€I[I/IHI/IHCKI/I€ TCXHOJIOTHH CTAJIKHMBAIOTCs C
PAOIOM CECPBE3HBIX BBI3OBOB!

4.1. be3onacHOCTh ¥ dTHYECKHE BOMPOCHI

NMMyHHBIE OTBeT M OTTOp:KeHHMe: HecMOTps Ha KMCIOJIb30BAHHE ayTOJOTHMYHBIX
(COOCTBEHHBIX) KIIETOK, CYIIECTBYET PUCK UMMYHHOI'O OTBETa Ha OMOMAaTepUalbl WU
KOMITOHEHTHI CpeIbl KYJIbTUBUPOBAHUS.

OnkoreHHocTb: OCOOEHHO AKTYaJIbHO JUISI TUTFOPUITOTEHTHBIX CTBOJIOBBIX KJIETOK —
pHUCK 00pa3oBaHUs TEpaTOM (OIMyXOJIeH U3 Pa3HbIX TUIIOB TKAHEH).

JTHYeckHe acneKThl: Vcrnonb3oBaHne SMOPHOHATBHBIX CTBOJIOBBIX KJIETOK BbI3bIBAET
ATUYECKUE TUCKYCCHH.

4.2. MacmiTabupoBaHnue 1 NpOU3BO/JCTBO

BocnpouszBoaumocts: ObOecrniedeHre CTaHAApPTU3ANMU W BOCIHPOM3BOJUMOCTH TIPU
MIPOU3BOJICTBE KJIETOYHBIX MPOJYKTOB M TKAHEUH)KEHEPHBIX KOHCTPYKIUU SIBISETCA
CJI0’KHOM 3aJa4eH.

MacmrabupoBanue: ITepexon oT 71a60paTOPHOTO MPOM3BOJICTBA K
KpPYITHOMACIITAOHOMY  KJIMHUYECKOMY TMPUMEHEHUIO TpeOyeT  3HAYUTEIbHBIX
WHBECTUIIUNA U pa3pabOTKU MPOMBIIIJIEHHBIX TEXHOJOTHM.

4.3. PerynsitopHasi 0a3a

OTCcyTCTBHME 4YETKMX U TapMOHU3HUPOBAHHBIX PETYJISTOPHBIX TpPeOOBaHUU IS
KJIETOYHOM M TKaHEBOM Tepanmuu B Pa3IMYHBIX CTPaHax 3aMEUISIeT UX KIMHUYECKOE
BHepeHne. Heo0xoaumo co3aTh aJeKBaTHbIE MEXaHU3MBI J1JIs1 OLIEHKH 0€30I1aCHOCTH
1 3G (HEKTUBHOCTH HOBBIX MIPOIYKTOB.



4.4, JlocTaBKa U BbIZKHBA€MOCTb KJIETOK

OddexTuBHAs T0CTaBKa KIETOK B TMOBPEXKICHHBIC TKAaHU W O0OECIEUCHHE WX
BBDKUBAEMOCTH, TUG(EPESHIIMPOBKA W WHTETPAllMd B TMPUHUMAIOIIANA OPTaHU3M
OCTaeTCs Cepbe3HOM MPOOIEMON.

4.5. CtouMOCTH

Pa3paboTka u mpuMeHeHWEe OMOMEIUIIMHCKUX TEXHOJIOTHH YacTO SIBISIOTCS OYEHBb
JOPOTOCTOSAIIMMH, YTO OTIPAHWYMBAET UX JOCTYHNHOCTH [UJI IIHPOKOTO Kpyra
[IallUEHTOB.

3akioueHue

buomenuuMHCKHE TEXHOJIOTMHM WrparoT (YyHIAMEHTAlIbHYIO pOJIb B Pa3BUTUHU
pEereHepaTuBHOM MEOUUMHBI, TMpeasiaras OecHpeleJeHTHbIE BO3MOKHOCTH IS
BOCCTAHOBJICHUS W 3aMEHBbl TMOBPEXKICHHBIX TKaHEW W OpraHoB. JlocTmxkeHus B
KJIETOYHOW Tepanuu, TKaHEBOM MHXKEHEPHUH U pa3paboTKe OMOMaTepHalioB yKE CETOIHS
II03BOJIAIOT YCIEIIHO JICYUTh Psifl IMATOJOTUM, a MEPCIEKTUBBI CO3JaHUs ITOJTHOCTBIO
(YHKIIMOHAJIBHBIX OPTaHOB BBIMJISIAAT BCe O0JIee pealuCTUIHbIMU.

HecMoTpsi Ha 3HauuTeNbHBIE BBI3OBBI, CBSI3aHHBIE C 0€30MACHOCTHIO, ATUYECKUMU
BOIPOCAaMHU, MacCIITa0UPOBAHUEM TPOU3ZBOJICTBA U PETYIATOPHBIMU Oapbepamu,
porpecc B ATOM 00JaCTH JBMKETCSA OBICTPHIMU TeMIaMHu. MEXIUCIUIUIMHAPHOE
COTPYIHUYECTBO YYEHBIX, WHXKEHEPOB, Bpauel W MPEACTABUTEICH PETYIATOPHBIX
OpPTraHOB SIBJISIETCSI KPUTHYECKH BAXXHBIM U1 MPEOJIOJEHHUS CYIIECTBYIOIINUX
MPENsSTCTBUNA. YCIHENIHOEe BHEAPEHHE OWOMEAUIIMHCKUX TEXHOJOTui oberaer
PEBOTIOIIMOHU3UPOBATh TMOJIXObl K JICYCHUIO MHOTHUX 3a00JIeBaHUM, 3HAYUTEIHHO
yJy4lasi KaYeCTBO U MPOJOJIKUTENBHOCTD )KU3HU MUJIJIMOHOB JIFOJEH 110 BCEMY MUDY.
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