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Axmyanonocmos - Cpeau axkTyaJdbHBIX MEAMIIMHCKUX MpoOJjieM, TpeOyromux
IyOOKOTO W3Y4YEHHUs, OJHO W3 BaXXHBIX MECT 3aHMMAaeT MpodyieMa NaTOJIOTUU
cyctaBoB. Ceityac BO BCeM MUpe HaOIIONaeTCsl TEHACHIMS K YBEJIMUECHUIO TPOIICHTA
JI0JIA 3TUX 3a00JI€BaHU.

B nacrosmee Bpems Boigensaior 6onee 80 Ho3omormueckux Gopm 3aboneBaHUit
cyctaBoB. [lo nmanusiM BO3 umu ctpagaet okono 4% HaceleHHs 3€MHOTO IIapa, ¢
3a00JICBaHUSIMH ~ KPYIHBIX  cycTaBoB  cBs3aHo 30%  cioydaeB  BpeMEHHOM
HeTpynocnocoOHoctd U 10% wnHBasmoHocTH (2). Heckoiabko MeHbIee, HO BCe
PaBHO, 3HAUYMUTENIBHOE KOJIMYECTBO COCTABJSIIOT JIET€HEPATUBHBIC MU3MEHEHUS XpsIla
KaK MOCJEACTBHE CIIOPTUBHOM WJIM ITPOU3BOACTBEHHOMN TpaBMbl. BcnencrBue kpaliHe
HU3KHUX pENapaTUBHBIX CIIOCOOHOCTEHW CYCTaBHOTO Xpsila, MoJ00HBIE Ae(eKThI
OOBIYHO COXpAHSIIOTCS B TEUEHHME BCEH IKU3HM UEIOBEKA U  BBI3BIBAIOT
MPOTPECCUPOBAHNE JIETEHEPATUBHBIX HU3MEHEHUW B cycTaBe. Ha cerogHsmHui
MOMEHT CYHIIECTBYET OCTpas HEOOXOIUMOCTh B YIYYIICHHU KauecTBa JICUCHUS
3a00J1€BaHUN CYyCTaBHOIO Xpsllla M MOJJexKalel cyoxoHapanbHod Kkoctu. C TOUKHU
3peHHs] TKAaHEBOM WHKEHEPHUH, CYCTABHOM XpsIl MPEACTABISIET COOOM JOCTATOYHO
CIIOXKHYIO TKaHb JJi JICYCHUS, TaK KaK H3-3a MPEIIECCTBYIOUIEIO BOCHAJICHUS HE
MPOUCXOUT IKCIPECCUM HU TUMUYHBIX JJI BOCHAJIMTEIBHOTO MPOIECCa MapKepOB,
KOTOpBIC HAOJIOMAIOTCS B IPYTUX TKAHIX, HU CIIOHTAHHOW pereHepanuu (2).

Haunbonee MHOroo0Gemnarmiue nepcrneKTUBbl BOCCTAHOBICHUS XPAIIEBOM TKaHU
CBSI3BIBAIOT C TKAaHEBOM WHXKEHEpUEH, KOoTopas mpeajaraeT ajlbTepHATUBY
TPAJULUUOHHBIM CTPATETUAM JICUYCHUSI TOBPEXKACHHOTO XpsIlla B PE3yabTaTe TPaBMbI
WU JIeTeHepaTuBHOrO 3abosieBaHus. B mocnenHee BpeMs ¢ ATOM IEIbI0 HA4allo
MPUMEHSTBCA 3aMmenieHue Ae(eKTOB Xpsla KylIbTypoil COOCTBEHHBIX 3pEibIX
XOHAPOLIMTOB  JUOO  XOHJIPOT€HHBIX  MPOU3BOIHBIX  CTBOJIOBBIX  KJIETOK.
BoccranoBnenue Xxpsilla Ha paHHUX CTauaX €ro JereHepalud CMOXET B
JadbHEWIlleM HE TOJIbKO KOMIIGHCHPOBaTh, HO U MPEJOTBPATUTh Pa3BUTHUE
neopMHUPYIOIIETO 0CTeoapTpo3a u HEOO0XOITUMOCTH TOTAJILHOTO
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SHIONPOTE3UPOBAHUSL CyCTaBa B MO3JHUX CTaausIX 3a00JIEBaHUS, YTO TMPUHECET
HECOMHEHHBIM KOHOMHUYECKUM 3(P(PEKT U 3HAYUTENTHHO YAYUIIUT Ka4eCTBO >KU3HU
naiueHToB (3,5) .

