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OP,IIJ1HAPHhIE II AKTIIBMPOBAHHhIE OCTEOIIJIACTMqECKIIE MATEPIIAJlhl 

P.B. )Jeee) A.JO. )lpo6btULeeJ 11.fl. £030 

OAO «MHCTMTYT CTBOJIOBbIX KJieTOK t.JeJioBeKa >> ; fBOY BIIO «MocKOBCKMM rocy,IJ;apcTBeHHbIM 

Me,IJ;MKO-cToMaToJiorMT.JecKMM y m,rnepc11TeT MM. A .M. EB,IJ;OKMMOBa »; <PfBY «rocy,IJ;apcTBeHHbIJ/1 

Hayt.JHblJ/1 u,eHTP PocCMJ!lCKOJ/1 ¢ e,IJ;epaU,MM - ¢ e,IJ;epaJibHblJ!l Me,IJ;MIJ,MHCKMJ/1 6MO(pM3Mt.JeCKMJ!l u,eHTp 
MM. A.M. Byptta3.HHa » ¢MBA PoccMM, MocKBa , pep 

Ocmeon;wcmuLteCKUe Mamepuaflbl flBJlflJOmCfl BbLCOKO eocmpe6oeaHHbLMU e KflUHULfecKOU npaK
muKe Meau~UHCKUMU U3aefl UflMU, noKa3aHHbLMU aflfl 3aMell{eHUfl KOCmHbLX aerpeKmOB U BOC

nOJlHeHUfl y11,acmKOB amporpuu KOCmHOU mKGHU. Ha OCHOBe aHaflU3a coepeMeHHbLX 2pynn 

ocmeonflacmu11,ecKux Mamepua!loe, oco6eHHocmei1 ux cocmaea, MexaHU3Moe 6uoflo2u11,ecK020 
aeucmBUfl U noKa3aHUU K npuMeHeHU/0 npeaflo;)ICeHa npUKJlaaHafl KJl aCCUrpUKG~Ufl, 8 COOm

eemcmBUU C KOmOpOU Meau~UHCKUe U3aeflU5l pmaeflH JOmCfl HG opauHapHbte U GKmueupoeaH

Hbte. OcHOBHbtM aurprjJepeH~uaflbHbtM KpumepueM flBflJlemCfl HafluLtue e cocmaee MamepuaJ1a 
cmaHaapmu3upoeaHHblX no /WLf,eCmeeHHblM u KOflULf,eCmeeHHblM napaMempaM 6UOJW2ULfeCKU 
aKmUBHblX KOMnOHeHmoe: cjJaKmopoe pocma, KflemoK Ufl U ceHHbLX KOHCmpyK~UU, Koaupy10-

ll{UX rpaKmopbt pocma. Bbtpa:>1CeHHbte ocmeouHayKmueHbte u (uflu) ocmeo2eHHbte ceoucmea 
aKmueupoeaHHbtX ocmeonfl acmuLtecKux Mamepua!loe no3BOflflJOm pacc11,umbLBamb Ha ux 3r_/J
cjJeKmueHocmb npu 3GMell{eHUU npomR:JICeHHblX (o6beMHbtX) KOCmHblX aerpeKmoe. 

K J1 JO ye Bbl e C J1 0 Ba : OCTeorr11aCTHYeCKJ.1e MaTepHaJibl' 61-1011orw-IeCKJ.1 aKTl1BHhle KOM
noHeHTbl, cpaKTOpbl pOCTa, KJleTKH, reHHbie KOHCTPYKUHH. 

Ordinary and Activated Osteoplastic Materials 

R. V. Deev, A. Yu. Drobyshev, I. Ya. Bozo 
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Osteoplastic materials are highly required medical devices for bone defects substitution and 
filling the areas of bone tissue atrophy. Based on analysis of modern groups of osteoplastic 
materials, features of their composition, mechanisms of biological action, and indications for 
clinical use, the applied classification which divides the medical items into ordinary and activat
ed categories is proposed. The main differential criterion is the presence of certain biologically 
active components in the material composition: growth factors, cells or gene constructions encod
ing growth factors that are standardized by qualitative and quantitative parameters. Pronounced 
osteoinductive and (or) osteogenic properties of activated osteoplastic materials enable counting 
on their effectiveness in replacement of large bone defects. 

Key words : osteoplastic materials , biologically active components , growth factors , cells, 
gene constructions. 

KocTHOIIJiacT11qecK11e orrepau;1111 - o,z::i;tta 113 octtoB

HbIX COCTaBJIRJOllJ;J1X rrpaKTJ1KJ1 KaK B TpaBMa TOJIOfJ1J1 

J1 opTorre,z::i;1111, TaK J1 B qeJIIOCTHO-Jmu;eBOJ1 x11pypr1111. 
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BbICOKaR qacTOTa BbIIIOJIHeHMR TaKMX orrepa TMBHbIX 

BMewa TeJibCTB o6ycJIOBJieHa pacrrpocTpatteHHOCTbIO 11 

MHOroo6pa3MeM rra TOJIOfJ1qecKJ1X COCTORHJ1J1 , rrpMBO-
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,l];JU.IJ;J1 X K cpopMMp o Bamuo KOCTHbIX ,z:i;ecpeKTOB. Crre

u;v1cpw-recKyIO r p y rrrry ITOKa3aHMI1 K rrpMMeHeHMIO oc

TeorrnacTJ1qecKMX M a T e pv1anoB B TpaBMaTonorv1v1 v1 

opTorre,z:i;MM COCTaB m I IOT ,z:i;ereHepa TMBHO-)];MCTpO<pM

qecKMe 3a6oneBaHMR ITO3BOHOqHJ1Ka J1 KpyrrHbIX cyc

TaBOB, a B xv1pyprv1qecKOI1 CTOMaTonorMM J1 qenIOCT

HO-nMI.J;eB OI1 xv1pyprMM - a TpO<pMR anbBeonRpHoro 

OTpOCTKa BepxHeM qenIOCTM J1 anbBeOnRpHOI1 qacTM 

HM:>KHett qenIOCTM. 

TonbKO B CIIIA, no ,z:i;aHHbIM Hau;v10HanbHoro u;eH

Tpa CTaTMCTMKM 3,z:i;paBooxpaHe HMR , B 2010 r . Konv1qe

CTBO orrepau;v111 Ha KOCTRX M c y cTaBax COCTaBMnO 

4 MnH 3 9 2 TbIC. Ii13 HMX OKOno 1 M n H 6bWO BbIITOnHeHO 

Ha KOCTRX qeperra, KOHeqH OCTett, p e 6pax v1 rpy,z:i;MHe 

ITO ITOBO,z:i;y TpaBM, ITOCTTpaBMa TJ1qecKJ1X ,z:i;ecpopMal'(MI1 , 

OHKOnorv1qecKJ1X J1 BOCrranMTenbHbIX 3a6oneBaHMI1, a 

ew;e 1 MnH 394 T bIC . - ::rn,z:i;orrpoTe3MpOBaHMI1 cycTa

BOB HM:>KHMX KOHeqHOCTeM ( C y q e T OM peBJ13MOHHbIX 

BMernaTenbCTB). IIpv1qeM H e M e ttee qeM B 20-25% cny

qaeB Tpe6oBanOCb rrpMMeH e H Me OCTeo rrnaCTJ1qecKMX 

MaTepv1anoB. Konv1qecTBO CITOH,1J;Mn o ,z:i;e3 OB , B 6onbWMH

CTBe cnyqaeB BbIITOnHReMbIX C MCITOnb3OBaHMeM KOCT

HO3aMew;a10w;v1x MaTepv1anoB , COCTaBMno 500 TbIC. 

(BKnIOqaR 27 TbIC. peorrepau;v111), a q v1cno apTpo,z:i;e3oB 

- 21 TbIC. [ 1]. MHbIMM cnoBaMM , o 6w;ee KOnv1qecTBO 

orrepau;v111 C rrpMMeHeHMeM K OCTHO3 aMew;a10w;v1x Ma

Tepv1anoB COCTaBMnO He MeHee 1,3 -1 ,5 MnH. yqJ1TbI

BaR, qTo qv1cno 3KCrrnaHTal'(MI1 ayTOKOCTHbIX cppar

MeHTOB He rrpeBbICMno 207 TbIC. , ITOTpe 6HOCTb B OCTeo

rrnaCTJ1qecKJ1X Ma Tepv1a n ax CTaHOBMTCR oqeBM)];HOI1. 

B xv1pyprv1qecKOI1 CTOMaTo n o rMM J1 qenIOCTHO-nM

u;eBOI1 xv1pyprMJ1 ,z:i;nR ycTaHOBKM Kam,z:i;oro qeTBepTO

ro ,z:i;eHTanbH Or o MMrrnaHTa T a Tpe6yeTCR KOCTHaR rrna

CTMKa [2]. IIpM 3TOM, c o rnaCHO o u;eHKe KOMITaHMM 

« llITpayMaH » (fepMaHMR), TOnbKO B TaKMX CTpaHax, 

KaK MTanMR , Mcrra H MR , llIBe11u;apv1R , fepMaHMR, AB

CTpMR, Hv1,z:i;epnaH ,z:i;b1 , llIBel'(MR, IIopTyranMR, <PpaH-

1.'(MR, Benv1Ko6pv1TaH MR , KaHa,z:i;a , CIIIA, IOmHaR Ko

peR, HrroHMR, ABcT p anMR , Bpa3v1nv1R , PoccMR, Kv1-

Ta11, MH)];MR o6w;ee K On v1qecTBO ycTaHaBnMBaeMbIX B 

ro,z::i; (20 12) MMrrnaHT a TOB COCTaBnReT He MeHee 10, 7 MnH 

e,z:i;MHML(; J13 HMX B P o cCMM - OKOno 220 TbIC. (qTo , 

BepORTH O, B e CbMa 3 aHM:>KeHo) [3]. B 3TOI1 CBR3J1 rro

Tpe6HOCTb B OCTeorrnacTJ1qecKMX Ma Tepv1anax TOnbKO 

rrpM ,z:i;aHH OI1 Ka T ero pMM Me)];ML(MHCKMX ITOKa3aHMI1 co

CTaBnReT 6onee 2,5 MnH yrraKOBOK. 

Konv1qecTBO o,z:i;o6peHHbIX ,z:i;nR Knv1Hv1qecKoro rrpv1-

MeHe HMR Me)];ML(MHCKMX J13,1J;env111 J13 6v1ope3op6v1pye

M bIX Ma Tepv1anoB , ITOKa3aHHbIX ,z:i;nR 3aMew;eHMR KOC

T HbIX ,z:i;ecpeKTOB, B PocCMM COCTaBnReT 6onee 100. 3a 

p y 6emoM, a TaKme Ha CTa)];MRX 3KCrrepMMeHTanbHbIX 

J1 K nMHJ1qecKMX Mccne,z:i;oBaHMI1 MX KOnv1qecTBO B He

CKOnbKO pa3 6onbrne. QqeBM)];HO, qTo TaKoe MHOroo6-

pa3Me Ma Tepv1anoB ,z:i;nR KOCTHOI1 rrnacTMKM RBnReTCR 

pe3ynbTaTOM He TOnbKO BbICOKOI1 ITOTpe6HOCTM, HO J1 

OTCYTCTBMR YHMBepcanbHOro Me)];ML(MHCKOro J13,l];enMR, 

3cpcpeKTMBHOrO B 6onbWMHCTBe KnMHJ1qecKMX CMTya

L(J1I1. MMeHHO ocTeorrnacTJ1qecKJ1I1 Ma Tep Man ,z:i;ame B 

cnyqae rrpaBMnbHO cocTaBneHHoro rrnaHa neqeHMR, 

OITTJ1ManbHOro TeXHJ1qecKoro BbIITOnHeHMR orrepau;MM 
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C rrpMMeHeHMeM rrepe,z::i;OBbIX Me)];ML(MHCKMX TeXHOno

fJ1I1 MomeT rrpe,z:i;orrpe,n;enMTb Herrpe,n;cKa3yeMOCTb M B 

pR,z:i;e cnyqaeB Hey,n;oBneTBOpMTenbHbII1 pe3ynbTaT 

neqeHMR. 

MHoroo6pa3v1e BHe,z::i;peHHbIX B rrpaKTMKY v1 Haxo

,z:i;Rw;MxcR Ha pa3nJ1qHbIX CTa,D;MRX pa3pa60TKJ1 OCTeo

rrnaCTMqecKMX MaTepv1anOB Hym,n;aeTCR B CMCTeMaTJ1-

3al'(MM, ITO3TOMY yme OITMCaHbI BapMaHTbI pa3,n;ene

HMR MaTepv1anoB no rrpov1cxom,n;eHMIO, xv1Mv1qecKOMy 

COCTaBy, (pM3J1qecKMM CBOI1CTBaM J1 rrpoqMM OCHOBa

HMRM [ 4]. II pe,n;nomeHa TaKme xpoHonorv1qecKaR Knac

cv1cpv1Kau;v12 , pa3,n;en210w;aR Bee pa3pa6oTaHHbre oc

TeorrnacTv1qe cKv1e Ma Tepv1anb1 ,n;enRTCR Ha 5 rroKone

HMtt: KCeHO- , anno- J1 ayToreHHbie KOCTHbie cpparMeH

TbI , He rro,z::i;B e praBwv1ecR crreu;v1anbHOI1 o6pa6oTKe; 

KOHCepBMpoBaHHbie annoKOCTHbie MaTepv1anbr; aHa

norM KOCTHOI1 TKaHM CMHTeTJ1qecKoro J1 Ha TypanbHOro 

rrpov1cxom,n;eHMR , B TOM qv1cne c cpaKTopaMM pocTa; 

TKaHeMH:>KeHepHbie KOCTHbie rpaq:>Tbr ; reH-aKTMBMpo

BaHHbie o cTe orrnacTv1qecKv1e MaTepv1anbr [5 ). Be3yc

noBHO , BCe pa3pa6oTaHHbie CMCTeMbI norv1qHbI, HO 

MMeIOT nMWb TeopeTJ1qecKoe 3Ha qeHMe, He CBR3aHbI C 

Me,D;ML(MHCKMMM ITOKa3aHMRMM, a ITOTOMY He RBnRIOT

CR rro,z::i;crropbeM rrpM BbI6ope OITTMManbHOro Ba pMaHTa 

Me,D;ML(MHCKOr o M3,n;enMR B KOHKpeTHOI1 KnJ1HJ1qecKOI1 

CMTyau;MM. II PM 3TOM cyw;ecTByeT ITOTpe6HOCTb J1MeH

HO B rrpMKn a,n;HOI1 KnaccM<pMKal'(MM, KOTOpaR ITO3BO

nv1na 6bI o6'be,l];MHJ1Tb KaK TeopeTJ1qeCKJ1e acrreKTbI, 

Ba:>KHbie ,z::i;nR 6v10MaTepv1anoBe,n;oB, TaK J1 rrpaKTJ1qec

KMe OCHOBaHMR , Heo6XO)];J1Mbie BpaqaM. <PopMynv1poB

Ke J1 o6ocHOBaHMIO MMeHHO TaKOI1 CMCTeMaTM3al'(J1J1 

ITOCBRrn;eHa ,n;aHHaR pa6oTa. 

COBPEMEHHblE HAUPABJIEHJ1ll B PA3PAEOTKE OCTE

OilJIACTJ1qECKJ1X MATEPJ1AJIOB 

llepBoe mex1-lo.1w2u1.iec1we 1-lanpa6.1ie1-lue 06'be,n;v1-

HHeT a6conIOTHOe 6onbWMHCTBO BHe,n;peHHbIX B KnJ1-

HJ1qecKyIO rrpaKTMKY OCTeorrnaCTJ1qecKMX MaTepv1a

noB, He co,z::i; e pmaw;v1x 6v1onorv1qecKM aKTMBHbre KOM

rroHeHTbI , CTaH,n;a pTM3MpOBaHHbie ITO Ka qecTBeHHbIM 

M KOnJ1qecTBeHHbIM ITOKa3a Ten.HM. K ,n;aHHOI1 Ka Tero

pMM, KOTOpyIO MO:>KHO o603HaqJ1Tb TepMMHOM « op,n;M

HapHbie MaTepv1anbI » , OTHOCHTCH: annoreHHbII1 J1 KCe

HOreHHbII1 KOCTHbII1 Ma TPMKC pa3nJ1qHbIX TeXHOnorv111 

o6pa6oTKM(,n;eMMHepanM30BaHHbII1,)J;errpoTeMHJ13Mpo

BaHHbII1) [6] ; cpoccpaTbI Ka.Tibl'(MH (~-TpMKanbl'(J1H cpoc

cpaT [7], OKTaKanbl'(MeBbII1 cpoccpaT [8) v1 ,z:i;p.); HaTy

panbHbII1 MnM CMHTeTJ1qecKMI1 rv1,z:i;pOKCJ1arraTMT [9); 
CMHTeTv1qecKv1e (PLGA v1 T.,z:i;.) [10) v1 HaTypanbHbie 

(KonnareH, XMT03aH) opraHv1qecKv1e rrom1Mepb1 [ 11 ]; 
CMnMKaTbI [12); KOMITO3MTHbie M3,z:i;enMH J13 BbIWerre

peqJ1cneHHbIX Ma Tepv1anoB v1 ,n;p. 