B Hacrosiiee Bpemsi BeAeTCS AKTHBHBIM MOUCK KIMHUYECKH MPUEMIIEMBIX
TEXHOJIOTUH KJIETOYHOM pernapanuu Xpsiia, OJHAKO O CHUX MOp CYIIECTBYET Pl
npoOJjieM, MPEnITCTBYIOMMX MIMPOKOMY TMPUMEHEHUIO JaHHBIX METOJ0B B
KJIIMHUYECKOH MpakThKe. B 4aCTHOCTH, OCHOBHBIE TPYIHOCTH CBS3aHBI C TIOJIYYEHUEM
JIOCTATOYHOT'O0 KOJUYECTBA aJI€KBATHOI'O AKTUBHO MPOJIU(DEPUPYIOIIETO KIETOUYHOIO
Matepuaiga, KOTOPhIM MMeNn Obl MUHHUMAIBHBIM MOTEHIMAT K JAeauddepeHInpoBKe
WU OBICTPO MOT OBbITh JUudPEepeHIIMPOBaH B HY>KHOM HaINpaBJICHUU.

Mesenxumanbabie  cTBOjIoBhle  Kietkn  (MCK), sBasiorcs  HamOoJee
MEePCIIEKTUBHBIM HMCTOYHUKOM TPAHCIJIAHTALIMOHHOTO Marepuana TU1st
BOCCTAHOBJICHHSI coenuHuTenbHOM Tkanu. MCK  o00mnamaioT cnocoOHOCTBIO
mudpepeHIpoBaTECS B AUMOLUUTHI, MHUOLMTHI, XOHAPOIUTHI, OCTEOIUTHI U JaXKe
KJIETKH WHOTO TPOUCXOXACHMs, HampuMmep dSHAokpuHHBIe. M3 150-200 rpamm
KUPOBOM TKAHU MOXHO BBIICIUTH MOpsjaka 1 MHUIJIMOHA CTBOJOBBIX KIIETOK, YTO
SBJISIETCS AJIEKBATHBIM KOJUYECTBOM i AUGPEpPeHIUPOBKH U TMPUMEHEHUS B
KIIMHUYECKUX TETAX.

JloctaTouHO  BakHOM  mpoOnemMoil  sABisieTCs MOA0Op U ampolanus
BHEKJIETOUHOT'O MAaTpUKCa, KOTOPBIM BbICTymnaa Obl B KadecTBE 3()PPEKTUBHOIrO
HOCUTENSl IJi1 KIETOK W MOr ObITh UMIUIAHTHUPOBAH B 00JIACTh XOHAPAIBLHOIO
nedexta ¢ MUHUMAJIbHOW MHBAa3MBHOCTBIO W COXpPaHEHUEM TNpU  ITOM
OonomexaHnvyecknx cBoucTB. Co3/laHue aIeKBAaTHOTO MAaTPUKCHOTO HOCUTENS — OJHO
U3  OCHOBHBIX  YyCIIOBHH, HEOOXOJMMBIX [JIl  YCHEIIHOW  XOHJPOTEHHOM
mudPepeHIUPOBKU MYJIbTUIIOTEHTHBIX ME3EHXUMAIIbHBIX CTPOMAJIbHBIX KJIETOK.