I13BeCTHO, qTo OCTeorrnaCTJ1qecKMe MaTepv1anbI 

MoryT o6na,n;aTb pa3nJ1qHbIMJ1 CBOI1CTBaMM, 06ecrre

qJ1BaIOrn;MMM crreu;v1cpv1qecKoe BnMHHMe Ha perra pa TMB

HbIM OCTeOrMCToreHe3. K TaKMM CBOI1CTBaM OTHOCHTCH 

ocmeo'Ko1-lay'K?.f UJL, ocmeon pome'K?.f UJL, ocmeouHay'K-
1.fUJL, ocmeo2e1-l1-l0Cmb [ 13]. A6conIOTHOe 6onbWMHCTBO 

op,n;v1HapHbIX ocTeorrnacTv1qecKv1x MaTepv1anoB o6na

,z:i;aIOT r naBHbIM o6pa30M OCTeOKOH,n;yKu;MeM. HeKOTO-



BeCTHVIK TpaaMaTOflOTVIVI VI opTone,ll,VIVI VIM. H . H. npVlopoaa. 2015, Ng 1 

pbie J13 HMX (HanpMMep, ~eMr-rnepaJIM30BaHHbIM KOCT

HblM MaTpMKC, no.rryqeHHbIM B pe3yJibTaTe o6pa60TKJ1 

C J1CnOJib3OBaHMeM pa3JIJ1qHbIX TeXHOJIOfMM; cpoccpa

Tbl KaJibIJ;MH J1 np.) xa paKTepM3YIOTCH TaKme yMe

p eHHbIM OCTeOMH,z::t;YKTJ1BHblM ,z::t;eMCTBMeM, BepOHTHO, 3a 

cqeT onTMMaJibHbIX cpI13J1KO-XJ1MJ1qecKJ1X CBOMCTB J1 

(I1JIJ1) HaJIJ1qJ1H B COCTaBe MaTpMKCa Heonpe,z::i;e.rreHHO

ro, He CTaH,z::t;a pTI13MpOBaHHOro no Ka qecTBeHHblM J1 

K o.rr11qecTBeHHbIM napaMeTpaM cneKTpa 6110.rror11qec

KJ1 aKTMBHbIX Bew;ecTB [ 14]. OcHOBHOM MexaHJ13M MX 

~eMCTBJ1H o6yc.rrOBJieH HanpaBJieHMeM cpopMMpymw;e

rocH KOCTHOrO pereHepaTa, a npe,z::i;e.rr 3cpcpeKTMBHOCTJ1 

o rpaHJ1qJ1BaeTCH onTJ1MJ13au;MeM ecTeCTBeHHOro xo,z::i;a 

p enapaTMBHOro OCTeOrMCTOreHe3a, qTo onTMMaJibHO 

~ JIH 3aMew;eHMH KOCTHbIX ~ecpeKTOB C BbICOKMM ypoB

H eM aKTJ1BHOCTJ1 Ha TMBHblX OCTeOJ1H~yu;11pymw;11x 

cpaKTOpOB, HO He,z::t;OCTaToqHo ~JIH BOCnOJIHeHMH npo

TH.meHHbIX ( o6neMHbIX) KOCTHbIX ~ecpeKTOB. 

Y CTaHOBJieHO, qTo npOTH.meHHble ( o6neMHbie) KOC

T Hbie ,z::i;ecpeKTbl, KOTOpbie npe,z::t;CTaBJIHH)T cepbe3HYIO 

K JIJ1HJ1qecKyIO npo6.rreMy, xapaKTepM3YIOTCH «OCTeo

reHHOM He,z::t;ocTaToqHocTbIO » . Ocmeo2e1-l1-laJi 1-le8ocma
mo'l..{,1-l0Cmb - 3TO naTOJIOrJ1qecKoe COCTOHHMe, o6yc

JIOBJieHHOe HJ13KOM aKTJ1BHOCTbIO OCTeOJ1H,z::t;yu;11pym

w;11x cpaKTOpOB CJ1CTeMHOro J1JIJ1 JIOKaJibHOro ypoBHH 

( Ta6.rr. 1) 11 (I1JIJ1) MaJiblM KOJIJ1qecTBOM KaM6MaJibHblX 

K JieTOK B o6.rraCTJ1 noBpem~eHMH KOCTM , npM KOTOpOM 

e cTeCTBeHHbIM XO,z::t; pena pa TJ1BHOro OCTeOrMCTOreHe3a 

H e cnoco6eH 06ecneqJ1Tb no.rrHoro ee rMcTo- M opraHo

TJ1nJ1qecKoro BOCCTaHOBJieHMH [ 15 ]. 
IIp11qJ1Hbl OCTeoreHHOM He,z::t;OCTaToqHOCTJ1 MO.lli:HO 

pa3,z::t;e.JIJ1Tb Ha MeCTHbie J1 06w;11e. K nepBbIM OTHOCHT

CH pa3Mepb1 ~ecpeKTa, ero reoMeTpMH, KOJIJ1qecTBO 

CTeHOK [16]; noBpem,z::i;amw;MM cpaKTOp (BbICOKO- J1 HJ13-

K 03HepreTJ1qecKJ1e TpaBMb1), Ha.rr11q11e naTo.rror11qec

Koro Bocna.rrMTeJibHoro npou;ecca M cpaKTopoB, ero no,z::i;

~ep.m11Bamw;11x; HJ13KaH nJIOTHOCTb cpyHKIJ;J10HMpym

w;11 x cocy,z::t;OB reMOMMKpou;MpKyJIHTOpHoro pyc.rra B 

CT eHKax KOCTHOrO ~ecpeKTa J1 np. Cpe,z::t;M 06w;11x npM

q J1H BbI,z::t;eJIHIOT B03pacT [ 1 7], CO Ma TJ1qecKJ1e 3a6o.rre

Ba HMH (caxapHblM ~Ma6eT [18], OCTeonopo3 [19]) , Bpe,z::t;

Hble npMBblqKJ1 (KypeHMe) [20], npMeM .rreKapCTBeH

HblX npenapaTOB, HeraTMBHO BJIJ1HIOill;J1X Ha OCTeore

H e3 (u;MTOCTa TJ1KJ1 [21], B03MO.lli:HO, 611ccpoccp0Ha Tbl 

[22], xoTH cor.rracHo MeTa-aHa.rr113y D. Xue 11 coaBT. 

(2014) OTp11u;a TeJibHOro BJIJ1HHJ1H noc.rre,z::t;HMX Ha cpo

K J1 3a.mJ1BJieHJ1H nepe.JIOMOB BblHBJieHO He 6bIJIO [23]). 
TaKMM o6pa30M, Bee KOCTHbie ~ecpeKTbl MoryT 6bITb 

pa3,z::t;e.rreHbl Ha ,z::t;Be rpynnbl no OTCYTCTBJ1IO / HaJIJ1qJ1H) 

OCTeoreHHOM He~OCTa TOqHOCTJ1. IIepBbie OT JIJ1qaIQTCH 

BbICOKOM aKTMBHOCTbH) ecTeCTBeHHOro pen a pa TJ1BHO

ro npou;ecca, n03TOMY ~JIH COKpaw;eHMH cpOKOB .rreqe

HM H J1 no.rryqeHMH KOCTHOro pereHepa Ta 60.Jiblllero 

o6neMa B MX c.rryqae ,z::t;OCTa TOqHo onTJ1MJ13au;MJ1 pena

pa TMBHOM pereHepau;MM. ,I(ecpeKTbI C OCTeoreHHOM He

~OCTa ToqHOCTbH) xapaKTepM3YIOTCH HJ13KOM J1HTeH

CJ1BHOCTbH) OCTeOrMCTOreHe3a , B CBH3J1 C qeM Tpe6y

IOT He CTOJibKO OnTMMJ13au;MM, CKOJibKO J1H~YKIJ;J1J1 J1 

no,z::i;~epmaHMH ero Ha BbICOKOM ypOBHe , qTo MO.meT 

6bITb ~OCTMrHyTO TOJibKO npMBHeCeHMeM ~OnOJIHJ1-
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Puc. 1. O6o6r..u;eHHaJI KJiaCCJ,,1(pJ,,1Kau;MH C0BpeMeHHbIX 0CTe0-

TIJiaCTJ,,1qecKMX MaTepMaJI0B. 

TeJibHbIX cpaKTOpOB pocTa, cy6cTaHIJ;J1M, nOBbilllaIO

w;11x MX CJ1HTe3 , J1JIJ1 KJieTOK , cnoco6HbIX K MX npo

~YKIJ;J1J1. MHbIMJ1 CJIOBaMM , ~JIH BOCnOJIHeHMH KOCTHbIX 

,z::i;ecpeKTOB C OCTeoreHHOM He,z::t;OCTa TOqHOCTbH) op,z::t;MHa p

Hbie Ma TepMaJibI He3cpcpeKTJ1BHbI , TaK KaK Hecnoco6-

HbI npMBHeCTJ1 , CMO,z::t;eJIMpOBaTb B03,z::t;eMCTBJ1H cpaKTO

poB pery JIHIJ;J1J1 OCTeOrMCTOreHe3a. ,I(JIH 3TMX u;e.rreM 

OCTeon.rraCTJ1qecKJ1e Ma TepMaJibI COBMew;amT C KJieT

KaMM, cpaKTOpaMJ1 pocTa J1JIJ1 reHHbIMM KOHCTpyKu;M

HMM, MX KO,z::t;Mpymw;MMJ1. Co3~aHJ1e CJIO.lli:HbIX MaTe

pMaJIOB , co~epmaw;Mx 6110.rror11qecKJ1 aKTMBHbie KOM

noHeHTbI , J1 COCTaBJIHeT emopoe meX1-W.11,0e,U'l..{,eCK0e 
1-lanpaeAe1-lue, o6ne~MHHIOw;ee « aKTMBMpoBaHHbie Ma

Tep11a.rrb1 » . IIo np11po~e ocTeOJ1H,z::t;yu;11pymw;ero KOM

noHeHTa J13,z::t;e.JIJ1M pa3pa60TKJ1 MOryT 6bITb pa3,z::t;e.rre

HbI Ha TKaHeMH.lli:eHepHbie ' nocTreHOMHbie J1 reHHbie 

(pMC. 1 ). 

TKaneun:»Cenepnbte 
ocmeollJlacmu'lecKue Mamepu{lJlbt 

,I(aHHaH rpynna Ma Tep11a.rroB npe,z::t;cTaB.rreHa M3,z::t;e

JIMHMM, COCTOHill;J1MJ1 J13 ,z::t;Byx OCHOBHbIX KOMnOHeH

TOB : 611ope3op611pyeMoro HOCMTeJIH J1 )KJ1BbIX (ayTo

J1JIJ1 a.rr.rroreHHbIX) KJieTOK. OcHOBHaH 11,z::t;eH no,z::i;xo,z::i;a 

COCTOJ1T B BOCnOJIHeHJ1J1 yTpa qeHHbIX KaM6J1aJibHbIX 

pe3epBOB J1 nOBbillleHJ1J1 KOHIJ;eHTpau;MM OCTeOJ1H,z::t;y

u;11pymw;11x cpaKTOpOB B o6.rraCTJ1 J1MnJiaHTau;J1J1 Ma

Tep11a.rra. TpaHcn.rraHTMpOBaHHbie KJieTKJ1 B peu;MnM 

eHTHOM .rrome npM yc.rrOBJ1J1 BbICOKOM ,z::t;OJIJ1 BbI.lli:J1Bae

MOCTJ1 cnoco6Hbl OKa3a Tb 6.rraronpMHTHbIM TepaneB

TJ1qecKJ1M 3cpcpeKT 3a cqeT ,z::t;Byx MexaHJ13MOB ,z::t;eM

CTBMH: Henocpe,z::t;CTBeHHOro - ,z::t;I1cpcpepeHu;MpOBKJ1 B 

K0MMJ1TI1pOBaHHbie KJieTKJ1 noBpe.m,z::t;eHHbIX TKaHeM 

(noKa3aHO ,z::t;JIH ayToreHHbIX KJieTOK [24]) , a TaKme 

onocpe,z::t;oBaHHoro - na paKpMHHbIM 3cpcpeKT - pery

JIHIJ;MH MOpcpocpyHKIJ;MOHaJibHOM aKTJ1BHOCTJ1 ,z::i;pyrMX 

KJieTOK 3a cqeT npo~yKIJ;J1J1 6110.rror11qecKJ1 aKTJ1BHbIX 

Bew;ecTB - cpaKTOpOB JIOKaJibHOM pery JIHIJ;J1J1 0CTeo

fJ1CTOreHe3a ( CM. Ta6.rr. 1 ). Ba.mHO, qTo , no MHeHMIO 

MHOrMX aBTOp0B , MMeHHO napaKpMHHaH aKTJ1BH0CTb 

KJieTOK TKaHeMH.meHepHoro ocTeon.rracT11qecKoro Ma-
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Ta6n. 1. O c HOBHbte c/)aKTOpbt J10K811bH0 /11 perynRLJ, lll lll p e napaTIIIBH0, 0 0CTe0,IIICT0,eHe3a 

HasBam,1e 

BMP-2, 4 

BMP- 3 

BMP- 6 

BMP- 7 

BMP-9 

VEGF 

B JIM.HHMe Ha OCT e oreHe 3 

AKT J1Bau;11.r1 rrpOJIWpep au;m11, ,n;mpcpe p eHu;11p OBKJ1, 

CJ1HTe 3a KOMIIOHeHTOB KOCTH Or O M e:>K.KJieTOG:HOro 

Ma Tp11Kca 11 cpaKTopoB pocTa (VEG F , bFG F 11 
,n;p.) [117]. B MOJIOrMG:eCKOe ,n;eMCTBMe HJ1BeJI11p y 
eTCH BJIMHHMeM BMP-3 [11 8] 

IIo,n;aBJieH11e ,n;11cpcpepeHu;11p OBKJ1; CH J1:>K.eH11e a K 

TJ1BHOCTJ1 OCTeOrMCTOreHe3a [ 11 8] 

CH J1 :>K.eH 11e rrpOJIMcpepa TMBHOM aKTJ1 BH OCTJ1 

MMCK, aKTJ1Bau;11.r1 ,n;11cpcpep eHu;11p oBKJ1 [1 20] (B 
6oJibllieM cTerreH11, G:eM ,n;pyme BMP [ 121]) 

A KTJ1Bau;11.r1 rrpOJIJ1tj:)epau;1111, ,n;11cpcp e p eHu;11p OBKJ1 

J1 CJ1H T e3a KOMIIOHeHTOB KOCTHOro M e:>K.KJieTOG:

HOro MaTpMKCa [ 123] 

IlOBbillieHMe rrpo,n;yKIJ;J1J1 KOMilOHeHTOB KOCTH0r O 
Me:>K.KJieTOG:HOrO Ma Tp MKCa 6e3 Hera TMBHOM p e
r y JIHIJ;J111 co CTOpOHbI BMP-3 [125] 

Y BeJIJ1G:e H 11e rrpOJIMcpepa TMBHOM aKTJ1BH0CTJ1 , J1H

,n;yKIJ;J1.ff x e MOTaKCMCa no rpa,n;11e HTY KOHIJ;eHTp a 

u;1111 J1 ,n;11cpcpepeHu;11pOBKJ1 [ 127] 

¢aKTOp CTpOMaJib - M H,n;yKIJ;MH xoyMMHra KaM6MaJibHhlX KJieTOK ITO 
HbIX KJieTOK-1 rp a,n;MeHTY KOHIJ;eHTpau;1111, rro,n;aBJieHMe ,n;11cpcpe-
(SDF-l) peHu;11poBKJ1 [129] 

AHr11orro3TMH- l, 2 

3pv1TpOII03TJ1H 

CT11My JI.r1u;11.r1 ,n;11cpcpepeHu;11poBKJ1 M MCK B ocTe-
06JiacT11G:ecKoM HarrpaBJieHMM, MOHOIJ;MTOB - B oc
TeOKJiaCTbI , 6e3 yc11JieHJ1.ff MX aKTJ1BHOCTJ1 [132] ; 
y BeJI11G:eH11e rrpoJiv1cpepau;1111 XOH,ZJ;pOIJ;MTOB [1 33 ] 

OcHOBHOJil cpaKTOp poc- Y CMJieHMe rrpOJIJ1(pepau;1111 J1 rro,n;aBJieH Me ,n;11cpcpe-

Ta cpv16po6.rraCTOB p eHu;11pOBKJ1 [1 36] 

A K T J1Bau;11.r1 ,n;11cpcpepeHu;11pOBKJ1 J1 CJ1HTe3a KOM-

r e .rr a TO IJ; 11 T ap H bl M IIOH e HTOB KOCTHOrO Me:>K.KJieTOG:HOro Ma TPMK Ca 
cpaKTOp poem [1 38] 

MHcy JIMHorro,n;o6HbIM 
cpaKTop pocTa-1 

PDGF- AA 

PDG F-BB 

A HrMor eHMH 

IlOBbillieHMe M exaHOG:YBCTBJ1TeJibHOCTJ1 crreu;11aJIJ1-

311pOBaH HbIX KJieTOK , J1H,ZJ;YKIJ;J1.ff ,n;11cpcpe peHIJ;J1-

poBKJ1 vi CJ1HTe3a KOMIIOHeHTOB K OCTHOro Me:>K.