B nocnenHue roapl pe3KO BO3POC HHTEpPEC K ajbrMHaTaM. AJIbIAHATHI
MpEACTaBIAIOT CcO00M TuApOodUIbHBIE MOpPCKHE OHOMOJUMEpHI, OO0JaJaloIINe
YHUKQJIBHOU CTIOCOOHOCTHIO 00Pa30BbIBATH TEPMOCTAOUIIbHBIE T€JIH, KOTOPhIE MOTYT
dbopMupoBaThCAd U CTAaHOBUTHLCSA OOJee MIOTHBIM NMPU (PU3UOJIOTHYECKH 3HAUUMBIX
YCIOBUSIX. AJIbTUHATHI MPEJICTABISAIOT COOON CEMENCTBO HEPA3BETBICHHBIX JBOMHBIX

CONOJIMMEPOB  OCTATKOB ﬁ-D-MaHHypOHOBOﬁ KHCIOTHI M X-L-IIoKypoHOBO#
KHUCJIOTBI, COCIUHEHHBIX 1-4 TIUKO3UIHON CBs3b0. OTHOCHUTEIBHOE KOJIMYECTBO
JIBYX MOHOMEPOB YPOHOBOM KHCIIOTHI M IOCJIEIOBATEIBHOCTh UX PACIIOIOKEHUS B
MOJMMEPHOM IIENM IIMPOKO BapbUPYET B 3aBUCUMOCTH OT IPUPOABI AJIbIMHATA.
AJNbruHaTHBIE TeIU 00pa3yIoTCsl, KOrAa JABYXBAJICHTHBIN KaTUOH (OPMUPYET HOHHBIC
CBS3M C OTPHIIATENBHO 3apsHDKeHHOW rpymmod m3 G ocTaTka KaKIoro W3 JABYX
Pa3IMYHBIX AJNBIMHATHBIX IOJMMEPOB, B PE3YyJbTaTE YEro JBa NOJUMEpa
OKa3bIBAIOTCSI MOMEPEYHO CIIUTHIMU. OOpa3zoBaHKEe MHOKECTBA MOMEPEUHBIX CBSI3EH
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MEXIY MHOTOUYMCIICHHBIMHU AJTbIMHATHBIMH TIOJUMEPAMH MPUBOJUT K 00pa30BaHUIO
MaTPHUKCa, KOTOPBIA MPECTABIISICT COOOM CTPYKTYPY aJIbTUHATHOTO refsl. biaromaps
ATOMY, a TaKXKe CHOCOOHOCTU OOpa30BHIBATh el B (PU3MOJOTMUECKUX YCIOBUSX,
QIBTMHATHl TIHPOKO HCIONB3YIOTCS W HM3YYarOTCS IS TeJIed WHKAICYISIINN, B
KauecTBe OMOCTPYKTYPHOTO MaTepHialia W JJIS BKIIOUEHUS KJIETOK B aJbIHHATHBIC
rpanyJs (1,4,6).

[Iponenannass Hamum paboTa W ObUIa TIOCBSIICHA YCJIOBHSM TIOJTy4YEHUS,
KyATUBUPOBaHUS U TU(PEpEHINPOBKH ME3CeHXUMAIBHBIX CTBOJIOBBIX KIIETOK,
non0opy onTUMaibHBIX ycioBuil s 3aknmtoueHuss MCK B Marpukc-HOCUTENb €
MOCJICYIONIEH TpaHCIIJIaHTAIlMel B 00JIaCTh TOBPEXIACHUS CYCTAaBHOTO XpsIla B
AKCIIEPUMEHTATHFHOW MOJICTIH.

Ilenv  uccnedosanuss ~—  W3YYATh  BO3MOXKHOCTH  TPAHCIUIAHTAIIUU
ME3CHXMMAJIbHBIX CTBOJIOBBIX KIIETOK B COCTaBe albFHHATHOTO MATPUKCHOTO
HOCHTEIIS JIsl JIeueHUs Je()eKTOB CYCTAaBHOTO XPSIIIA.

Mamepuanvl u memooul.