KJieTOG:HOro M a TpMKCa B OTB e T Ha qJI13 MG:e CKYIO 

Harpy3KY [ 141] 

He3HaG:MTeJibHOe y B eJIM G: e H Me rrpOJIJ1tj:)epau;1111 

11 ,n;mpcpep eHu;Mp OBKM, aKTJ1Bau;11.r1 xeMOTaKCMCa 

(B MeHblli eM CTerr eHM, G:eM rro,n; ,n;eMCTBMeM 
PDGF-BB) [14 3], rrOBbillieH11e ypoBHH rrpo,n;yK
u;1111 I GF-1 [144] 

A KTJ1Bau;11.r1 rrpoJI11cpepau;1111 J1 M11rpau;1111 KJieTOK 

[14 5] 

YBeJIMG:eHMe rrpOJIMtj:)epaTMBHOM aKTMBHOCTvl, CHJ1-
meH 11e ,ll;1i1cpcpepeHu;11pOBKli1 J1 CJ1HTe3a KOMIIOHeH

TOB KOCTHOro Me:>K.KJieTOG:HOrO MaTpMKCa [146] 

B .rrM.HHMe Ha aHrMoreHe3 

Bo3,n;eMCTB11e Ha 3IIK. CT11MyJI.r1u;11.r1 M11rpau;1,111 , 
rrpoJI11cpepau;1111 v1 cpopM11poBaH11.r1 Karr11JIJI.r1porro
,n;o6HbIX cTpy KTYP, yBeJI11G:eH11e 3Kcrrpecc1111 pe
u;errTOpoB VEG F 11 ANG-1 6e3 BJIMHHMH Ha ,n;11cp
cpep eHu;11poBKY J1 BbI:>K.MBaeMOCTb KJieTOK [119] 

AKTJ1Bau;11.r1 rrpoJI11cp ep au;1111 3IIK, opraH113au;1111 
Karr11JIJI.r1porro,n;o6HbIX cTpyKTYP [ 12 2] 

Y Cv1Jie H 11e rrpOJIJ1tj:)e pau;1111 3 H,ZJ;OTe JIMaJibHbIX KJie

TOK, IIOBbillieHMe ypoBH.ff rrpo,n;yKIJ;J1J1 peu;errTO
p OB VEG F , 11H,n;yKu;11.r1 o6pa30BaH11.r1 Karr11JIJI.r1po
rro,n;o6HbIX cTpyKTYP [124] 

A K T J1 Bau; 11 .r1 rrp OJI J1tj:) e pau;11 11 3H,ZJ;OT e JIMaJibHhlX 

KJieTOK , B TOM G:MCJie q e p e3 yBe JIMG:eHMe rrpo

,n;yKIJ;MM p e u;e rrTOpOB aHr11ore HHhlX cpaKTOpOB 

(VEGF 11 ANG- 1) [126] 

CT11My JI.r1u;v1.r1 rrpoJI11cpepau;1111 , ,n;11cpcpepeHu;11poB
K11, M11rpau;1111, cpopM11poBaH11.r1 Karr11JIJI.r1porro,n;o6-
HbIX cTpyKTYP, 11Hr11611poBaH11e arrorrTo3a 3H,ZJ;O
TeJI11aJibHbIX KJieTOK [128] 

A KT11Bau;11.r1 M11rpau;1111, rrpoJI11cpepau;1111 , a,n;re31111 
11 ,n;11cpcpep eHu;11poBKJ1 3IIK [130] 

A K T J1Bau;11.r1 ,n;11cpcpe peHIJ;MpOBKJ1, cpopM11poBaHJ1.ff 

M e:>K.KJi e TOG:HbIX KOHTaKTOB 3H,ZJ;OTeJIMaJibHbIMJ1 

KJieTKaMM B COCTaBe CTeHKM cocy,n;oB (cTa611JIJ1-
3au;11.r1 cocy ,n;oB) [ 131] 

CT11My JI.r1u;11.r1 rrpoJI11cpepau;v111 3H,ZJ;OTeJIMOIJ;li1TOB 
[134] 11 rrpo,n;yKu;1111 NO [135] 

Y c11JieH11e rrpoJI11cpepau;1111 11 rro,n;aBJieH11e ,n;11cpcpe
peHu;11poBKJ1 3IIK [137] 

AKT11Bau;11.r1rrpoJI11cpepau;111111 M11rpau;1111 [139], rro
,n;aBJieH11e arrorrT03a, yMeHbllieH11e rrpoH11u;aeMo
CTJ1 3 H,ZJ;OTeJIM.ff [140] 

AKT11Bau;11.r1 M11rpau;1111, rrpoJI11cpepau;1111 11 ,n;11cpcpe
p e Hu;11poBKJ1 3H,ZJ;OTeJIMaJibHbIX KJieTOK, MH,ZJ;yK

IJ;MH o6pa30BaHM.ff KaIIMJIJI.Hporro,n;o6HbIX CTpyK
TYP [142] 

MH,n;yKIJ;MH M11rpau;1111 rrepMIJ;MTOB , MX a,n;re3J1J1 J1 

BCTpa11BaHJ1.ff B CTeHKM cpopM11py10rn;11xc.r1 cocy

,ZJ;OB, aKT11Bau;11.r1 M11rpau;1111 3IIK [ 145] 

AKTJ1Bau;11H- M11rpau;1111, rrpoJI11cpepau;1111 11 06pa30-
BaH11.r1 Karr11JIJI.r1porro,n;o6HbIX cTpyKTYP [ 14 7] 

BbICB06om,n;eH11e 3H,ZJ;OTeJIMaJibHbIX KJieTOK 113 CTe
HOK cocy,n;oB, MX aKTJ1Bau;11.r1 , CTMMYJIHIJ;MH MJ1r

pau;1111 11 rrpoJI11cpepau;1111 [148] 

Tep MaJia HBJIHeTCH OCHOBHbIM MX MexaHI13MOM ,n;ei1-

CT BMH [2 5]. Cpe,n;M Har160Jiee 3HaqJ1MbIX ,D;JIH o6ecrre

qeHMH perrapaTMBHOro OCTeorMCTOreHe3a cpaKTOpOB , 

rrpo,n;yu;r1pyeMbIX TpaHCITJiaHTI1pOBaHHbIMI1 KJieTKaMM, 

CJie,n;yeT BbI,D;eJIMTb KOCTHbie MOpcporeHeTr1qeCKI1e 6eJI

KI1 (BMP), cocy,n;r1cTbIM 3H,D;OTeJIMaJibHbIM cpaKTOp po

cTa (VEG F) r1 cpaKTop cTpoMaJibHbIX KJieTOK (SDF-1 ). 
I1HTepeCHO, qTo 3a cyTKM 10 MJIH Me3eHXMMaJibHbIX 
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MYJibTMITOTeHTHbIX CTBOJIOBbIX KJieToK (MMCK) KOCT

Horo MO3ra B ycJIOBJ1RX in vitro rrpo,z:i;yu;r1pyIOT OKOJIO 

750 rrr/MJI VEGF, 1030 rrr/MJJ TGF~l [26], 220 rrr/MJI 
SDF-1 [27]; 10 MJIH OCTeoreHHbIX KJieTOK Ha,r:i;KOCTHM
LI;bl ceKpeTr1pyIOT B ,n;eHb ,r:i;o 40 Hr /MJI BMP-2 M 

200 rrr/MJI VEGF [28]. 
Kocm1--lble MopifJ02e1--lemu"-leC'1we 6e.11,Ku ( BMP) -

3TO rrpe,r:i;cTaBMTem1 ceMeMCTBa TpaHccpopMMpy10w;r1x 
cpaKTOpOB pocTa, OTKpbITbIX BO BTOpOM ITOJIOBMHe xx 
BeKa, 6J10JIOfJ1qecKoe ,n;eMCTBMe KOTOpbIX He orpaHM
lfMBaeTCR rrpe,r:i;eJiaMM KOCTHOM TKaHM. TaKoe Ha3Ba

HMe 6bIJIO ,r:i;aHO MM B CBR3M C TeM, qTO BrrepBbie 3TM 
6eJIKJ1 6bIJIJ1 o6Ha py.meHbl B ,n;eMMHepaJIM30BaHHbIX J1 
JIMO(pJ1JIJ13MpOBaHHbIX KOCTHbIX MaTpMKCax, J1MITJiaH

TMpOBaHHbIX B MblllIIJ;bl KpOJIJ1KOB M ITOKa3aBllIMX oc

TeOMH,LJ;YKTMBHbie CBOMCTBa [29]. 113 Bcex rrpe,n;cTaBM
TeJieM ceMeMCTBa BMP HaM6oJiee Bbrpa.meHHbIM BJIM
R HMeM Ha KJieTKM OCTeo6JiaCTJ1qecKoro ,r:i;McpcpepoHa 
06.Jia,n;aIOT BMP-2, 4, 6, 7 M 9, MeHbllIMM - BMP-3, 5, 
8, 10-15 [30]. 

CBR3bIBaHMe BMP co crreu;McpMqecKMMM MeM6paH
HbIMM TMp03MHKMHa3HblMJ1 peu;errTopaMM ( 1-ro J1 2-ro 

TMrra) rrpMB0,LJ;MT K cpoccpopMJIMpOBaHMIO BHYTPMKJie
T0qHbIX 6eJIKOB Smad-1 , 5, 8, Ka:>K,LJ;bIM M3 K0T0pbrx 
IT0CJie aKTMBaIJ;MM 06pa3yeT <<TpaHcrropTHbIM» KOMIT
JieKC co Smad-4, TpaHCJI0IJ;MpyIOr.u;MM MX B R,n;po KJieT
KM. B R,n;pe peu;errTopHbre 6eJIKM Smad yBeJIJ1qJ1BaIOT 
3 KCrrpeCCMIO reHOB , KO,[I;MpyIOr.u;Mx OCHOBHbie TpaHC

KpMITIJ;MOHHbie cpaKTOpbI, OTBeTCTBeHHbie 3a rrpM06-
p eTeHJ1e KJieTKOM «OCTe06JiaCTJ1qecKoro cpeHOTMITa » 
(p MC. 2) [30, 31]. K TaKMM TpaHCKpMITIJ;MOHHbIM cpaK
TopaM OTHOCRTCR Runx2 (runt-related transcription 
factor 2), J1JIJ1 KOp-CBR3bIBaIOr.u;MM cpaKTOp [31, 32], 
Msx2 [33] M Dlx 5 M 6 [34]. B3aMMO,n;eMCTBYR ,z:i;pyr c 
,r:i;pyroM J1 ,z:i;pyrMMM TpaHCKpMITIJ;M0HHbIMM cpaKTOpa
MM, TaKMMM KaK Osx (osterix) [35 , 36], OHM BJIMRIOT Ha 
T a preTHbie reHbl. B pe3y JibTa Te yBeJIJ1qJ1BaIOT rrpo

JIMcpepa TMBHYIO aKTMBH0CTb KJieT0K-rrpe,z:i;ruecTBeHHMIJ; 

(rJiaBHbIM o6pa30M, Msx2 [33]) , ,D;McpcpepeHu;MpOBKY B 
OCTeo6JiaCTJ1qecKOM HarrpaBJieHMM, a TaKme rrpo,r:i;yK
UMIO KOMITOHeHT0B KOCTH0fO Me:>KKJieToqHoro Ma TPMK
ca ( 0CTeoKaJibIJ;MH, KOCTHbIM CMaJiorrpoTeMH, w;eJioq

HaR cpoccpaTa3a, KOJIJiareHbI III M I TMrra) [35 , 37]. 
J/IHTepecHo, qTo MHrM6Mpyror.u;MM 3cpcpeKT Ha Smad
orrocpe,r:i;oBaHHoe ,r:i;eticTBMe BMP oKa3bIBaIOT ,z:i;pyrMe 
,r:i;Be cpopMbI Smad: 6 M 7 [38]. BHyTpMKJieTOqHbIM cMr
HaJihHbIM rryTb Smad He RBJIReTCR e,r:i;MHCTBeHHbIM ,n;JIR 

B MP [39), a ceMeMCTBOM TpaHccpopMMpyrow;Mx cpaK
TopoB pocTa (BMP MTG F-~) He J1cqeprrbrnaeTCR crrM

coK aKTMBaTopoB Smad M yKa3aHHbIX Bbrrue TpaHc

KpMrru;MoHHbIX cpaKTOpOB. 
Ba.mHo, qTo MyTaIJ;MM B reHax , KO,r:i;Mpy10w;v1x BMP-2 

MJIM KJIIOqeBbie BHYTPMKJieToqHbre 6eJIKM (Runx2 , 

M sx2, Dxl5, 6; Osx M ,z:i;p.) , 06ecrreqr1BaIOr.u;Me TpaHc

,r:i;yKIJ;MIO ero CMrHaJIOB, corrpOBO:>K,LJ;aIOr.u;MeCR Bbma,z:i;e
HMeM MX cpyHKIJ;MM (loss-of-function), rrpMBO,LJ;RT K pa3-

BMTMIO TR:>KeJibIX paccTpOMCTB , B fOMO3J1fOTHOM co

CTORHJ1J1 He COBMeCTMMbIX C )KJ13HbIO. TaK, pe3y JibTa

T0M reHeTMqecKM o6ycJIOBJieHHOM He,n;ocTaToqHOCTM 

BMP-2 RBJIRIOTCR rrOBbirueHHaR xpyrrKOCTb KOCTeti, 
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Hapyrue HMR 3HXOH,n;paJibHOfO OCTeore He3a M MMHepa

JIM3aIJ;J1M KOCTHOfO MaTpMKCa [ 40]. IlpM 3TOM TOJibKO 
cpyHKIJ;MR BMP-2 He MO:>KeT 6bITb KOMITeHCMpOBaHa 
pa60TOJ1 ,n;pyrMX 6eJIKOB: ceJieKTMBHOe «BbIKJIIOqeHMe» 
,r:i;pyrnx cpaKTopoB ceMeMCTBa BMP ( 4 , 7) He oKa3bIBa
e T cyw;ecTB e HHOfO BJIMRHMR Ha fMCTO(pJ13J10JIOfMIO 

KOCTeM CKeJieTa, XOTR corrpoBom,z:i;aeTCR rraTOJIOfJ1qec
KOJ1 CMMITTOMa TMKOM co CTOpOHbl ,z:i;pyrMX opraHOB J1 
CMCTeM(MoqeBhl,LJ;eJIMTeJibHaR, cep,z:i;eqHo-cocy,n;MCTaR 
M ,n;p. ) [41 , 42]. «Bbma,n;eHMe» a-cy6oe,LJ;MHMIJ;bl KOp
CBR3bIBaIOw;ero cpaKTOpa B CBR3J1 C M y Tau;MeM rrpM 

ycJI0BMM coxpaHeHMR M,LJ;eHTJ1qHOJ1 eM ~-cy 6oe,LJ;MHJ1-
u;bI (Runx2+/-) rrpMBO,[I;MT K cpopMMpOBaHMIO KJieti,z:i;o

KpaHMaJibHOM ,Ll;MCITJia3MJ1 (,LJ;M30CT03a) [ 43], a reHOTMIT 
Runx2-1- HeCOBMeCTMM c )KJ13Hbl0 [ 44]. MyTaIJ;MM B reHe 

M sx2 RBJIRIOTCR reHeTMqecKOM OCHOBOM ayTOCOMHO
,[I;0MMHaHTHblX KpaHM0CMHOCT030B [ 45]. 

Cocyaucmblu :m8ome.11,uQ,.11,b1--lblU gjaKmop pocma 
(VEGF) - ceMeMCTBO 6MoJiornqecKM aKTMBHbIX 6eJI
KOB , BrrepBbie BbI,LJ;eJieHHbIX J. Folkman M coaBT. B 
1971 r . [ 46], KOTOpbie cqJ1TaIOTCR O,LJ;HMMM J13 OCHOB
HbIX ayTo- J1 rrapaKpMHHbIX cpaKTOpOB peryJIRIJ;MM Bac
KYJIO- , aHrno- (VEG F-A, B ; PIG F ) M JIMMcporeHe3a 
(VEGF-C, D ); Bbrpa6aTbIBaIOTCR KJieTKaMM Bcex TKa
HeM opraHM3Ma , BKJIIOqaR 3ITMTeJIMaJibHbie. 

B ITOCTHaT aJibHOM rrepMo,n;e pa3BMTMR qeJIOBeKa 

HaJ160Jib11Iee BJIMRHM e Ha cpopMMpOBaHMe KpOBeHOC
HbIX cocy,r:i;oB oKa3hrnaeT VEGF-A (M3ocpopMbI 121 , 
145 , 148, 165 , 183, 189, 206 ) [47]. O6Hapy.meHbl TPM 
TMrra peu;errTopoB VEGF : 1-tr M 2-tr TMIT BOBJieqeHbI B 
aHrMoreHe3 , 3-M - B o6pa30BaHMe JIMMcpaTMqecKMX 
cocy,r:i;oB. IlpM 3TOM peu;errTop 1-ro TMrra 06.Jia,n;aeT 
60.JibrueM acpMHHOCTbIO K VEG F , o,n;HaKo ero TMpa3MH
KMHa3HaR aKTMBHOCTb ropa3,LJ;O HM.me , qeM y peu;err

Topa 2-ro TMrra , qTo pacu;eHMBaeTCR KaK O,Ll;MH M3 pe
ryJIRTOpHbIX MexaHM3MOB, rrpe,n;OTBpaw;a10w;:v1x M36bI
TOqHyIO aKTMBHOCTb VEG F. CooTBeTCTBeHHO MMeHHO 

qepe3 peu;errTOp 2-ro TMITa B HOpMe peaJIM3YIOTCR 

! c'!>occj,op11,mposam1e 

CBH3 bIBa m 1e co SMAD-4 ,n;JIH 

T p aHCJIOKaIJ;I1J1 B H,n:po KJieTKv! 

AKTMBa IJ:MH 

Runx2 , 
Msx 2, 

Dix-5, 6 

t rr p om1cpepa1.J:I1H 

t OCTe06JiaCTW-!eC 

KaH ,n:McpcpepeH 

IJ:v!pOBKa 

t rrpo,n:yKIJ:v!H 

KOMITOHeHTOB 

KOCTHOfO 

Me:>KKJieTO'-!HOfO 

MaTpv!KCa 

Puc. 2. CxeMa BHYTPMKJieTOY:Hor o SMAD-orrocpe,n:oBaHHoro 

rryTM Tpattc,n:y K~MM ci1rnaJIOB BMP. 
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8 cpcpeKTbI VEGF [ 48 , 49]. IIocJie B3aJ1M o,z:i;e1,1cTBJ1R 

V EG F co c rre QJ1Q)J1qe cKJ1M peQerrTopoM 2-ro TMrra rrpo 

J1cxo,n;J1T ayTocpo ccpopMJIMpoBaHMe ero BHYTPMKJieToq

HbIX TI1p 0 3J1HOBbIX caMTOB (Y95 1 , 1054, 1059, 11 75, 

1214) KJ1Ha3HbIX J1 Kap60KCJ1TepMJ1HaJibHOr o ,ll;OMeHOB 

[50], KOTOpbie aKTJ1BMPYIOT pR,n; BHYTP MKJieToqHbIX 

6eJIK OB, TaKMX KaK cpo ccpoJIMIIa3bI C y , C~3 , a,z:i;arrTep

Hbie 6eJIKM SRK , NCK, S H B , S CK J1 ,z:i;p ., RBJIR IOIIJ;Me 

cR rrepBbIMJ1 3BeHbRM J1 CJIO:>-KH bIX KacKa,n;oB T p a Hc,n;yK 

QJ1J1 CMrHaJIOB , J13MeH RIOIIJ;J1X MOpcpocpyHKQ J10H aJibHOe 

COCTORHJ1e KJie TOK- MJ1lIIeHeJ1 (rJiaBHbIM o6pa30M, 8H

,1J;OTeJIJ1aJibHbI X ). B qac THOCTM, cpoccpoJIJ1rra3a C y rM,z:i; 

poJIM3MpyeT MeM6paHHbIM cpoccpoJIJ1IIJ1,n; PIP 
2 

c o6pa-

30BaHMeM ,1J;J1a QJ1Jif JIMQepoJia J1 J1H03J1TOJI-1 , 4 , 5-TpM

cpoccpa Ta, y BeJIJ1q J1Bamw;e r o BHYTPMKJieToqHoe co,z:i;ep 

maHMe KaJibQJ1R , KOTOpbie BMecTe aKTJ1BMPYIOT rrpo

TeJ1HKJ1Ha3y C , KOTOpaR B CBOIO oqepe,z:i;b 3arrycKaeT 

IIOCJie,n;oBaTeJibHY IO a KTJ1BaQJ1IO CMr Ha JibHOf O IIYTM 

RAS-ER K, rrpMBO,n;Rw;ero K J1H,n;yKQJ1J1 MMT03a. B pe-

3 y JibTa Te IIOBbilIIaeTCR rrpOJIMQ)epa TJ1BHaR aKTJ1B

HOCTb 3H,ll;OTeJIJ1aJibHbIX KJieTOK [ 49]. <PoccpoJIMIIa3a 

C~3 yqaCTByeT B IIOJIJ1Mep M3aQJ1J1 aKTJ1Ha J1 cpopMI1-

p o BaHJ1J1 cTpecc -cpI16pMJIJI , 06ecrreqJ1BaIOw;J1x MMrpa

QMIO J1 ,ll;BMraTeJibHYIO aKTJ1BHOCTb KJieTOK B QeJIOM 

[51]. "9:epe3 aKTJ1BaQJ1IO CMrHaJibHOfO IIYTM «cpoccpoI1 -

H03J1TJ1,ll; - 3 - KJ1Ha3a - rrp o TeJ1HKJ1Ha3a B » (PI3K/ AKT) 

VEG F 6JIOKMpyeT arrorrT03 , J1HrJ16MpyR Kacrra3bI 3, 7 

J1 9 , TeM c a MbIM IIOBbilIIaR BbI:>-KJ1BaeMOCTb KJieTOK. 

KpoMe Toro, o cb PI3K / AKT c rroMOIIJ;b IO MOHOB KaJib 

QMR MO,lJ;YJIMp y eT p a 6oTy 8H,1J;OTeJIJ1aJib HOJ1 N O-CJ1H

Ta3bI, qTO corrpOBO:>-K,n;aeTCR y BeJIJ1qeHJ1eM rrpo,z:i;yKQJ1J1 

NO J1 rrOBbilIIeHMeM rrpoHJ1QaeMOCTJ1 cocy,z:i;oB , qTo RB 

JIRIOIIJ;MMMCR H eo6X0,1J;J1MbIM 3BeHOM B aHrMoreHe3e 

(pMc. 3) [5 2 , 53]. T aKMM o6pa30M, V EGF q epe3 c rreQJ1 -

cpJ1qecKJ1J1 peQeIITOp 2-ro TJ1IIa J1H,1J;YQMpyeT aKTJ1Ba 

QJ1IO, MMrpaQMMIO, rrpoJIMcpepaQMIO J1 ,n;McpcpepeHQM

poBKY 8H,1J;OTeJIJ1OQ J1TOB J1 J1X KJieTOK-rrp e,z:i;lIIeCTBeH

HJ1Q, IIOBbilIIeHMe BbI:>-KJ1BaeMOCTJ1 KJieTOK, qTo B coqe 

T aHJ1J1 C M0,1J;Y JIRQJ1eJ1 MemKJieToqHbI X B 3 a J1 M 0,1J;eJ1 -

CTBJ1J1 J1 IIOBbilIIeHJ1eM rrpOHJ1QaeMOCTJ1 c o c y ,z:i;oB CJiy

:>-KJ1T Heo6X0 ,1J;J1MbIMJ1 ycJIOBJ1RMJ1 cpopMI1p OBaHJ1R Ka

IIJ1JIJIRporro ,z:i;o 6HbIX CTPYKTYP c rrocJie,z:i;ym w;MM peMo 

,z:i;eJIMpoBaHMeM B «3peJibie » c o cy,n;bI [ 4 9-54]. B CBR3J1 

+ 
. . ' . . . 

. 
t rrpom11..1;ae-

t MHT03 ~ ,;,. ! 3IIOIIT03 MOCTb cocyl(OB 

Puc. 3. CxeMa BHYTPMKJieT0'9:Horo KacKa,n;Horo nyTM Tpattc

,n;yK~MM cv1rHaJIOB VEG F. 
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C TeM qTo B cJiyqae KaK rrepBJ1qHoro , TaK J1 BTOpJ1qHo

ro o cTeor McToreHe3a MMeHHO c o cy,n;bI , rrpopacTaIOw;Me 

B pbIXJIYIO BOJIOKHMCTYIO c oe,n;MHMTeJibHYIO J1JIJ1 xpR

w;eByIO TKaHb , C03,l];aIOT Heo6X0,1J;J1Mbie ycJIOBJ1R ,ll;JIR 

,ll;I1cpcpepeHQI1p OBKJ1 p e3M,1J;eHTHbIX K JieTOK B OCTeO-

6JiaCTJ1qecKOM Ha rrpa BJieHMM, a TaKme ,ll;JIR MJ1rpaQJ1J1 

KaM6J1aJibHbIX p e3epBOB (rre pMBaCKYJIRpHO J1 C Kpo

BOTOKOM) , VEGF-A MomeT paccMaTpMBaTbCR KaK He

rrp RMOM OCTeOJ1H,1J;Y QMpy mw;J1J1 cpaKTOp . 

IloMMMO orrocpe,z:i;oBaHHoro q e p e3 aHrMoreHe3 BJIM

HHMH VEG F oKa 3brnae T J1 rrpHMOe CTMMY JIMpymw;ee 

,z:i;eMCTBJ1e Ha KJieTKJ1 OCTe 0 6 Jia CTJ1q e c Koro ,1J;I1Q)cpepo

Ha , KOTOpbie He TOJibKO rrpo,z:i;yQMp y IOT VEGF [55], Ho 

J1 8KCrrpecc Mp y IOT ero p eQeIITOpbI 1-ro J1 2 -ro TJ1IIOB 

KaK B 8M6pMor e He3e [5 6 ], TaK J1 B IIOCTHaTaJibHOM rre

pMo,z:i;e pa3BJ1TJ1H [ 5 7]. IloKa3aHO, qTo rro,z:i; B03 ,1J;eMCTBJ1-

eM VEG F rrpoJIMcpepaQMR KaM6MaJibHbIX KJieToK KOCT

HOM TKaHM 3Ha q J1TeJibHO (,z:i;o 7 0% ) y BeJIJ1qJ1BaeTCR, a 

TaKme aKTJ1BMp yeTCR M J1rpaQJ1R OCTeoreHHbIX KJie

T0K no rpa,z:i;MeHTY KOHQeHTpaQMM VEG F [ 5 8]. 
B IIOCJie,1J;HJ1e f O,ll;bI IIOMJ1MO KaHOHJ1qecKoro, pe

QeIITOpHor o, MexaHM3Ma ,n;eM CT B MR VEG F Ha MaJio

,n;McpcpepeHQMp o BaHHbie KJieTKJ1 OCTe o6JiaCTJ1qecKO

r o ,n;McpcpepoHa, paccMaTpMBae TcR rrpMHQJ1IIJ1aJibHO 

J1HOJ1 MexaHJ13M , K OTOpbIM o603HaqaIOT KaK «J1HT

paKpI1HHbIJ1 » . IIo ,n;TBepm ,z:i;eHMeM 8TOMY CTaJIM pe-

3y Jib Ta Tbl J1CCJie,1J;OBaHJ1J1, rrpo,z:i;eMOHCTpI1pOBaBlIIJ1X , 

qTo rrporeHJ1TOpHbie KJieTKJ1, KOMMJ1TI1pOBaHHbie B 

OCTeo6JiaCTJ1qecKOM HarrpaBJieHJ1J1 ( 8KCIIpeccMpyIO

w;J1e Osx) , CMHTe3MP YIOT VEG F He TO-JibKO «Ha 8Kc

rropT» , HO M ,n;JIR o6ecrreqeHMR co6cTBeHHOM ,n;Mcpcpe

peH~MpoBKM B OCTeo6JiaCTJ1qecKOM HarrpaBJieHJ1J1 

[59]. TaK, Y. Liu J1 coaBT. [60] MCCJie,n;oBaJIM KYJibTY

pbI MMCK KOCTHoro M03ra , rroJiyqeHHbie OT 3,z:i;opo

BbIX Mbi lIIeM ( K OHTpOJib) J1 OT )KJ1BOTHbIX C « lost-of

f unction» MyTaQJ1eJ1 reHa , KO,n;Mpymw;ero VEGF. 

OKa3aJIOCb , qTo KJieTKJ1 8KCrrepMMeHTaJibHOJ1 rpyrr

IIbl B 3HaqJ1TeJibHO MeHblIIeM CTerreHM , qeM KOHT

pOJib HOJ1 IIO,1J;BepraJIJ1Cb ,1J;I1Q)cpepeHQI1pOBKe B OCTeo-

6Jia CTJ1qecKOM HarrpaBJieHJ1J1, rrpM 8TOM J1X a,n;J1IIO

reHHbIJ1 IIOTeHQMaJI IIOBbilIIaJICR. ,Uo6aBJieHJ1e peKOM-

6J1HaHTHOfO VEGF B cpe,z:i;y KYJibTMBMpoBaHMR «My

TaHTHhlx » KJieTOK He rrpMBO,1J;J1JIO K HOpMaJIJ13aQJ1J1 

,1J;I1Q)cpe p e HQI1pOBOqHoro IIOTeHQMaJia , TaK me KaK J1 

,z:i;o6aBJieHJ1e aHTMTeJI , 6JIOKMpyIOIIJ;J1X peQeIITOpbI 

VEG F , B KOHTpoJie He corrpoBom,z:i;aJiocb Hera TJ1BHbI

MJ1 8cpcpeKTaMJ1. O,z:i;HaKO IIOCJie TpaHccpeKQJ1J1 KJie

TOK 8KcrrepMMeHTaJibHOJ1 rpyrrrrbI peTpOBMPYCHblM 

BeKTOpOM C re HOM vegf' rrpJ1Be,z:i;lIIeJ1 K IIOBbilIIeHJ1IO 

BHYTPMKJieToqHoM KOHQeHTpaQMM 6eJIKa VEG F , Ha-

6Jim,n;aJiocb yBeJIJ1qeHJ1e OCTeoreHHbIX c O,ll;HOBpeMeH

HbIM CHJ1JKeHJ1eM a,z:i;MrroreHHbIX IIOTeHQJ1J1. 

TaKMM o6pa30M, VEG F o6Jia,z:i;aeT lIIMpOKMM crreK

TpoM ,z:i;e:tiCTBJ1R Ha KJieTKJ1 8H,1J;OTeJIJ1aJibHOfO J1 Me-

3eHXJ1MaJibHbIX KJieToqHbIX ,1J;I1Q)cpepoHOB , BOBJieqeH

Hbie B perrapaTJ1BHbIJ1 OCTeOrJ1CTOreHe3, OKa3bIBaR KaK 

orrocpe,z:i;oBaHHoe qepe3 aHrMoreHe3 cTMMY JIMpymw;ee 

BJIJ1RHJ1e ' TaK J1 Herrocpe,z:i;cTBeHHOe J1H,1J;YQMpym~ee 

,z:i;e:tiCTBMe Ha KJieTKJ1 OCTeo6JiaCTJ1qecKOJ1 JIJ1HJ1J1 t.Je

pe3 peQeIITOpHbie J1 J1HTpaKpI1HHbie MexaHJ13MbI. 
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<Pa1<;mop cmpO.MaJl,b1iblX 'K.11,emoK SDF (CXCL12) 
- 6eJIOK, OTHOCRII.I;I1HCR K rpyrme xeMOKMHOB, rrpe,n;
CTaBJieHHbIH ,n;ByMR cpopMaMM, o6pa3yIOI.IJ)1MMCR B 
pe3yJibTaTe aJibTepttaTMBHoro crrJia:ticMHra: SDF-lcx 
(89 aMMHOKMCJIOT) M SDF-1~ (93 aMMHOKMCJIOTbI) [61]. 
IIoKa3aHa ero rrpo,n;yKIJ;MR KJieTKaMM KOCTHOro MO3ra, 

cpM6po6JiaCTJ1qecKoro M ocTeo6JiaCTJ1qecKoro ,n;Mcpcpe
p oHOB, rrepMBacKy Jiou;MTaMM. 

OcHOBHbIM peu;errTopoM SDF RBJIReTCR CXCR4. 
II pM o6pa3oBaHMM KOMrrJieKca c JIMraH,n;oM rrpoMc
x o,n;MT aKTMBaIJ;MR BHYTPMKJieToqHoro G-6eJIKa, co
CTORrn;ero M3 Tpex cy6oe,n;MHMIJ; ( ex, ~' y), c ero pa3-
,n;eJieHMeM Ha reTepo,n;MMep G~/y M MOHOMep Ga (4 
J.1 30<:pOpMbI), Kam,n;bIM J.13 KOTOpbIX MHMIJ;MMpyeT KaK 

p a3JIW:-IHbre, TaK M o6rn;Me BHYTPMKJieT011Hbre rryTM 
TpaHc,n;yKIJ;MJ.1 CMrHaJIOB. TaK, G~/y aKTMBMpyeT cpoc
cpOJIMITa3y Cy, KOTOpaR, KaK 6bIJIO OITMCaHO BbIIIle, 
y BeJIM11MBaeT BbIXO,LI; MOHOB KaJibIJ;MR J.13 BHYTPMKJie

T O11HbIX ,n;erro J.1 11epe3 pR,n; ITOCJie,n;oBa TeJibHbIX 3Be

HbeB aKTMBMpyeT MAPK (mitogen-activated 
p rotein kinase), KOTOpbre B CBOIO 011epe,n;b 3arrycKa
IOT xeMOTaKCMC (pMC. 4) [62]. KpoMe Toro, rro6ym,n;e
HJ.1e KJieTKJ.1 K MMrpaqMM 06ecrre11J.1BaeTCR TaKme 
qepe3 aKTMBaqMIO PI3K, a K rrpoJIMq:>epaqMM - 11e

p e3 p38 [63]. TpattcKpMrru;MoHHbIM cpaKTop NF
k appa B , ypoBeHb KOTOporo yBeJIM11MBaeTCH rro,n; 

,n;e:wcTBMeM SDF-1 , MMeeT rnMpOKMM crreKTP ,n;e:w
CTBMR 3a c11eT ITOBbIIIleHMH 3KCrrpecCMJ.1 JII06oro J.13 
6oJiee 11eM 200 TapreTHbIX reHOB, KO,n;MpyIOrn;Mx 6eJI

K M, BOBJie11eHHbie B pery JIRIJ;MI-0 rrpOJIMcpepaqMM , 

,n;McpcpepeHqMpOBKJ.1 M MMrpaqMM KJieTOK [ 64]. B am
HO OTMeTMTb, '-ITO, corJiaCHO COBpeMeHHbIM ,n;aHHbIM, 
NF-kappa B B u;eJIOM MHrM6MpyeT ocTeoreHe3 11e

p e3 rro,n;aBJieHMe ,n;McpcpepeHqMpOBKM KaM6MaJibHbIX 
KJieTOK ocTeo6JiacTM11ecKo:ti JIMHMM. B 3TOH CBR3M 

SDF-1 , rrpo,n;yu;MpyeMbIM ocTeo6JiacTaMM 30HbI rro
B pem,n;eHMR [65] , crroco6eH OKa3bIBaTb ,Ll;BORKOe BJIJ.1-
RHMe: C O,Ll;HOM CTOpOHbI, MH,n;yu;MpOBaTb xoyMMHr Ma
JIO,Zl;McpcpepeHu;MpOBaHHbIX KJieTOK , B TOM 11MCJie 

M MCK, K u;eJieBo:ti 30He [66], a c ,n;pyro:w - MHrM6M

p oBa Tb MX ,n;McpcpepeHqMpOBKY B OCTe06JiaCTM11eC
KOM HarrpaBJieHMJ.1. O,n;HaKO eCTb OCHOBaHMR ITOJia
ra Tb, '-ITO B opraHM3Me orrpe,n;eJieHHbie 3cpcpeKTbI, He
m eJia TeJibHbie B KOHKpeTHbIH rrpoMemyTOK BpeMe

HM, MoryT 6bITb HMBeJIMpOBaHbI ,n;pyrMMM cpaKTOpa
M M. B 11aCTHOCTJ.1, ITOKa3aHO, '-ITO aKTMBMpOBaHHbie 

6eJIKM Smad ( 1, 5) crroco6Hbr MHrM6MpoBa Tb rrpo
,n;yKIJ;MI-O ocTeo6JiacTaMM SDF-1 [67]. B cpa3bI Bocrra
JieHMH, Kor,n;a aKTMBHOCTb 6eJIKOB BMP CHMmeHa, 

ocTeo6JiaCTbr aKTMBHO ceKpeTMPYIDT SDF -1 , 11To6br 

rrpMBJie11b ITO rpa,n;MeHTY KOHIJ;eHTpau;MM xeMOKMHa 

B o6JiaCTb KOCTHOrO ,n;ecpeKTa ,n;orrOJIHMTeJibHbie KaM-
6MaJibHbie pe3epBbI , a TaKme 3H,Ll;OTeJIMaJibHbie 

KJieTKM-rrpe,n;rnecTBeHHMIJ;bI. C rrepexo,n;OM me BOC

CTaHOBMTeJibHOfO rrpou;ecca B CTa,D;MI-0 pereHepaqMM, 
c pocToM ypoBHeM BMP-2 M 7 M rro,n; MX ,n;e:wcTBMeM 

ocTeo6JiacTbI rrpeKparn;aI-OT rrpo,n;yKIJ;MI-O SDF -1 , crro

co6Horo MHrM6MpOBaTb ,n;McpcpepeHu;MpOBKY MMrpM
poBaBWMX KJieTOK-rrpe,n;rnecTBeHHMIJ; B OCTe06JiaC
TbI. Ha I1O3,Ll;HMX 3Tarrax CTa,n;MM pereHepaqMM M B 
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xo,n;e peMo,n;eJIMpOBaHMR HOB006pa30BaHHOfO KOCT
HOfO pereHepaTa, Kor,n;a ry611aToe Bern;ecTBO ,n;oJim
HO 6bITb 3aCeJieHO KJieTKaMM KpacHoro KOCTHOfO M03-
ra, ypoBeHb BMP cHMmaeTcH, a SDF-1 yBeJIM11MBa
eTcR BHOBb, qTo 06ecrre11:r1BaeT xoyMMHf reMOI103TM
qecKMX CTBOJIOBbIX KJieTOK (I'CK). 3TOT me Mexa
HM3M IT03BOJIReT KJieTKaM OCTeo6JiaCTM11eCKOfO ,n;m:p
cpepoHa y,n;epmMBaTb I'CK B rrpe,n;eJiax ccpopMMpo
BaHHbrx ,Zl;JIR HMX HMIIl B KOCTHOM MO3re , B COCTaB 

KOTOphlX BXO,Ll;RT He TOJibKO OCTe06JiaCThl, HOM 

MMCK [68]. 
KJieTKM , MCI1OJib3yeMbie ,LI;JIR CO3,n;aHMR TKaHeMH

meHepHbIX KOCTHbIX rpacpTOB, MoryT rro,n;Bepra TbCR 

TeXHOJIOfMRM KY JlbTMBMpOBaHMR MJIM MCITOJib3OBa Tb

CR Herrocpe,n;CTBeHHO ITOCJie BbI,D;eJieHMR M3 TKaHeBoro 

MCTOqHMKa. K 0CHOBHbIM rrpMMeHRI-OI.IJ;MMCR ,Zl;JIR co-

3,LI;aHMR TKaHeMH:>KeHepHbIX Ma TepMaJIOB BM,n;aM KY Jib

TMBMp0BaHHbIX KJieTOK OTHOCRTCR MMCK [69 , 70], 
0CTeoreHHbie KJieTKM M OCTeo6JiaCTbI [71], a TaKme MX 
KOM6MHaIJ;MM. HeKOTOpbre MCCJie,n;oBa Te JIM ,Zl;JIR ,n;aHHbIX 
u;eJie:ti rrpMMeHRIOT 3H,LI;OTeJIMOIJ;MThl KaK caMOCTOR

TeJibHbIH [ 7 2] MJIM ,n;orrOJIHMTeJibHbIM KJieToqHbIH K0M

ITOHeHT [73] M ,n;ame CTBOJIOBbie KJieTKJ.1 c MH,n;yu;MpO
BaHHOH ITJIIOPMIT0TeHTH0CTblO [7 4]. K qJ1CJIY HeKyJib
TMBMpOBaHHbIX KJieToqHbIX rrorry JIRIJ;MH OTHOCRTCR 

KJieTKM KOCTHoro M03ra ( «cMecb » MMCK, cpM6po6Jia

CTOB , 3H,Ll;OTeJIMaJibHbIX rrporeHMTOpHbIX KJieTOK 

(3ITK) , reMOI103TJ1qecKMX CTBOJIOBbIX M ,n;ecpMHMTJ.1B

HbIX KJieTOK reMOI103TJ1qecKOH JIMHMM M ,n;p.) [75] M 
CTpOMaJibHO-BaCKYJIRpHaR cppaKIJ;MR mMpOBOH TKaHM 
(MMCK, 3H,n;oTeJIMOIJ;MTbI M 3ITK, Jie:tioMMOIJ;MTbI, cpM6-
po6JiacTbI , rrpea,n;MIT0IJ;MTbI M MMMYHOKOMITeTeHTHbie 
KJieTKM ) [76]. 