Buvloenenue me3enxumanoHviX  CmMEON08bIX  KIEMOK U3  JHCUPOBOU  MKAHU.
Jlunoacnupat TIAaTeabHO OTMBIBaIU pacTtBopoM (ocdatHoro Oydepa, mocie yero
noasepranu ¢pepmentaruu 0,075% pactBopom kosutareHassl | Tuma B Teuenue 30-60
MuH. Jlis  HeWTpanmuzanuu pepmeHTa J00aBISsIIM K CMECH PaBHBIM 00beEM
docharnoro Oydepa ¢ 10% smOpuoHATBHOW TeNnsubel CHIBOPOTKH. OTMBIBAIA
MOJIYYCHHYIO KJIETOUHYIO cycrieH3uto. Knetku kympruBupoBanu npu npu 37°C u 5%
CO2 B momHO# nmutarensHO# cpene o-MEM c no6asnenuem 10% smOpuoHabHON
tensiubedt  ceiBopotkr (HyClone) mo noctmxkeHus konumdecTBa 5 MIIH.KI. Bce
MaHUITYJISIIIAY IPOBOAMIIN B CTEPUIIHHBIX yCIIOBUSX.

lloozomoexa mpancnianmama Ha ocHoge anbeuHama u HeouggpepeHyuposantvix
MCK JKT. (2% anerunat, npurotosieHusii Ha 0,9% NaCl+50 MM CaCl, nus
nojuMepusanuu). JlJis MPUTOTOBIEHHE alblHHATHOrO pactBopa coib (B/0) (low
viscosity, Sigma) pacTtBopsuii B (U3HOIOTHUECKOM pacTBope. KIeTKkn ObLIM CHATHI C
MOBEPXHOCTH KYJIbTYpanbHbBIX (1akoHOB pactBopoM 0,25% tpuncuna/0,02% DATA
(Invitrogen), mocie 4ero KISTKM BHOCHIW B JIYHKY C pPacTBOPOM ajbIMHATa B
KOJIMYECTBE S MIH/IYHKY ¥ aKKypaTHO TMHIIETHPOBATH IS PaBHOMEPHOTO
pacmpeneneHuss B 00beMe pacTBopa.

Tpancnaanmayus MCK sKkcnepumenmanbHblM JHCUBOMHBIM C NOBPEHCOSHUEM
xpawa.

B kaudecTBe sKCIIepUMEHTATBHBIX KHBOTHBIX OBUTH BHIOpAHBI KpONHMKHU. J[7s
WCCIIeIOBaHMs Opaiu KPOJUKOB CaMIIOB B BO3pacTe 6 MecsIieB BecoM 5-6 kr. beimo
npoBezicHO 6 oneparuii (2 - KOHTPOJIb, 4 - OTIBIT)

JIns KOHTpOJST TMPOBOAWIIM ONEpaIMI0 MO0 HAHECEHUIO naedekTa B 00J1acTh
roJOBKU OeapeHHOM KocTH 0e3 mocieayromei Tpancmiantauuun MCK. OnbeITHbIM
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’KMBOTHBIM TPOBOJWIIA TPAHCILIAHTAIMIO KCEHOTeHHBIX (dyemoBedecknx) MCK B
obmacte nedekra (N=2). B0 mpoBeneHO dUeThipe ormeparuu: okt Nel —
tTpaHcianTanus HeaudpepernupoBanabix MCK XX T B Buze cycniensuu (N=2), OIbIT
Ne 2 - tpancmuianranus HeaudpepernupoBanasix MCK XKT B ansrumatpukce (N=2).
Bce onepauuu npoBoguiau no eauHoMmy mnpoTokony. U3 paspesa mo 3aaHe00KOBOM
MOBEPXHOCTH JIEBOTO Oeapa, B MPOEKIUH OONBIIOTO BepTelia OSAPEeHHOM KOCTH,
MOCJIONHO pacceKaau MSATKHE TKaHWU. Bulaensuim Ta300eApeHHbIN CYyCTaB ¢ Kancynou
W BCKpBIBAJIIM Kamcyny cycrtaBa. lIpousBoamnu moJBbIBUX ToJIOBKH Oeapa. Ha
OTKpPBIBIICHCS CYCTaBHON MOBEPXHOCTH TOJIOBKM Oejpa, pacnaTopoM, HaHOCHIH
nedexT xpsma, miomaaso 0.5 cM’. B nedekT mo3aTopoM BHocwH cycrensuio 0.5
v cogepxkamryro MCK B kommuectBe 5 mutH. kietok (ombIT Nel) wimm MCK B
albIMHATHOM MATPUKCHOM HocuTene. Jlns ¢ukcanum TpaHCIIaHTaTa B 00JacTu
nedexra ucnosibzoBaau GuOpUHOBHIN Kiel. ['onoBka Oeqpa BOpaBiieHa B CyCTaBHYIO
Braauny. llloB kancynel cycraBa, JlpeHupoBanue, MOCIOWHBIN IIIOB PaHBI.