B MHoroqMcJieHHbIX ,Ll;OKJIMHJ1qecKMX MCCJie,n;oBaHM
RX 6bIJia IT0Ka3aHa 6e3orraCHOCTb M 3cpcpeKTMBHOCTb 
pa3JIJ1qHbIX Ba pMaHTOB pa3pa60TaHHbIX TKaHeMHme
HepHbIX OCTeorrJiaCTJ1qecKMX Ma TepMaJIOB [ 7 0], qTO 
ITOCJIY:>KMJIO OCHOBaHMeM ,Zl;JIR rrepexo,n;a K KJIMHJ1qec 
KMM MCCJie,n;oBaHMRM. EoJiee Toro , yme 3aperMCTpM
poBaHbI M pa3peweHbI ,Zl;JIR KJIMHJ1qecKoro rrpMMeHe
HMR 3a py6emoM pR,n; OCTeOrrJiaCTJ1qecKMX Ma TepMa
JIOB, co,n;epmar.u;Mx :>KMBbie KJieTKM: 

PI3K 

T 
Perymu.v11R rrpoJI1,1cpepau;i,1 1,1 , 

,ll,1i1cpcpepem .:i; 1,1p oBKM, MMrp au;1,11,1 

P38 
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t MJ!1T03 

Puc. 4. CxeMa BHYTPMKJieToqttoro KacKa,nttoro rryTM Tpattc

,nyKu;1111 c11rnaJI0B SDF-1 . 
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• a.rr.rror eHHbie: Osteocel plu s ( «NuVasive », CIIlA; 
2005) , T r inity Evolut ion ( «Orth ofi x », CIIlA; 2009) , 
AlloS tem ( «AlloSource »; 20 11 ) , C ellentr a VCBM 
(«BioMet», CillA ; 2012) , O vationOS («O si r i s Thera
peu tics », Cill A ; 20 13); 

• ay ToreHHbie ( «KJieToqHbIM cep BMC », y c.rryr a B B M ,l];e 

BbI,n;e.rreHMH ITep BMqHoM KJieToqHoM IT0ITY JIHIJ;MM, KY Jib
TMBMp oBaHMe, C0BMew;eHMe C H0CMTeJieM M ITpe,n;oc
TaBJieHMe B KJIMHMKY ,n;JIH MCITOJib30BaHMH): BioSeed
Oral B one ( «B ioTissue Techn ol ogies », f epMaHMH; 
200 1), Osteotransplan t DENT (co.d on , f epMaHMH; 
2006). 

T a K oe K OJIMqecTB O 3 ape rMCTp MpOB a HHhlX TKa H e 

MH:>KeH e pHbIX M3,D;eJIMM CBM,D;eTeJibCTB yeT y:me He 

T0JibK0 0 6e30ITaCHOCTM, H O M 06 3cpcpeKTMBHOCTM IT0,l];
xo,z:i;a ITPM OITpe,z:i;eJieHHbIX ,n;e cpeKTax. E OJibWMH CTBO M3 

3apemcTpMp oBaHHbIX M3,z:i;e.rrMM (T rinity E volution, 
AlloStem, Osteocel P lus, C ellentra V CBM) IT0Ka3a 
HbI ,l];JIH qacT HbIX Ba pMaHTOB CITOH ,l];MJIO,D;e3a M a pTpo 

,z:i;e3a, ,z:i;p yme (BioSeed - Oral B one , Osteotransplant 
DEN T) - ,n;JIH B0CIT0JIHeHMH ,n;ecpeKTOB qemo cTeM. 
O,n;HMM M3 ITepBbIX M HaM6o.rree ycITeWHbIX TKaHeMH
:meHepHbIX 0CTe0ITJiaCTMq ecKMX Ma TepMaJI0B ,z:i;o Ha
CT0.Hw;ero BpeMeHM ocTaeTCH Osteocel P lus. M3,z:i;eJIMe 
ITpe,z:i;cTaBJI.HeT co6oM aJIJioreHHYIO ry6qa TYIO K0CTHYIO 
TKaHb C :>KMBbIMM KJieTKaMM (5,25. 105± 4 ,6 . 103 B 5 MJI 

[77]) , coxpaHMBWMMMCH B ee cocTaBe 6.rraro,z:i;ap H cITe 
u;MaJibHOM w;a,n;Hw;eM TexH0JI0rMM o6pa6oTKM TPYITH0-
r o MaTep MaJia. Osteocel Plus IT0Ka3aH ,D;JIH ITPMMeHe
HMH B XMpyprMM IT03B OH Oq H MKa , B TOM q Mc Jie ,D;JI H 

CITOH ,D;MJIO,D;e3a Ha ypoBHe weMH Of O OT ,n;eJia . 21: JIH K a:m

,n;or o M3 ITHTM BM ,D;OB OITepa TMBHOfO BM e rna T eJib CTBa 

Ha IT03BOHOqHMK e , ITPM K OT OpbIX ITOKa 3aH O M3,D;eJIMe, 

6bIJIO BbIIT0JIHeH0 0T,D;eJibH0e KJIMHMqecKoe MCCJie,z:i;o
BaHMe c cyMMapHbIM B0BJieqeHMeM 384 ITau;MeHT0B. 
H M B 0,D;H0M CJiyqae He 6bIJIO 0TMeq eH0 He:>KeJia TeJib
HbIX HBJieHMM. IloJIHOe cpaw;eHMe y 60JibWMHCTBa ITa 
u;MeHT0B (60.rree 90%) ,D;0CTMr aJI0Cb qepe3 5- 6 Mee IT0C
Jie oITepau;MM [ 7 8]. TaK:me oITy6JIMKOBaHbI p e3y JibTa 
TbI ycITeWHbIX ITMJI0THbIX KJIMHMq ecKMX MCCJie,z:i;oBa

HMM ITO ITPMMeHeHMIO O steocel P l u s ITPM ,n;pyr Mx IT0Ka-
3aH MHX, Ta KMX KaK ayrM e HTa IJ; M H a JibB eOJIHp H o ro 

rpe6HH M a pTpo,n;e3 cycTaB0B HM:>KHMX K0Heq HOCTeM 
[79]. MexaHM3M ,n;eMCTB MH O steocel Plus M ,n;p y m x 
a.rrJioreHHbIX TKaHeMH:>KeHepHbIX M3,D;eJIMM pa3p a6oT

qJ1KM CBH3bIBaIOT C OCTeOK OH,D;Y KIJ;MBHbIM ,n;eMCTBMeM 

MaTpI1KCa , a TaK:me ITapaKpMHHOM aKTMBH0CTbIO KJie 
T0K, ITpo,n;yu;11p yIOw;11x BMP, VEG F , SDF-1 11 ,n;pyme 
cpaKTOpbI pocTa [ 77]. OITpe,n;e.rreHHa.H K0HIJ;eHTpau;MH 
6110.rror11qecKM aKTJ1BHbIX Bew;ecTB co,n;ep:>KMTCH TaK
:me B MaTp MKCe-H0CMTe.rre. 

H11 O,D;J1H J13 TKaHel1H:>KeHepHbIX OCTeOITJiaCTJ1qec

KJ1X Ma Tep 11a .rroB ITO Ka He 3a perMCTpMpOBaH Ha Tep

pI1TOpI1I1 pep KaK Me,D;l11J;J1HCKOe M3,n;e.rr11e , pa3peweH

HOe ,D;JIH KJIJ1HJ1qecKoro ITPJ1MeHeHJ1H , XOTH ycITeWHbie 

pe3y JibTa Tb! B ,n;aHHOM o6JiaCTJ1 6bIJIJ1 IT0JiyqeHbI ew;e 

B 80-x r o,n;ax xx BeKa [80 , 81]. IlpMqMHbI 3T0fO BO 

MH0f0M B 0TCYTCTBMM YTBepm,n;eHH0f0 ITpaB0B0f0 pe
ry .rrMp0BaHMH B0ITpoca perMCTpau;MM KJieToqHbIX rrpe

rra pa T OB M TKaHeMH:>KeHepHbIX Me,D;l11J;J1HCKJ1X J13,D;e-
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JIMM. TeM He MeHee ITMJI0THbie KJIMHMqecKJ1e MCC.rre,n;o
BaHJ1H 3a paMKaMM p erMCTpau;M0HHbIX ,n;eMCTBJ1M ITpO

,D;0JI:>KaIOT BbIIT0JIHHTbCH [82-86]. B qacTH0CTJ1, xopo
WMe p e3yJibTaTbI 6bIJIM IT0.rryqeHbI rrp11 J1CIT0Jib30Ba
HJ1J1 TKaHeMH:>KeHepHbIX K0CTHbIX rpacpTOB, COCTOH

W:MX M3 ay ToreHHbIX MMCK :mMpOBOM TKaHM M ,n;Byx 
BapMaHTOB MaTpMKCOB (rM,n;pOKCMaITaTMT J1 KOMIT03J1T

HbIM MaTepMaJI rM,n;p0KCMaITaTMTa M KOJIJiareHa) B Jie
q eHMM ITau;MeHT0B C a TpocpMeM aJibBe0JIHpHoro 0Tpoc
TKa BepxHeM qe.JIIOCTM M aJibBeOJIHpHOM qaCTJ1 HJ1:>K
HeM q eJIIOCTM Ha 6a3e MfMCY MM. AM. EB,n;OKMMOBa 
[83 ]. B fHU ¢MEU MM AM. EypHa3HHa MHMIJ;MMpo
BaHo KJIMHMqecKoe MCCJie,n;oBaHMe 6e3oITacHOCTM M 

3 cpcpe KTMBHOCTM TKaHeMH:>KeHepHoro OCTeOITJiaCTMqec

K0f0 MaTepMaJia M3 TPMKaJibIJ;MH cpoccpaTa 11 ayToreH
HbIX MMCK CJIM3MCTOM 060JioqKJ1 IT0JI0CTM pTa ITPM 
BbIIT0JIHeHJ1J1 rnHyc-JIMC!)TMHra (NCT02209311) [84]. 

O,z:i;HaKO Heo6xo,n;MMO 0TMeTMTb pH,n; 0Tp11u;aTeJib
HbIX acITeKT0B TKaHeMH:>KeHepHbIX K0CTHbIX rpacpTOB: 

• He,z:i;ocTaToqHaH 3cpcpeKTMBHOCTb B CJiyqae ITP0TH
:meHHbIX K0CTHbIX ,z:i;ecpeKTOB M3-3a rM6eJIM 60.JibillMH
CTBa KJieT0K, BX0,D;HW:MX B C0CTaB TKaHeMH:>KeHepHoro 
Ma Tep MaJia HeITocpe,n;cTBeHH0 IT0CJie TpaHcIT.rraHTaIJ;MM 
(KJieTKM Tpe6yIOT aKTMBH0f0 KpOBOCHa6:meHMH, K0T0-
poe KpMTMq e cKM MJ1HMMM3MpOBaHO B 3 0He ITOBpe:m,n;e

HMH ) [85] ; 
• BbIC0KaH ce6eCTOMMOCTb M CJI0:>KH0CTb TeXH0JI0I'J1-

q ecKor o ITpou;ecca (KJieToqHoro cepBMca) co3,n;aHMH 
TKaHeMHmeHepHoro ocTeoIT.rracTMqecKoro Ma TepMaJia , 
KOTOpbIM ,D;0JI:>KeH ocyw;ecTBJIHTbCH B C00TBeTCTBMM 

co cTaH,n;apTaMM GMP M GTP; 
• HeB03M0:>KH0CTb opraHM3aIJ;MM IT0JIH0IJ;eHH0f0 ce

pMMHOfO ITp0I13B0,D;CTBa HaM6o.rree 3cpcpeKTJ1BHbIX -
ITepcoHaJIJ13I1poBaHHbIX ( co,n;epmaw;Mx ayToreHHbie 
KJieTKM) - TKaHeMH:>KeHepHbIX M3,D;eJIMM; 

• oco6bie ycJI0BMH xpaHeHMH, He BCer,n;a HBJIHIOW:Me
CH ,D;0CTYITHbIMM ,D;JIH Jieqe6HO-ITpocp11JiaKTMqecKMX 
y qpe:m,n;eHMM (HaITpMMep , TeMITepaTypa HJ1:me -80°C); 

• CJI0:>KH0CTM rrpaB0B0ro pery JIMp0BaHMH M perMCT

pau;MM Me,D;l11J;J1HCKJ1X M 3 ,D;eJIMM , co,n;ep:maw;Mx :>KMBbie 

KJie TKM. 

TaKMM o6pa3oM, TKaHeMHmeHepHbIM ITo,n;xo,n; B co-
3,n;aHMM aKTMBMp0BaHHbIX 0CTe0ITJiaCTJ1qecKMX Ma Te
pMaJI0B IT03B0JI.HeT pa3pa6oTa Tb 6e3orraCHbie M 3cp
cpe KTJ1BHbie ITO OITpe,n;e.rreHHbIM ITOKa3aHJ1.HM Me,D;MIJ;J1H

CKMe !13,D;eJIMH. O,n;HaKO 0CTaIOTCH ITpo6JieMbI , orpaHM
qJ1BaIOw;11e BHe,n;peHMe pe3y JlbTa TOB TKaHel1H:>KeHep

HbIX pa3pa60TOK B PYTMHHYIO KJIMHJ1qecKyIO ITpaKTM
KY , qTo C03,n;aeT ,D;OITOJIHMTeJibHbie ITpe,n;ITOCbIJIKJ1 K 

pa3BMTMIO aJibTepHa TMBHbIX ITO,D;XO,D;OB. 

OcmeonAacmu11ecKue MamepuaAbt 
c (jJaKmopaMu pocma 

K ,n;aHHOM rpyITITe Me,D;MIJ;MHCKMX M3,D;eJIMM 0TH0-
CHTCH 0CTe0rrJiaCTJ1qecKJ1e MaTepMaJibI, COCTOHIIJ,Me M 3 

H0CMTeJIH M cpaKTOpOB pocTa ( o,n;Horo MJIM HeCK0Jib

KMX) , o6ecITeqMBaIOIIJ,l1X 0CTe0MH,D;YKTJ1BH0e ,n;eMCTBMe; 
0Ha HBJIHeTCH HaM6o.rree ycITeWHOM B acITeKTe «KJIJ1-
HJ1qecKOM TpaHCJIHIJ;MM ». Yme 3aper11cTp11poBaHbI M 

pa3peweHbI ,n;.rrH KJIMH11qecKoro ITPMMeHeHMH TaKMe 
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J13,n;eJn1R KaK Emdogain ( «Straumann», fepMaHMR) 

- MaTepMaJI C 3MaJieBbIMJ1 MaTpJ1qHbIMJ1 ITPOTeJ1Ha

MJ1 (1997); OP-1 ( «Stryker Biotech», CIIIA) - c pe

KOM6J1HaHTHbIM BMP-7 (2001); Infuse ( «Medtronic», 

CIIIA) (2002, 2004, 2007) - c peKoM6J1HaHTHbIM 

BMP-2; GEM21S, Augment bone graft ( «BioMimetic 

Therapeutics Inc. », CIIIA) - c peKoM6MHaHTHbIM 

P DGF-BB (2005, 2009), i-Factor Putty («Cerapedics», 

C IIIA) - c 6e.rrKOM P-15 (.rrMraH,n; ,n;.rrR MHTerpMH0B 

62Bl' 3KCITpeccMpyeMbIX KJieTKaMJ1 OCTeo6.rraCTJ1qec

K0ro ,n;m:pcpepoHa) (2008) J1 ,n;p. 