Anecme3sus. Onepanuio NPOBOJUIN O]l BHYTPUBEHHBIM HapKO30M PacTBOPOM
thoneHTasia  Hatpusa.  Muamykmms:  3-5wmr\kr, 20mr. ['nyOmHa  Hapkosa
Iy (xupyprudeckast cTaaus) IMOMICPKAHNE AHECTE3MH — BHYTPUBEHHO THOIICHTAI
Hatpust 20mr.

Pesynomamur u ux obcysrcoenue.

Knunuueckue pe3yivmanul 9KCNepUMEHMANbHbIX onepayuii no
mpancnaaumayuu MCK. JluHaMu4eCcKoe KIMHUYECKOe HaOII0IeHHE >KHUBOTHBIX
poOBOIWIH B TeueHue 12 Henenb. B Teuenme 3-x mHEH mocie onepanyy IpOBOIIIHA
obe30onmmBanue — B\M ketopodiak B mo3e 0.5 mi 1 pa3 B aeHs. B Teuenne 14 nueit
Mocjie TMPOBEJACHUS ONEpaluyd KPOJHUKU TOJNydaldu MNpOPUIAKTUYECKUE O3B
aHTHOMOTHMKA — OmmmimH 3 BWM B moze 1.5 M pa3 B tpu aas. s omucaHus
KJIIMHUYECKOTO COCTOSIHUSI TMOCIEONEPalMOHHBIX KUBOTHBIX OIEHHUBAJIM 0OIlee
cocrostare (OOIMI aHAIW3 KPOBH, TEMIIEpaTypa Teia), MOJIOKCHHE, JBIKCHUS B
CycTaBe, OMOPOCIOCOOHOCTh KOHEYHOCTH, CUIYy KOHEYHOCTH, 3aKUBJICHHE pPaHbI U
PEHTIE€HOJIOTUYECKHE CHUMKH B JUHAMUKE.

Obwee cocmosinue KOHTPOJIBHBIX M SKCIEPUMEHTAIBHBIX JKUBOTHBIX Ha
MPOTSHKEHUU JKCIIEPUMEHTAIBHOTO TEepHoaa ObUIO YIAOBJIETBOpUTEIbHOE. OOmunii
aHaJIU3 KPOBU U TEMIIEpaTypa Teja y BCEX AKCHEPUMEHTAIbHBIX )KUBOTHBIX OBLIU B
mpenenax HOPMBI B TedeHHe 12 pHEW mocie omepamud. a TeMIepaTypa Tela
JepKanach Ha BEpPXHEH rpaHUIIE HOPMBI B TEUCHHE BCEro IMepuoja HaOMIOJeHUsS —
39-40° C (nopma st kponukos 37,5 — 40).

Ilonoscenue: KOHTPOJIb - BBIHYXICHHOE, CTOMKas CMEIIaHHAas KOHTPaKTypa
Ta300€APEHHOTO M KOJICHHOTO CyCTaBOB ¢ 3-4 Hemenu, aHKWIO3 - ¢ 6-8 Hemenw;
onbIT Nel(MCK) - maccuBHoe no 12 nemenu; ombiT Ne2 (MCK Guomarpukc) -
aKTUBHOE C 4- 5 Hexenu.
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Jlsuocenus 6 cycmaee. KOHTPOJIb — JIBUYKEHUS HET, CTOWKas KOHTPAKTYpa,
ankmino3. (Konrtpaktypa ¢ 3-4 Hepenu, aHKWI03 — ¢ 6-8 Henmenn).
ombIT Nel (MCK) - nBrkeHUss yMEpeHHO OOJie3HEHHBbIC, 00beM MOJHBIA 0 12
Hepenu HaOmoneHus; onblT Ne2 (MCK OwomMaTpuWkc) — K KOHIY HaOJIIOJICHUS
JBUKEHUSI 0€300/1€3HEHHbBIE, B TIOJIHOM 00BEME.