TJ1ITJ1qHbIM ITpe,n;cTaBJ1TeJieM ,n;aHHOJ1 rpyITITbI J13-

,n; eJIJ1J1 RBJIReTCR OCTeOITJiaCTJ1qecKJ1J1 MaTepMaJI 

I nfuse, KOTOpbrM 6br.rr o,n;o6peH FDA ,n;.rrR Me:mTe.rroBo

r o CIT0H,l1;J1JI0,D;e3a (2002), ,D;JIR KOCTHOJ1 ITJiaCTJ1KJ1 ITPM 

ITepe.rroMax 60JibWe6epQOBOJ1 K0CTJ1 (B coqeTaHJ1J1 C 

J1HTpaMe,n;y.rr.rrRpHOJ1 (pJ1KCaQJ1ei1; 2004), a TaK:>Ke ,lJ;JIR 

CJ1HYC-JIJ1(pTJ1Hra J1 ayrMeHTaQJ1J1 aJibBe0JIRpHoro 

r pe6HR ITPM ,n;ecpeKTax, CBR3aHHbIX C 8KCTpaKQJ1eJ1 

3y60B (2007) (87]. 113,n;eJIMe BbIITYCKaeTCR B BJ1,D;e Ha-

6opa, C0CT0Rr..u;ero J13 K0JIJiareH0B0ro MaTpMKCa J1 pe

KOM6J1HaHTHOrO BMP-2, K0T0pbre ITo,n;.rre:maT ofrhe,n;J1-

HeHJ1IO HeITocpe,n;CTBeHH0 ITepe,n; ITPJ1MeHeHJ1eM. B XJ1-

p yprJ1J1 IT03BOHOqHJ1Ka BBM,D;Y OTCYTCTBJ1R y MaTepM

a.rra 0ITTJ1MaJibHbIX 6J10MexaHJ1qecKJ1X CBOMCTB OH ,lJ;0JI

:>KeH 6bITb J1MITJiaHTMpoBaH B K0MITJieKce co CITeQJ1-

aJibHbIMJ1 MeTa.rr.rroK0HCTPYKQJ1RMJ1 - Kei1,n;:maMJ1. B 

ITepB0M KJIJ1HJ1qecK0M J1CCJie,n;oBaHJ1J1 ITPJ1HRJIJ1 yqac 

TJ1e 279 ITaQJ1eHT0B, K0T0pbIM 6bIJI IT0Ka3aH ITepe,n;HJ1J1 

ITORCHJ1qHbIJ1 Me:>KTeJIOBbIJ1 CIT0H,l1;J1JI0,D;e3, 143 J13 HJ1X 

0ITepaQJ1R 6bIJia BbIIT0JIHeHa c ITPJ1MeHeHJ1eM Infuse, 

0CTaJibHbIM - C J1CIT0Jib30BaHMeM K0CTH0r0 ayT0TpaH

CITJiaHTa Ta J13 rpe6HR ITO,l1;B3,l1;0IllHOJ1 K0CTJ1. Ha cpo

KaX Ha6mo,n;eHMR ,n;o 2 .rreT 6b1JIJ1 IT0Ka3aHbI 6e3oITac

HOCTb, a TaK:>Ke BbICOKaR 3cpcpeKTJ1BHOCTb .rreqeHMR -

q acT0Ta cpar..u;eHJ1J1 94,5 J1 88, 7% B KJIJ1HJ1qeCKOJ1 J1 

KOHTpOJibHOJ1 rpyITITax C00TBeTCTBeHH0 (p>0,05 ). IIpM 

3T0M T0JibK0 y ITaQMeHT0B (5,9% ) BTOpOM rpyITITbI BbI

R BJieHbI He:>KeJiaTeJibHbie RBJieHMR , CBR3aHHbie C 3a-

6opoM ayToTpaHCITJiaHTaTa (88]. B ,n;aJibHei1weM 6bIJI 

BbIIT0JIHeH pR,n; IT0CTMa pKeTMHr0BbIX KJIJ1HJ1qecKJ1X 

J1 CCJie,D;OBaHJ1J1, OITy6JIJ1KOBaHbI pe3y JibTa TbI C CJ1CTe

M a TJ13MpOBaHHbIM aHaJIJ130M, ITO,lJ;TBep:m,n;aIOr..u;Me 3cp

cp eKTJ1BHOCTb J13,D;eJIJ1R, 3KBJ1BaJieHTHYIO TaKOBOJ1 y 

K0CTHbIX ayToTpaHCITJiaHTaT0B (89 , 90]. 

O,n;HaKO OITy6.rrJ1KOBaHbI KPJ1TJ1qecKJ1e CTaTbJ1, aK

u;eHTJ1pyIOr_u;J1e BHJ1MaHJ1e Ha OCJIO:>KHeHMRX J1 He:>Ke

.rraTeJibHbIX RBJieHMRX ITPM J1CITOJib30BaHJ1J1 Infuse, a 

TaK:>Ke Ha cpaKTe J1X C0KpbITJ1R KOMITaHJ1ei1-pa3pa60T

q J1K0M (91-93]. Oco6bIJ1 pe30HaHC BbI3BaJI CITeQJ1aJib

HbIJ1 BbmycK :mypHa.rra «Spine » (IF = 3,220 B 2012 

r o,n;y), IT0JIH0CTbIO ITOCBRIIJ;eHHbIJ1 ,n;aHHOJ1 ITpo6.rreMe, C 

3aHJ1MaIOIIJ;J1M QeHTpaJibH0e MeCT0 o63opoM r JiaBH0ro 

pe,n;aKTopa E.J. Carragee J1 coaBT. (2011 ). ABTOpbr ITpo

BeJIM ,n;eTaJibHbIJ1 aHaJIJ13 13 O(pJ1QJ1aJibHbIX KJIJ1HJ1-

qeCKJ1X J1CCJie,n;oBaHJ1J1 Infuse, B TOM qJ1cJie 0TqeT0B, 

ITo,n;aHHbIX B FDA, c o6r..u;MM K0JIJ1qecTB0M ITaQMeHT0B 

780 J1 BbIRBJ1JIJ1, qTo qacT0Ta OCJIO:>KHeHJ1J1 J1 He:me.rra

TeJibHbIX RBJieHMM ( OCTeOJIJ13 C ropM30HTaJibHbIM J1JIJ1 

BepTMKaJibHbIM CMer..u;eHMeM J1MITJiaHTaTa, He,D;0CTaToq-
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Hoe cpar..u;eHMe, peTporpa,n;HbIM Bbr6poc, reTepoTorrM

qecKaR OCCJ1(pJ1KaQJ1R, OCTeOJIJ13, pa,n;J1KYJIJ1T, MHcpeK

QJ1J1) C0CTaBMJia 0K0JI0 10% ITPM J1CIT0Jib30BaHJ1J1 CTporo 

ITO IT0Ka3aHJ1RM J1 ,n;o 50% - ITPM CIT0H,l1;J1JI0,D;e3e Ha 

ypoBHe rpy,n;Horo J1JIJ1 weMHOrO OT,D;eJIOB Il03BOHOqHJ1-

Ka (93]. O6o6r..u;aR MH0roqJ1cJieHHbie pe3yJibTaTbI KJIJ1-

HJ1qecKJ1X J1CCJie,n;oBaHJ1J1 ITO BCeM TpeM rpyITITaM IT0-

Ka3aHJ1J1 Infuse MO:>KHO KOHCTaTMpOBaTb, qTo J1CITOJib-

30BaHMe J13,lJ;eJIJ1R B COOTBeTCTBJ1J1 C J1HCTPYKQJ1eJ1 

( «on-label ») RBJIReTCR 6e3oITaCHbIM J1 B 60.rrbIIIMHCTBe 

c.rryqaeB 3cpcpeKTJ1BHbIM, X0Tb J1 Ha6.rrIO,n;aIOTCR 0CJI0:>K

HeHMR, a TaK:>Ke Hey,n;oBJieTBOpMTeJibHbie pe3yJibTa

TbI, Tpe6yIOr..u;Me peoITepaQJ1J1. II pMMeHeHMe :me M3,n;e

JIMR He ITO IT0Ka3aHMRM ( «off-label ») - ,n;.rrR ,n;pyrMx 

BapMaHT0B KOCTHOJ1 ITJiaCTJ1KJ1 - C0ITp0B0m,n;aeTCR 

cyr..u;ecTBeHHbIM IT0BbIIlleHMeM pMCKa 0CJIO:>KHeHJ1J1 J1 

He:me.rra TeJibHbIX RBJieHMM [ 9 3 ]. II PM 3T0M o6r..u;ee K0-

JIJ1qeCTB0 OITepaQJ1J1 T0JibK0 C ITPJ1MeHeHJ1eM 0CTeo

ITJiaCTJ1qecKJ1X MaTepMa.rroB, co,n;ep:mar..u;Mx BMP (r.rraB

HbIM o6pa30M, Infuse), 3a 2010 r. C0CTaBMJI0 107 TbIC. 

ITPM o6r..u;eM K0JIJ1qecTBe BMewaTeJibCTB Ha IT03B0H0q

HJ1Ke C J1MITJiaHTaQJ1eJ1 Me:>KTeJI0BbIX Kei1,n;:mei1 B 

206 TbIC. (1], qT0 CBM,D;eTeJibCTByeT KaK 06 ycITexe Me

,lJ;J1QJ1HCKOro J13,lJ;eJIJ1R J1 rpyITITbI Ma TepMaJIOB B QeJIOM , 

TaK J1 o BbICOKOM qacToTe «off-label» ITPMMeHeHMR 

Infuse. 

PR,n; J13,D;eJIJ1J1 C cpaKTOpaMJ1 pocTa HaXO,lJ;RTCR Ha 

CTa,D;MRX 3KCITepMMeHTaJibHbIX J1 KJIJ1HJ1qecKJ1X J1CCJie

,D;OBaHJ1J1 Ha TeppMT0pMM P<P. B qacTH0CTM, oITy6.rrJ1-

KOBaHw pe3yJibTaThl ITPJ1MeHeHJ1R OCTeOITJiaCTJ1qec 

KJ1X MaTepMa.rroB c peKoM6J1HaHTHbIMJ1 BMP-2 (94] J1 

VEGF (95]. 

IIepe,n;OBbie J1CCJie,n;oBaHJ1R B qaCTJ1 pa3pa60TKJ1 

0CTe0ITJiaCTJ1qecKJ1X Ma TepMaJI0B C cpaKTOpaMJ1 pocTa 

HaITpaBJieHbI Ha ,n;Ba 0CH0BHbIX acITeKTa: KOM6J1HaQJ1R 

HeCK0JibKJ1X cpaKTOpOB , B TOM qJ1c.rre aHrJ1oreHHbIX J1 

0CTeoreHHbIX, B 0,lJ;H0M J13,D;eJIJ1J1, HaITpMMep, J1MM06J1-

JIJ13aQJ1R VEG F J1 BMP-2 Ha o,n;H0M H0CMTe.rre (96], a 

TaK:>Ke 06ecITeqeHJ1e ITP0JI0HrMp0BaHH0r0 K0HTp0JIJ1-

pyeMoro BbICB06o:m,n;eHJ1R TepaITeBTJ1qecKJ1X 6eJIKOB 

M3 cTpyKTypbr MaTpMKca , B qacTH0CTM, 3a cqeT yIT

paB.rreHMR ,lJ;J1HaMJ1KOJ1 6J10,n;erpa,n;aQJ1J1 rM,n;pore.rreBbIX 

Ma TPMKC0B [ 9 7, 9 8] J1JIJ1 J1HKaITcy JIJ1p0BaHJ1R M0JieKy .rr 

cpaKTOpOB pocTa B MMKpoccpepbI J13 opraHJ1qeCKJ1X 

IT0JIJ1MepoB (99]. HeKOTOpbre aBT0pbI 3a cqeT CITeQM

aJibHbIX TeXHOJIOfJ1J1 (HaITpMMep, cai1T-HaITpaBJieHHbIJ1 

MyTareHe3) J13MeHRIOT CTpyKTYPY cpaKTOpOB p o c Ta , 

o6'be,l1;J1HRIOT HeCK0JibK0 B 0,D;J1H, C03,D;aBaR «MyTaHT

Hbie » M0JieKyJibI , 06.rra,n;aIOr..u;J1e 60JibWeJ1 3cpcpeKTJ1B

H0CTbIO B aKTJ1BaQJ1J1 peITa pa TJ1BH0ro 0CTe0rJ1CT0re

He3a. HaITpMMep, B pa6oTe [ 100] MO,lJ;J1(pJ1QJ1p OBaJIJ1 

cpaKTop pocTa J1 ,n;McpcpepeHQMpOBKM-5 (gr owth-and

differentia tion factor-5 , G DF-5 ), ,n;o6aBJ1B B ero IT0C

.rre,n;oBaTeJibH0CTb cai1TbI BMP-2, oTBeTCTBeHHbre 3a 

CBR3bIBaHMe co cITeQJ1cpJ1qecKJ1MJ1 peQeITTopaMM. IIo

.rryqeHHaR Mo.rreKy .rra G DF-5 ITpJ106pe.rra CBOMCTBa , 

xapaKTepHbre ,n;.rrR BMP- 2. 

OcTeoIT.rracTJ1qecKJ1e Ma TepMaJibI c cpaKTopaMM po

CTa TaK:>Ke J1MeIOT pR,n; He,D;0CTaTK0B M ITpo6.rreM, orpa

HJ1qJ1BaIOIIJ;J1X J1X 3cpcpeKTJ1BHOCTb. Bo-ITepBbIX, MOJie-
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KYJibI 6 eJIKa B ycJIOBMHX OITep a u;MOHHOM paHbI (8Kccy 

,n;au;MH, BbICOKaH aKTMBHOCTb ITPOTeOJIMTW-Ie CKMX cpep

MeHTOB) ITO,n;BepraIOTCH 6bICTpoi1: 6Mo,n;e rpa,n;au;MM , HB

JIHIOTCH KOp OTKO:>KMBYUJ;MMM l1 KOp OTK O,IJ;MCT aHTHbIMM , 

l..JTO He ITO3BOJIH eT OCTeOITJiaCTMl..J e CKO M y Ma T e pMaJiy B 

ITOJIHOM Mepe p eaJil13OBa T b OCTeOMH,n;yu;Mpy row;ee ,n;ei1:

CTBMe. B o -BTOpbIX , KOJIMl..JeCTB O TepaITeBT Ml..J e CKOf O 

6eJIKa B MaTepMaJie orpaHMl..J e H o, a e r o ,n;e i1:c T BMe ,n;ame 

ITPM ycJIOBMM K OH T p OJIMpyeM o r o l1 ITPOJIOHrMpOBaHHO

ro BbICB06om,n;eHMH - KpaTKOBpe M e HHOe l1 «rpy6oe » . 

MHbIMM CJIOB aMM, Ta M e HblllaH q acTb M OJieK y JI 6eJIK a , 

KOTOpaH OT,n;eJIMJiaCb OT HOCMTeJIH , coxpaHMJia CBOIO 

6MOJIOfl1l..JeCKYIO aKTMBHOCTb M « ,n;o6p aJiaCb » ,n;o KJie 

TOK-MMI.IIeHei1, BCTYITM T BO B3aMM O,n;ei1 CT BMe co CITe 

LI;McpMqecKMMM peu;eITTOpaMM H a MX ITOB e pxHOCTM l1 

BbI30BeT 6MOJIOfWieCKl1M 8cpcp e K T. IlpM 8 T OM 6 bICTpo 

ITpOI130M,IJ;eT MHaKTMBaQMH peu;e ITTOp OB BMe CT e C JIM 

raH,ZJ;0M KaK KOMITeH CaTOpHo - a,n;aITTaQ MOHHbIM M exa 

Hl13M, ITpe,n;oxpaHHIOUJ;MM KJieTKM OT l136bITOl..JHOM CTJ1 -

MYJIHLI;l1l1, 6MOJIOf l1l..JeCK Oe ,n;eMCTB Me cp aKTOp a p ocTa 

ITpeKpaTMTCH, a ero K OJIMl..JeCTB O MC CHK H eT. 

TeopeTw-IeCKM TaK M X He,n;ocTa T K OB JIMI.IIe HbI TKa 

HeMH:>KeHepHbi e l1 r e H - aKTMB Mp OB a HHbie Ma TepMaJibl. 

B ITepBOM CJiyqae Bbl:>KMBI.IIMe KJieT KM CITOC06H bl ,IJ;JIM

TeJibHO ITpo,n;yu;MpOBa Tb CITeKTp 6MOJIOfl1l..JeCKl1 aKTMB

HblX Bern;ecTB, TOH KO pearMpyH H a CMrHaJibl MMKpOOK 

pymeHMH, B O BTOp OM - TepaITe B TMl..JeCKMM 6eJIOK ITpo 

,n;yu;MpyeTCH ITpOJIOHrMpOB a HHO 3a Cl..JeT 8KCITpeCCl1J1 

reHHbIX KOHCTPYKQMM, ITOITa BI.IIMX B KJieTKM - MMI.IIeHM , 

l..JTO o6ecITel..JMB aeT ,IJ;JIMTeJibHOCTb 8 cpcp eKTa. 

Fen -a,cmuBupoBaHHbLe 
ocmeonAacmuitec«ue MamepuaAbL 

OcHOB H bIM ,n;ei1:cTBYIOUJ;J1M KOM ITOH e H TOM M3,n;eJIMi1 

,n;aHHOM rpyITITbl HBJIHIOTC H r e HHbie K OH CTp yKLI;l1l1 (KO

,D;Mpyrorn;Me H Y KJieMHOBbie K MCJIOTbI), ITO8TOMY p a3pa-

6oTKl1 r eH-aKTMBMpOBaHHbIX OCTeOITJiaCTMl..JeCKMX Ma 

TepMaJIOB HaITpHMYIO CBH3aHbI C ,ZJ;O CTM:>Ke H MHMM reH

HOM TepaITMM B u;eJIOM, B p a MKax K OT o p oi1: reHHbie KOH 

CTPYKLI; l1l1 pa3pa6a T bIBaIOTCH KaK ,n;ei1CTBYIOUJ;J1e Be

w;ecTB a JieKa pcTBeHHb IX ITpeITa pa T OB. 

B paMKaX reHHOM Tep a ITMM C 1989 r. 3 aperncTp l1 -

p o BaHO yme 60.Jiee 1900 KJIMHMl..JeCKMX MC CJie,n;o B a HMM 

[ 101], l..JTO ITo,n;qep KMBa e T aKTMBHOCTb ITpOB O,ZJ;MMblX 

pa3pa60TOK. B oJiee Toro, y me BHe,n;peHbI B K Jil1H J1l..J e C

KYIO ITpaKTMKY H e CKOJibKO reHHOTepaITeBTMl..J e CKMX 

ITpeITapaTo B : G en d i cine , Onc o rine ( « SiBi o n o 

GeneTech », K MTa i1:), Heo BacKyJireH ( MCK"l.! , PoccMH), 

Glybera ( « u niQuro » , HM,n;epJI,n;aH,n;br). HeoBacKyJire H 

H B JIHeTCH p OCCMMCKOM pa3 pa60TKOM l1 pa3peI.IIeH ,IJ;JIH 

KJIMH M l..Je CKOf O ITPMMeHeHMH Ha TeppI1TOpl1I1 pep l1 

YKpaMHbI [102]. OITbIT ero pa3pa6oTKM M KOMITJieKc

H h re 8 KCITe p MM e H T aJibHbie MCCJie,IJ;OBaHMH [ 103] ccpop

MMp OBaJIM Hayl..JHO-TeXHMl..JeCKMM 3a,n;eJI ,IJ;JIH 3aITycKa 

ITe pBo r o B MMpe KJIMHMl..JeCKOrO MCCJie,n;oBaHMH reH-aK

TMB M p OBaHHOfO OCTeOITJiaCTMl..JeCKOfO MaTepMaJia 

(NCT02293031 ) [104]. 
feH-aKTMBMpOBaHHbIM OCTeOITJiaCTMl..JeCKMM MaTe

pMaJI ITpe,n;cTaBJIHeT co6oi1: KOMITJieKC «HOCMTeJib -

HYKJieMHOBaH KMCJIOTa » , KOMITOHeHTbI KOTOporo o6'be-
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,ZJ;MHeHbI pa3Jil1l..JHbIMl1 MeTo,n;aMM: 3a Cl..JeT TeXHOJIOfMM 

« XMMMl..JeCKOfO CBH3bIBaHMH » [ 103], l1CITOJib30BaHMH 

BCITOMOraTeJibHbIX Bern;ecTB (HaITpMMep, reJieBbIX 6MO

ITOJIMMepoB) [ 105], HeITocpe,n;CTBeHHOfO BKJIIOl..JeHMH 

HYKJieMHOBbIX KMCJIOT B COCTaB HOCMTeJieM Ha 8TaITe 

Cl1HTe 3a MaTpMKCa l1 T.,IJ;. O6rn;aH 8cpcpeKTl1BHOCTb l13-

,n;e JIMH OITpe ,n;eJIHeTCH cyMMOM MexaHl13MOB ,n;ei1:CTBMH 

KaK r e HHbIX KOHCTPYKQMM ( ocTeOMH,n;yKI.J;MH), TaK M 

HOCMTe JIH ( OCTe OKOH,IJ;YKQMH ). 

B M e xaHl13Me OCTeOMH,IJ;YKTMBHOfO ,n;ei1CTBMH reH

aKTJ1BJ1pOBaHHOrO Ma TepMaJia MO:>KHO BbI,IJ;eJIMTb ,n;Ba 

ITOCJie,n;o Ba T e JibHbIX 8TaITa : HeCITeu;McpMl..JeCKMM l1 CITe

LI;Mcp Mq e cKMM. IIepBbIM CBH3aH C BbICB06om,n;eHMeM 

HYKJieMHOBbIX KMCJIOT M3 cTpyKTYPbI HOCMTeJIH ITOCJie 

l1MITJiaHTaLI;Ml1 B 3OHY ,n;ecpeKTa, ITOCTYITJieHMeM B KJieT

KM p e u;MITMeHTHOro JIO:>Ka l1 8KCITpeccMei1 B HMX. ¢aK

Tl1l..J e CKl1 OH HBJIHeTCH O,ZJ;MHaKOBbIM ,IJ;JIH JII06bIX reH

HbIX K OHCTPYKQMM, a Ba pMa6eJibHOCTb B qacTM ITO

CTYITJieHMH B KJieTKY o6ycJIOBJieHa JIMI.llb CMCTeMaMM 

,ZJ;OCTaBKM TpaHcreHa. BTopoi1: COCTOMT B CITeu;McpMqec

KOM ,n;e i1CTBI1l1 peryJIHTOpHOM MOJieKyJihl 6eJIKOBOM 

ITPMP O.ZJ:bI , KO,n;MpyeMOM TpaHcreHOM l1 ITpo,n;yu;Mpye

MOM TpaHCcpI1LI;I1pOBaHHbIMJ1 KJieTKaMM, KOTOpbie pa-

6oTaIOT KaK CBOero po,n;a « 6MopeaKTOpbI » TepaITeBTM

qecK o r o 6 e JIKa , CMHTe3MPYH ero B Tel..JeHMe oITpe,n;e

JieHHo ro ITe pMo,n;a BpeMeHM. B OT JIMl..JMe OT M3,n;eJIMi1, 

co,n;epmarn;Mx cpaKTOpbI pocTa , OCHOBHOM KOMITOHeHT 

reH-aKTMBreHHhlX OCTeOITJiaCTMl..JeCKMX MaTepMaJIOB 

,n;e i1CTByeT « MHfKO » . MHbIMM CJIOBaMM, ITOITa,n;aHMe 

T paHcreHa B H,n;po KJieTKM-MMI.IIeHM He ITPMHym,n;aeT 

ee K 06.JIMraTHOM 8KCITpeCCl1l1 TepaITeBTMl..JeCKOfO 6eJI

Ka. KJieTKa coxpaHHeT CBOe HOpMaJibHOe cpyHKLI;MO

HaJibHOe COCTOHHMe l1 peaKQMIO Ha CTMMY Jlbl MMKpo

OKpy meHMH , B CBH3l1 C qeM ITPM OTCYTCTBMM ITOTpe6-

H OCTJ1 B TepaITeBTJ1l..JeCKOM 6eJIKe B KOHKpeTHbIM ITpO

M e :>KyTOK BpeMeHM OHa 3a Cl..JeT BHYTPMKJieTOl..JHbIX 

ITOCT TpaHCKpMITI.J;MOHHbIX MexaHl13MOB pery JIHQMM ITO

JIY:>Kl13Hl1 MPHK cIToco6Ha CHM3MTb ypoBeHb MPHK 

T paHcreHa l1 TeM caMbIM ITpe,n;OTBpa Tl1Tb ITpo,n;yKLI;MIO 

6eJIKa [106]. TaKOM MexaHl13M ,n;ei1:CTBMH reHHbIX KOH

CTPYKQMM 3Ha l..JMTeJibHO ITOBbII.IIaeT 8cpcpeKTMBHOCTb 

r e H-aKTMBMpOBaHHOfO MaTepMaJia ITO cpaBHeHMIO C 

l13,ZJ;eJIMHMl1, co,n;epmarn;MMM cpaKTOpbI pocTa [107]. 
Jlro6bre reHHbre KOHCTPYKQMM cocTOHT M3 TepaITeB

T Ml..JecKoro reHa (B BM,n;e K,I(HK MJIM PHK) M CMCTeMbI 

e ro BHYTPMKJieTOl..JHOM ,IJ;OCTaBKM (BeKTOp ). BeKTOpbI 

pa3,n;eJIHIOTCH Ha ,n;Be ocHOBHbre rpyITITbI - BMpycHbre 

M HeBMpycHbie. B ITepBoM cJiyqae TpaHcreH 3aKJIIOl..Ja

eTcH B qacTMQY peTpo-, JieHTM-, a,n;eHOBMpyca MJIM 

a,n;eHO-aCCOLI;MMpoBaHHOrO BMpyca l1 ,n;p., a BO BTOpOM 

- B ITJia3MM,n;y - KOJibQeByro MOJieKy JIY HYKJieMHO

Boi1 KMCJIOTbI , co,n;epmaw;yro pH,n; BCITOMOraTeJibHbIX 

ITOCJie,n;oBa TeJibHOCTei1: , o6ecITel..JMBaIOrn;Mx 8KCITpeCCMIO 

TpaHcreHa. BMpycHaH l1 HeBMpycHaH CMCTeMbI ,n;oc

TaBKM OT JIMl..JaIOTCH ITO 8cpcpeKTl1BHOCTl1 TpaHccpeKLI;l1l1. 

B ITepBOM CJiyqae B KJieTKM-MMI.IIeHM ITOCTyITaeT ,n;o 

40% l1 60.Jiee reHHbIX KOHCTPYKQMM, BO BTOpOM ,n;aH

HbIM ITOKa3a TeJib He ITpeBbII.IIaeT 1 -2% BBM,IJ;Y pa3Me 

poB l1 OTpMu;a TeJibHOro 3a pH,n;a « fOJIOM » ITJia3Ml1,IJ;HOM 

,UHK II pe,n;Jio:>KeHbI ITo,n;xo,n;bI ( cpM3Ml..JeCKMe , XMMMl..Jec -
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KMe), 06ecITeqMBalOI.QMe ITOBbIIlleHMe 8cpcpeKTMBHOCTM 

TpaHccpeKIJ;MM ITJia3MM,n;Ho:vr ,UHK ,n;o 8-10% [ 10 8]. 

Ba.mHo TaKme OTMeTMTb, qTo pR,n; BMpycHbIX BeK

TopoB (peTpo-' JieHTMBMpyCHbie M ,n;p.) BCTpaMBalOT

CR B reHOM. l1HbIMM CJIOBaMM, 8KCITpeCCMR TpaHcre

Ha, KOTOpbIM OHM ITepeHOCRT, ,D;JIMTeJibHaR, B TO Bpe

MR KaK ocTaJibHbie, B TOM qMc.rre ITJia3MM,n;HaR ,UHK, 

B reHOM He MHTerpMpyIOTCR, ITO8TOMY 8KCITpeccMpy

lOTCR BpeMeHHO, B TeqeHMe 10-14 cyT. yqMTbIBaR, 

q To ITpo,n;yKIJ;MR TepaITeBTMqecKoro 6e.rrKa, KO,n;Mpye

Moro reHHOM KOHCTpyKu;MeM, B c.rryqae KOCTHOM ITJia

CT MKM He ,D;OJIJKHa ITpeBbIIIIaTb cpOKM ITOJIHOM peITa

p a TMBHOM pereHepau;MM, peTpo- M .rreHTMBMpycHbie 

BeKTOpbI ITpaKTMqecKM He MCITOJib3YIOTCR ,D;JIR CO3,n;a

HMR reH-aKTMBMpOBaHHbIX OCTeOITJiaCTMqecKMX Ma

TepMaJioB; qaI.Qe ITPMMeHRIOTCR B reHHO-KJieToqHOM 

rro,n;xo,n;e, KOr,n;a KYJibTypa KJieTOK TpaHCC!)MIJ;MpyeT

CR ex vivo M ITOCJie 8TOro COBMeI.QaeTCR C MaTpMK

COM-HOCMTeJieM [109]. 

TaKMM o6pa30M, Bee reH-aKTMBMpOBaHHbie MaTe

pMaJibl MOryT 6bITb pa3,n;eJieHbl ITO TeXHOJIOrMqecKOMY 

Ba pMaHTY COBMeI.QeHMR Ma TPMKCa M reHHbIX KOHCT

PY KIJ;MM, a TaKme ITO cocTaBy 6Mo.rrorMqecKM aKTMBHO

ro KOMITOHeHTa: ITpMpo,n;e BeKTOpa M TpaHcreHa, KO

JIMqecTBY TpaHcreHOB MJIM pa3JIMqHbIX reHHbIX KOH

CTPYKIJ;MM B cocTaBe o,n;Horo M3,n;eJIMR. O,n;HaKo, oqe

BM,n;Ho, qTo r.rraBHbIM ,n;McpcpepeHu;MaJibHbIM ITPM3Ha

KOM, o6ycJIOBJIMBalOI.QMM pa3JIMqMR B 6MOJIOrMqecKOM 

,n;e MCTBMM reH-aKTMBMpOBaHHbIX Ma TepMaJIOB, RBJIR

e T CR MMeHHO TpaHcreH. HaM6o.rree qacTO ITPMMeHRIO

I.IJ;MMMCR ITPM CO3,D;aHMM reH-aKTMBMpOBaHHbIX OCTeO

rr.rraCTMqecKMX Ma TepMaJIOB TpaHcreHaMM RBJIRIOTCR 

rroc.rre,n;oBaTeJibHOCTM HYKJieOTM,D;OB, KO,D;MpyIOI.QMe oc

HOBHbie OCTeOMH,n;yu;MpyIOI.QMe M CITeu;McpMqHbie ,l];JIR 

OCTeo6.rraCTOB TpaHCKpMITIJ;MOHHbie cpaKTOpbI (Ta6.rr. 2) . 

HaM6o.rree pacITpOCTpaHeHHbIMM TpaHreHaMM, BbI6-

p aHHbIMM ,ZJ;JIR MH,D;YKIJ;MM B0CCTaH0BMTeJibHOro rrpou;ec

ca , RBJIRIOTCR HYKJie0TJ1,ZJ;Hbie IT0CJie,D;OBaTeJibH0CTM, 

K0,n;MpyIOI.QMe BMP, oco6eHHO BMP-2 (cM. Ta6.rr. 2) , M 

VEG F. IIepBbie pa60TbI 6bIJIM CBR3aHbI c ITPRMbIM reH

HbIM TpaHccpepoM - MeTO,D;MKe , ITPM KOTOpo:vr reHHbie 

K0HCTpyKIJ;MM BBO,D;RTCR B OKpy.maIOI.QMe KOCTHbIM ,n;e

cp eKT MRfKMe TKaHM B BM,n;e paCTBOpa, T.e. 6e3 MMM0-

611JIM3aIJ;MM Ha Ma TPMKCe-HOCMTeJie [ 110' 111 ]. Bam

HO, qTO ,n;ame B TaKOM c.rryqae 6bIJIM ITO.rryqeHbl ITOJIO

JKMTeJibHbie pe3y JibTa Tbl, qTo CBM,ZJ;eTeJibCTByeT O ITep

BOCTeITeHHOM 3Ha qeHMM MMeHHO reHHbIX KOHCTPYKIJ;MM 

B COCTaBe reH-aKTMBMpoBaHHbIX MaTepMaJIOB. B qac

THOCTM, B MCCJie,n;oBaHMM A. Baltzer M coaBT. (2000) 

yme qepe3 12 He,n;. ITOCJie BBe,n;eHMR a,n;eHOBMpycoB 

(2 · 10 10 qacTMIJ;) c ,UHK, Ko,n;MpyIOI.Qe:vr reH bmp-2, B 

MblillIJ;bl BOKpyr ,n;ecpeKTOB ( 1 ,3 CM) 6e,n;peHHbIX KOC

TeM KpOJIMKOB Ha6JIIO,ZJ;aJiaCb ITOJIHaR KOHCOJIM,n;au;11R. 

ITpM 8TOM B KOHTpo.rre, B KOTOpOM B KaqecTBe TpaHc

r eHa MCITOJib30BaJIM reH , KO,ZJ;MPYIOI.QMM cp.rryopecu;eH

THbIM MapKepHbIM 6eJIOK (.rrIOu;ecpepa3a) 6e3 OCTeOMH

,n;yKTMBHOM aKTMBHOCTM, BO Bcex c.rryqa.Hx u;eHTpaJib

HaR qaCTb ,n;ecpeKTa coxpaHRJiaCb M 6bIJia BbIITOJIHeHa 

BOJIOKHMCTOM coe,n;MHMTeJibHOM TKaHblO. K HaCTORI.Qe

MY BpeMeHM ITPRMOM reHHbIM TpaHccpep in vitro MJIM 
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in vivo B OTHOilleHMM « KOCTHbIX ITOKa3aHMJ1 » MCITOJib-

3yeTCR ITpeMMyI.QeCTBeHHO ,D;JIR ce.rreKTMBHOM ou;eHKM 

6MOJIOfMqecKoro 8cpcpeKTa reHHbIX KOHCTPYKIJ;MM, BbI6-

paHHbIX ,D;JIR C03,D;aHMR reH-aKTMBMpOBaHHbIX OCTeO

ITJiaCTMqecKMX MaTepMa.rroB. TaK, G. Feichtinger M 

coaBT. [112] pa3pa6oTaJIM K0-8KCITpeccMOHHYIO I1Jla3-

MM,D;HYIO ,UHK c reHaMM, KO,n;MpyIOI.QMMM BMP-2 M 

BMP-7 , ITO,n;KomHaR MH'beKIJ;MR KOTopo:vr B BM,n;e pac

TBopa (20 MKr) B 46% c.rryqaeB ITPMBO,D;MJia K MH,n;yK

IJ;MM reTepoTOITMqecKoro ocTeorMcToreHe3a. 

HecMOTpR Ha ITOJIO)KMTeJibHbie pe3yJibTaTbI MC

ITOJib30BaHMR ITPRMOro reHHOfO TpaHccpepa, 6e3 Me

xaHJ1qecKoro 3aITOJIHeHMR KOCTHOro ,n;ecpeKTa OCTeO

KOH,ZJ;YKTMBHbIM MaTepMaJIOB, oco6eHHO B c.rryqae ITpO

TR.tKeHHbIX ( o6oeMHbIX) ,n;ecpeKTOB, 8cpcpeKTMBHaR KO

CTHaR ITJiaCTMKa HeBO3MO.tKHa. B 8TOJ1 CBR3M JIOfMq

HbIM ITpo,n;o.rrmeHMeM ITPRMOrO reHHOfO TpaHccpepa 

CTaJIM reH-aKTMBMpOBaHHbie OCTeOITJiaCTMqecKMe Ma

TepMaJibl. IlMK pa3pa6oToK TaKMX M3,n;e.rrM:vr, co,n;ep

maI.QMX reHHbie KOHCTPYKIJ;MM c bmp, ITPM1IIe.rrcR Ha 

2004-2007-e fO,ZJ;bI, qTo, B03MO.tKHO, CBR3aHO C ITpe,n;

IlleCTBOBaBillMMM co6bITMRMM - perMcTpau;Me:vr FDA, 

BHe,n;peHMeM J1 1IIMpOKMM MCITOJib3OBaHMeM B KJIMHM

qecKOM ITpaKTMKe Me,D;MIJ;MHCKMX M3,D;eJIMM, co,n;epma-

1.Q M x cp a KT op bl po c Ta BM P - 7 ( 0 P - 1 , «Stryker 

Biotech » , CIIIA) M BMP-2 (Infuse, «Medtronic » , 

CIIIA), B 2001 M 2002 r. cooTBeTCTBeHHO. 