Onopocnocobnocms. KoHTpob — HeT, ombIT Nel (MCK) — coxpaneHa, mpu
TBUKEHUU TIAJWIN KOHEYHOCTh B T€UCHHE BCETO IMepuoja HaOmoaeHus, ombIT No2
(MCK OnomaTpHKC) — cOXpaHeHa MOJIHOCTRIO K 7-8 Henelie HaOIio1eHH S,

Cuna. ompit Nel(MCK) — yMmepeHHOe CHIIKEHHE CHIIBI OIEePUPOBAHHOM
KOHCYHOCTH B CPaBHCHHH CO 3J0pOBOM B TeueHue HaOmropeHwus, onbiT Ne2 (MCK
OMoOMaTpUKC) - cOoXpaHEeHa, MPUMEPHO paBHA CHIJIC 3J0POBOM KOHEYHOCTH C /-8
HeJIeU HaOII0ICHUS.

Penumeenonocuueckue uccneoosanusi NMPOBOAWIM Ha MEPBOM M MOCIEIHEN
HEJIEJI€ UCCIIEOBAHUS.

Kontpons — Ha 1-if Henene uccne0BaHus BBISIBIACH JePEKT XPSAIIEBON TKaHH,
Ha 12-0i1 Henenme HAOMIONEHUS BBISBICHBI KOCBEHHBIC IPU3HAKKM OCTCOMHEINTA
OeIpeHHOU KOCTH.

KonTposib monoxutenbHeiii (0e3 nedekra) - cycTaBHas IICNIb HE M3MCHEHA,
CyCTaBHbIE MOBEPXHOCTHU TOJIOBKU OEAPEHHON KOCTU U JTHA BEPTIIYKHOMN BIIAJMHBI
KOHT'PYJHTHBL.

OnpiT Nel (MCK) - OmpepensieTcss HE3HAYUTEIHLHOE CY)KCHHE CYCTaBHOMN
nienr. CycTaBHBIE MOBEPXHOCTU TOJOBKM OEAPEHHON KOCTH W JHA BEPTIYKHOU
BIAIMHBl KOHTPYIHTHBI. SIBIIEHUS] YMEpPEHHOrOo CYOXOHAPaTIbHOTO OCTEOCKIIEpO3a
KPBIIIN BEPTIIY>KHOU BHaauHbl. HauanbHble mpU3HAKU KOKCapTpo3a.

OmnpiT Ne2 (MCK anprumatpukc) — Cy:keHUsI CyCTaBHOH IS HE ONPECIIICTCS.
CycraBHbIE MMOBEPXHOCTU TOJOBKU O€IPEHHOW KOCTU U JHA BEPTIY>KHOW BIIAJMHBI
KOHTPYSHTHBL. SIBJIEHUS HadalbHOrO CYOXOHAPAIBHOIO OCTEOCKJIEpO3a KPBIIIH
BEPTIY>KHOU BIAUHBI.

BriBonbl: B x0J1e TpOBEICHHBIX 3KCIEPUMEHTOB ObUIO MOKA3aHO, UTO JIYYIIUE
KIIMHUYECKUE PEe3yJbTaTbl BOCCTAHOBIICHUS TMOBPEXKIEHUS XPAIIEBOW TKaHU
nony4deHsl npu TpaHcmiantaun MCK XXT, 3akimto4eHHBIX B allbTHHATHBIA MaTPHUKC.
Knunnueckue pe3ynbTaThl TpaHcIuiaHTanuu Heauddepenuupopanubix MCK B
aTbIMHATHOM MATPUKCE YKA3bIBAIOT Ha 11€JIECO00PA3HOCTh NAIbHEHIIIETO U3yUeHUS U
MEPCINEKTUBbl MPUMEHEHUsI JAHHOrO crnocola JieueHusl mpu Jederrax XpsieBou
TKaHHU.
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