B ,n;a.rrbHei11IIeM B CBR3M c ,n;eTaJIM3au;Me:vr ,n;aHHbIX o 

po.rrM aHrMoreHe3a B ITpou;ecce pereHepau;MM KOCTHOM 

TKaHM, a TaK.me BHYTPMKJieToqHbIX ITyTe:vr TpaHc,n;yK

IJ;MM CMrHaJIOB , peryJIMPYIOI.QMX ITpO.rrMcpepau;MIO, ,n;Mcp

cpepeHu;MpOBKY M MopcpocpyHKIJ;MOHaJibHYIO aKTMB

HOCTb KJieTOK OCTeo6.rraCTMqecKoro ,n;McpcpepoHa, Bee 

qaI.Qe B KaqecTBe TpaHcreHOB CTaJIM MCITOJib3OBaTb 

IToc.rre,n;oBaTeJibHOCTM, Ko,n;11py10I.QMe VEGF, a TaK

me CITeu;McpMqecKMe TpaHCKpMITIJ;MOHHbie cpaKTOpbl 

( CM. Ta6JI. 2 ). 
TaK, M. Keeney M coaBT. [ 113] pa3pa6oTaJIM reH

aKTMBMpoBaHHbIM OCTeOITJiaCTMqecKMM MaTepMaJI Ha 

OCHOBe KOM6MHMpOBaHHOro KOJIJiareHOBO-KaJibIJ;MM

cpoccpaTHOro MaTpMKCa M ITJia3MM,D;HOJ1 ,UHK, KO,D;Mpy

lOI.QeM VEGF-A165 (0,35 MKr/ MM3 HOCMTe.rrR). 3To M3 -

,n;e.rrMe 6bIJIO MMITJiaHTMpOBaHO MbIIllaM ITO,D;KO.tKHO, a 

TaKme B ,n;ecpeKTbI Me.tKMbII.QeJIKOBOM RMKM 6e,n;peH

HOJ1 KOCTM (,n;MaMeTp 1 MM, ,D;JIMHa 7 MM). HecMOTpR Ha 

TO qTo B reTepOTOITMqeCKMX ycJIOBMRX He 6bIJIO BbIRB

JieHO HM ITpM3HaKOB OCTeorMCTOreHe3a, HM CTaTMCTM

qecKM 3HaqMMbIX pa3JIMqMJ1 B KOJIMqecTBe cocy,n;oB , B 

opTOTOITMqeCKMX Ha6.rrIO,n;aJICR CTa TMCTMqecKM 3Ha qM

MO 60Jib1IIMJ1 o6oeM KOCTHOro pereHepaTa B 8KCITepM

MeHTaJibHOJ1 rpyITITe ITO cpaBHeHMIO C KOHTpo.rreM -

BBe,n;eHMe HOCMTeJIR C ,UHK, KO,D;MpyIOI.QeM Ma pKep

HbIM reH , qepe3 30 cyT ITOCJie oITepau;MM [ 11 3 ]. O,n;HaKo 

BbI6paHHYIO aBTOpaMM 8KCITepMMeHTaJibHYIO MO,n;eJib 

ou;eHKM 8cpcpeKTMBHOCTM OCTeOITJiaCTMqecKoro MaTe

pMaJia BBM,n;y MMHMMaJibHOfO pa3Mepa ,n;ecpeKTa 

HeJib3R cqMTa Tb OITTMMaJibHOM. 

B PoccMM TaKme 6bIJIM pa3pa6oTaHbI HeCKOJibKO 

Ba pMaHTOB reH-aKTMBMpOBaHHbIX OCTeOITJiaCTMqecKMX 

Ma TepMaJIOB C MCITOJib3OBaHMeM B Ka qecTBe TpaHcre-
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Ta6n. 2. Cocrna ,eHHb/X KOHCTPYKLJ,IIIM , pa3pa60T8HHb/X ,ll,f7fl IIIHJJ.YKLl, fllfll pen apaTIABHO,O OCTeOlfl1CTOIBHe3a ( KaK KOMnOHBHTbl 

,eH-8KTIIIBIIIP OB8HHb/X OCTe onnaCTfllllBCKIIIX MaTep111anoa fl/fl/II ,eHHO-KflBTOl./Hb/X 1113)].BfllllM) 

TpaHcreH BeKTop CchIJIKa 

feHbI , KO.D;J1pyIOII.I;I,1e cpa KTOpbI p o cT a / ropMOHbI 

angiopoietin-1 [149] 
IIJias MM,n;Ha.H JJ:HK [ 111] 

A,n;eHOBlilpyc [ 110] 
BMP-2 JieHTMBMpyc [150] 

BMP-4 

BMP-6 

BMP-7 (OP-1) 

BMP-9 

BMP- 12 
Cyclooxygenase- 2 (Cox- 2) 

EPO 

Epidermal growth factor 
EGF 

bFGF 

HGF 
HIF-la 

IGF-1 
Integrin-a5 

LIM mineralization 
protein-I (LMP-1 ) 

LMP - 3 

Nell- 1 

Osterix 

JimIOCOMaJibHbIM 
B e KTOp 

II.rra s Mlil,I.J;Ha.H JJ:HK 

P eTpOBMpyc 

II.rrasMM,I.J;Ha.H JJ:HK 

A,n;eHOBMpyc 

A.z:i;ettoacco~1,11,1poBaH-
HbIM BMpyc 

JieHTJ1BJ1pyc 

II.rra s MJ1,I.J;Ha.H JJ:HK 

A,n;eHOBMpyc 
A.z:i;ettoacco~1,11,1poBaH-

HbIM BMpyc 
P eTpOBMpyc 

II.rrasMM,I.J;Ha.H JJ:HK 
A.z:i;ettoB1,1pyc 

II.rras MM,n;Ha.H JJ:HK 

P eTpOBMpyc 

A,n;eHoB1,1pyc 

II.rrasMM,n;Ha.H JJ:HK 

II.rrasMM,I.J;Ha.H JJ:HK 

A.z:i;e ttoB1,1pyc 

JieHTJ1BJ1pyc 

II.rras MM,n;Ha.H JJ:HK 

JieHTJ1BJ1pyc 

P eTpoB1,1pyc 

A,n;eHOBMpyc 

A,n;eHOBMpyc 

P eTpoB1,1pyc 

[151] 

[152] 

[109] 

[153] 

[154] 

[155] 

[153] 

[156] 

[157] 

[158] 

[15 9] 

[1 60] 

[1 61] 

[1 62] 

[1 63] 

[1 64] 

[1 65] 

[166] 

[1 67 ] 

[168] 

[169] 

[1 70] 

[1 71] 

[172] 

[17 3] 

[174] 

Ha vegf-a, H O OT JivP-IaIOIIJ;MX CH rrpvrp o ,z:i;o:ti H OCMTe JieM 

(KCeHoreHHbIM K OCTHbIM MaT p vIKC, KOMIT0 3 MTHbIM Ma

TepvraJI v13 KOJIJiar e H a vr r v1,z:i;po Kcv1arra T v1Ta vr ,z:i;p. ) vr 

c rreu;vrqm KOM ITOCJie,IJ,OBa TeJibHOCTM r e HHOM KOH CTpyK

IJ;vlvl . Ilp vr 8TOM 8 q:> q:>eKT MBHOCTb v13,IJ,eJIMM 6 b IJia ITOKa-

3 aHa H a 6 o Jiee CJIO:>KH OM MO,IJ,eJIM - rrpvr 3aM e r.u; e HMM 

6vrJia TepaJibHbIX K paHMaJibHbIX ,z:i;ecpe KTOB T e MeHHbIX 

K OCTeM KpOJIMK OB ,z:i;vraMe TpOM 10 MM [104 , 114]. 
TaKvrM o6pa30M , aHaJivr3vrpyH pe3 yJihTaTbI vrccJie 

,z:i;o B a H vr :ti, K acam r.u;vrxcH pa3pa6oTKM reH-aKTMBvrpo 

B a HHbIX OCTeOrrJiaCTW-Ie CKMX Ma TepvraJIOB ( a TaKme 

reHHO- KJieT o qHo r o ITO,IJ,XO,IJ,a v1 rrp.HMOfO reHHOfO TpaHC

cpepa ), MO:>KHO 3aKJIIOqv1Tb , qTo 60JibilIMHCTB O v13 HMX 

rrpo,z:i;eMOHCTpvrpoBaJIM 6e3orraCHOCTb v1 BbICOKYIO 8q:> 

cpeKTMBHOCT b B MCITOJib3OBaHHhlX 8KCrrepvrMeHTaJib

HbIX MO,IJ,eJI.HX, He3aBMCMMO OT BM,IJ,a BeKTOp a v1 Ma T 

pHKCa- HOCMTeJI.H. O ,z:i;HaKO OCTaeTC.H p.H,IJ, TPY,IJ,HOCTeM , 

xa paKTepHbIX ,IJ,JI.H ,z:i;aHHOM rpyrrrrbl aKTMBMp OB aHHbIX 

TpaHcreH BeKTop ccbIJIKa 

f eHbI , KO,I.1;J1pyIOw;J1e cpaKTOpbI pocTa/ropMOHbI 

P DGF-A A,n;eHOBMpyc [175] 

PDGF-B 
II.rra3MJ1,I.J;Ha.H JJ:HK [176] 
A,n;eHOBMpyc [177] 

Para thyroid hormone II.rrasMJ1,I.J;Ha.H JJ:HK [178] (amino acids 1-34) 

TGF-~1 non-viral vector [179] (K)16GRGDSPC 

VEGF- A 
II.rrasMJ1,n;Ha.H JJ:HK [113] 
A,n;eHoB1,1pyc [180] 

BMP-2+BMP-7 A,n;eHOBMpyc [181] 

BMP-2+BMP-6 A,n;eHoB1,1pyc [182] 

BMP-2+IHH A,n;eHOBMpyc [183] 

BMP-2+VEGF A,n;eHOBMpyc [184] 

BMP-2+VEGF+IGF- 1 + [185] TGF-~1 

BMP-2+PDGF-b A,n;eHOBMpyc [186] 

RANKL+VEGF A,n;eHoacco~1,11,1poBaH-
[187] HbIM BMpyc 

BMP-2/BMP-7 II.rrasMM,n;Ha.H JJ:HK [1 12] 

BMP-2/BMP-4 JI1,1rrocoMaJibHbIM 
[188] BeKTOp 

BMP-6 / BMP-9 A,n;eHOBMpyc [189] 

BMP- 6/VEGF A,n;eHOBMpyc [190] 
,-,-;_ 

BMP-7 /IGF-1 A.z:i;ettoB1,1pyc [191] 

BMP-7/OPG II.rrasMJ1,n;HaH JJ:HK [192] 

f eHbI , KO,I.1;J1pyIOrn;J1e TpaHCKpJ1II~J10HHbie cpaKT OpbI 

Cbfal 
JieHTJ1BJ1pyc [193] 

A,n;eHOBMpyc [ 194] 

c-myb II.rrasMM,n;Ha.H JJ:HK [195] 

Runx2 
A.z:i;ettoB1,1pyc [1 96] 

P eTpOBMpyc [197] 

SOX9 A,n;eHoacco~1,11,1poBaH- [198] HbIM BMpyc 
caALK6+ Runx2 II.rrasMM,n;Ha.H JJ:HK [199] 
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Ma T e pvraJIOB vr Tpe6ymr.u;vrx rrpeo,z:i;oJieHvr.H: rrpovr3BO,n

c TBO , rrpo6JieMa cTepv1Jiv13au;v1v1, cTau,z:i;apTvr3vrpoBaH

H o ro KOHTPOJI.H coxpaHeHvr.H crreu;vrcpvrqecKoM aKTMB

H OCTM reHHbIX KOHCTPYKIJ;MM rrocJie 3aB eprneHvrH rrpo 

M3 BO,IJ,CTBeHHoro IJ;MKJia, ueo6xo,z:i;vrMOCTb ITOBb illieHMH 

ypoBHH TpaHcq:>eKIJ;vlvl HeBvrpycHbIX reHHbI X KOHCTpyK

IJ;MM vr o6ecrreqeHM.H MX rrpOJIOHrvrpoBaHHOfO vr KOHT

poJivrpyeMoro BbICBo6om,z:i;eHvr.H v13 CTPYKTYPbI uocvr 

TeJI.H ITOCJie MMITJiaHTau;v1v1. 

3 aKmoqem1e. ,[LeTaJivr3au;vrH oco6eHHOCTeM per y 

JI.HIJ;MM p erra pa TMBHOfO OCTeorMCTOreHe3a, ero ,IJ,MHa

MMKM v1 pe3y JibTa Ta B 3aBMCMMOCTM OT HaJiv1qv1J1 MJIM 

OTCYTCTBM.H OCTeoreHHOM He,IJ,OCTa ToquoCTM , a TaKme 

ITOHMMaHvre MexaHM3M OB ,z:i;eMCTBMH pa3JIMqHb lX rpyrrrr 

0CTeorrJiaCTMqec KMX MaTepttaJIOB , pa3pa60TaHHblX B 

paMKax ,IJ,BYX OCHOB H b IX TeXHOJIOrvrqecKMX TpeH,IJ,OB , 

IT03B OJI.HeT rrep eCMOTpeTb COBpeM eHHYIO CMCTeMy KO 

CT H 03aMer.u;amr.u;vrx v13,z:i;eJiv1:ti vr rrpe,z:i;JIO:>KMTb rrpvrKJia,z:i; -
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HYIO KJiaCCJ1(J)J1Ka~11IO: C pa3,n;eJieHJ1eM BCex MaTep11-

aJI0B Ha op8u1-lap1-lble 11 a1<:mwmp0Ba1-l1-lble. 

K Ka Terop1111 op,n;11Ha pHbIX CJie,n;yeT OTHeCTJ1 113-

,n;e JIMR 6e3 CTaH,n;a PTM311p0BaHHbIX ITO Ka qecTBeHHbIM 

J,1 K0JIJ11..JeCTBeHHbIM IT0Ka3a TeJIRM 6110Jior11qecKJ1 aK

T J1BHbIX K0MIT0HeHT0B. OcTeOKOH,ZJ;YK~J1R 11 B pR,n;e 

CJiyqaeB yMepeHHaR OCTeOMH,ZJ;YK~MR IT03B0JIRIOT Ta

K J1M MaTep11aJiaM OITTJ1MJ1311pOBaTb perrapaTMBHYIO 

pereHepa~11IO ,ZJ;JIR ycKopeHMR 11 yBeJI111..JeH11R o6ne

Ma HOB006pa30BaHHOM KOCTHOM TKaHM. OHJ1 IT0Ka3a

Hbl ,[(JIR BOCITOJIHeHMR KOCTHblX ,n;ecpeKTOB (11 ycTpa

He HMR aTpO(J)J1J1 qeJIIOCTeM) 6e3 OCTeoreHHOM He,n;oc

Ta T01..JH0CTJ1. OcHOBHOM rrpo6JieMoi1 ,n;aHHOM Ka Tero

pv111 OCTeOrrJiaCTJ11..JeCKJ1X Ma Tep11aJIOB RBJIReTCR HJ13-

Kli1M ocTeo11H,n;yKTJ1BHbIM rroTeH~MaJI , rro3T0MY x11-

pypr11, 3aqacTyIO Herrocpe,n;cTBeHH0 rrepe,n; 11MrrJiaH

Ta~11ei1 113,ZJ;eJIMR, BbIITOJIHRIOT ero J1MIIpOBJ1311pOBaH

HYIO, 8MIIJ1p11qecKyIO « aKTJ1Ba~J1IO » , CMeWMBaR Ma

T e p11aJI C KpOBbIO rra~MeHTa, ayTOKOCTHOM KpOWKOM 

(q arn;e B C00TH0WeHJ1J1 1: 1), ITJia3MOM, o6orarn;eHHOM 

TpoM60~J1TaMJ1, ITJia3MOM, o6orarn;eHHOM cpaKTOpaMJ1 

pocTa [115] 11 T.,n;. 

AKTJ1B11pOBaHHbie Ma Tep11aJibl 3a Cl..JeT 6110JIOrJ1 -

q e cKM aKTJ1BHbIX K0MIT0HeHT0B o6Jia,n;aIOT 0CTe0J1H,ZJ;yK-

11,v1ei1 J1 (11JIJ1) OCTeoreHHOCTbIO, IT03TOMY rrpM3BaHbl He 

CT0JibK0 rro,n;,n;epma Tb ecTeCTBeHHbIM XO,[( perra pa TJ1B

HOrO OCTeOrJ1CTOreHe3a , CKOJibKO J1H,ZJ;y~11poBaTb J1 

0 6 ecrre1..JJ1Tb ero BbIC0KYIO aKTJ1BH0CTb ,[(0 IT0JIH0ro r11-

CT OTJ1ITJ11..JeCKOro BOCCTaHOBJieHMR. TeopeTJ11..JeCKJ1 3TO 

,n;e JiaeT MX rrp11MeHJ1MbIMJ1 B 3aMern;eHJ1J1 He T0JibK0 

MaJibIX, HO 11 rrp0TR:IBeHHbIX ( o6neMHbIX) K0CTHbIX ,n;e

cpeKTOB, xapaKTep113yIOII.J;J1XCR OCTeoreHHOM He,[(OCTa

T0l..JH0CTbIO. II p0T0TMIT0M, CB0ero po,n;a 3TaJI0H0M aK

TJ1B11pOBaHHbIX MaTep11aJIOB RBJIReTCR ayToreHHaR 

K0CTHaR TKaHb - « 30JIOTOM CTaH,n;a PT » K0CTH03aMe

IIJ;aIOII.J;J1X Ma Tep11aJI0B [ 116], a rrepBorrp11qJ1HOJ1 MX 

pa3pa6oTKJ1 - He06XO,[(J1MOCTb C03,[(a Tb 3cpcpeKTJ1B

HY IO aJibTepHaT11By ayToreHHOM KOCTHOM TKaH11, 1..JT0 

M0r JI0 6bI IT03B0JIJ1Tb orpaHJ11..JJ1Tb J,1JIJ1 IT0JIH0CTbIO 0T

K a 3a Tb CR OT ee rrp11MeHeHJ1R. 

CJiomHOCTb cocTaBa 11 MexaHM3Ma ,n;ei1cTBMR aK

TMBMpoBaHHbIX OCTeOrrJiaCTJ11..JeCKJ1X Ma Tep11aJIOB rrpe

,n;o rrpe,n;eJIReT Heo6xo,n;11MOCTb rrpoBe,n;eHMR 6oJiee Trn;a -

T e JibHbIX CTaH,n;apT11311pOBaHHbIX ,[(OKJIJ1HJ11..JeCKJ1X li1C

CJie,[(OBaHJ1J1 C OT ,n;eJibHOM o~eHKOM aKTJ1BHbIX K0MIT0-

He HT0B ( cpaKTOpOB pocTa , KJieT0K J1JIJ1 reHHbIX K0HCT

p y K~MM) B acrreKTe 6e3orracHOCTJ1 11 6110Jior11qecKoro 

,n;e i1cTBMR. 

TaKMM o6pa3oM, rrpaKTJ11..JecKoe 3Ha 1..JeH11e pa3,n;e

Jie HMR BC ex OCTeOrrJiaCTJ11..JeCKJ1X Ma Tep11aJIOB Ha op

,[(MHa pHbie J1 aKTJ1B11pOBaHHbie B KOMITJieKce C ITOHJ1-

MaHMeM OCTeoreHHOM He,[(0CTa T01..JH0CTJ1 J1 yMeHMeM ee 

o~eHMTb (B TOM 1..JJ1CJie C ITOMOII.J;bIO 0,[(HOMMeHHOro J1H

,n;e KCa) C0CT0J1T B o6neKTJ1BJ13a~J1J1 BbI6opa Ha1160Jiee 

3cpcpeKTJ1BHOrO 113,ZJ;eJIMR ,[(JIR BOCITOJIHeHMR KOCTHbIX 

,n;e cpeKTOB B KOHKpeTHOM KJIJ1HJ11..JeCKOJ1 CJ1Tya~J1J1. 
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