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BMOJIOfMqECKME XAPAKTEPMCTMKM KOCTE3AMEIUAIOIUEH TKAHEMH)KEHEPHOH 
KOHCTPYKUMM HA OCHOBE KAJihUMH<l>OC<l>ATHOH KEPAMMKM, AYTOJIOfMqHhIX 

ME3EHXMMHbIX CTPOMAJibHbIX KJIETOK M <l>MBPMHOBOfO fM,UPOfEJIH 

B.E. MaMOHOB, A.I'. lJeMuc, B.C. KoMJZee, A.JI. E epKoecKuu, 

E.M. I'oJZy6ee, H. B. IlpocKypuHa, H.B. Ca4, H.lf. J(pu3e 

<t>fBY «f eMaToJ1on:,p-:1 ecRJ.1:t:1 ttayt..iHbIM u;e ttTp » MMH3,n;pa Ba PoccMM, 
<t>fBYH «11HCTMTYT MeTaJIJiyprMM M MaTepMaJioBe,n;eHMH MM. A .A. Ba11R0Ba » PAH, MocRBa , Pct> 

B UCCJleaoeaHUU in vivo npu 3anOJZ HeHUU Kpumu11eCK020 KOCmH020 aerpeKma MbLU'1eJZKa 6ea­
peHHOU KOCmu KpOfl UKQ u npu 3KmonuLteCKOU UMnfl aHmau,uu U3yLteHbl 6UOJl02U"leCKUe xapaK­
mepucmuKu Kocme1aMei«a10i«ei1 mKaHeUH:>1ceHepHou KOHcmpyKu,uu (THK) , Komopa51, BKJZ JO­
Ltafl a 2paHyfl5/m nopucmou KaJ1 b4uurjJocrjJamHou KepaMuKu (K<PK) cjJa3oeo20 cocmaea (mpu­
Kafl bu,uurjJocrjJam), rjJu6puHoebLU wapo2eJZ b u aymoJZO2uLtHbte MYilbmunomeHmHbte Me3eHxuM­
HbLe cmpoMafl bHbte KJZ emKu (aymo-MMCK), uHayu,upoeaHHbLe u HeuHayu,upoeaHH bLe K ocmeo-
2eHHou aurpcpepeH4Up06Ke. Ebtfl U OnpeaeJleHbl CJleayJOi«Ue 6UOfl02ULteCKUe xapaKmepucmUIW 
aaHHoi1 THK: cnoco6Hocmb K nepeHocy e ceoeM cocmaee :>1cu3Hecnoco6HbtX aymo-MMCK c 
coxpaHeHueM ux pe2eHepamopHO20 nomeHu,uaJZ a; cnoco6Hocmb aymo-MMCK K Heoocmeo2eHe-
3y mofl bKO e ycJZoeuflx opmomonuLtecKou uMnJZ aHmau,uu; aymo-MMCK, uHayu,upoeaHHbLe K 
ocmeoaucjJcjJepeH4upoeKe, y11acmey10m e penapamueH bLX npo4eccax e meLteHue He 6oJZee 6 Hea 
nOCJle UJvlnJlOHmau,uu; HecOmUBHOe BJl UJl,HUe rpu6pUH06020 wapoceJlR HO OCmeOKOHayKmUBHbLe 
ceoucmea K<PK e cocmaee THK. floKa3aHo, Ltmo aflR o6ecneLteHUfl ocmeo2eHe3a e uMnfla Hmu­
poeaHHou TJ1K, noMuMo HaJZ uLtufl :JICU3Hecnoco6Hbtx aymo-MMCK, Heo6xoauMo oaHoepeMeH­
Hoe npucymcmeue ocmeouHayKmueHbLX u ocmeoKoHayKmueHbLX rjJaKmopoe. Ee3 co6JZ10aeHu5l 
3mux ycJZ oeuu Hoeoo6pa3oeaHu51, Kocmu e KpumuLtecKoM KocmHOM aecpeKme u npu 3Kmonu-
11ecKoi1 uMnfl aHmau,uu He npoucxoaum. 

K J1 lO 4 e Bbl e C J1 0 Ba : KOCTe 3aMema10w,11e TeXHOJIOfHl1 , TKaHeHH)KeHepHbie KOHCTpyK­

UHH , KaJlbUHH(pOC(paTHa5I KepaMHKa, ayTOJTOfl14Hbie Me3eHXl1M HbJe CTp OMaJlbHbi e KJ1eT­

Kl1 , cp116pHHOBblH rn,nporeJib. 
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Biological characteristics of bone substituting tissue engineering construction ( TEC) that con­
tained porous calcium phosphate ceramic granulate (CPC) of phase structure ((tricalcium phos­
phate (TCP)), fibrin hydrogel and autologous multipotent mesenchymal stromal cells (auto­
MMSC) induced and non-induced to osteogenic differentiation were studied in vivo. The follow­
ing characteristics of TEC were determined: ability to transfer within its structure the viable 
auto-MMSC with preservation of their regeneration potential; ability to osteogenesis only under 
conditions of orthotopic implantation; ability of induced to osteogenic differentiation auto­
MMSC to participate in the reparative processes for not more than within 6 weeks after implan­
tation; negative affect of fibrin hydrogel on the osteoinductive properties of CPC within TCP 
structure. It was shown that to provide osteogenesis in the implanted TEC not only the viable 
auto -MMSC but simultaneous presence of osteoinductive and osteoconductive fa ctors was re­
quired. No bone formation in a critical bone defect and in ectopic implantation takes place 
without observance of these conditions. 

Key words : bone substituting technologies , tissue engineering construction , calcium 
phosphate ceramics , autologous m esenchymal stromal cells, fibrin hydrogel. 

BBe,n;em1e. C o3,n;aHJ1e 6J10Ma T e pMaJIOB c ocTe ore H­

H b IMJ1 CB OMCT B aMJ1 RBJIR eTcR aKTyaJibHOM 3 a,n;a 1.Je11 rrpM 

opraH OTJ1ITJ11.Je CKOM 3 aMe m;eHJ1J1 K pJ1TJ11.Je CKJ1X K OCT­

Hb!X ,n;ecp eKTOB [1-3]. EOJibIIIJ1e Ha,n;e:>K,D;bl B ee p e w e -
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HJ1J1 B03 Jia raIOT Ha J1CITOJib3 0BaHJ1e MY JlbTJ1ITOTe HTHbIX 

M e3eHXJ1MHbIX c T poMaJibHbIX K JieTOK (MMCK) B c o ­

cTaBe T K aHeJ1H:>Ke H e pHOM KOHC T p y K~J1J1 H a OCHOB e 

6J10MaTe pJ1aJIOB T p e Tbero ITOKOJie HJ1R , KOTOpbie, co-
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r.rracHo K.rraccmpMKa1v1M L. HenchL M J. Polak (2002), 
,IJ;OJIJR:Hbl 06ecITe1rnBa Tb ITepeHOC M C!)J!IKCaQMIO B Mee Te 
KOCTHOro ,z:i;ecpeKTa JKM3HecIToco6HbIX MMCK c coxpa­
HeHMeM J!IX pereHepa TJ!IBHOro ITOTeHQMa.rra [ 4-7 ]. 
B 60.Jibl.l.le:VI CTeITeHJ!I 3TJ!IM xapaKTepMCTJ!IKaM COOT­
BeTCTBYIOT KOMIT03J!IQJ!IOHHbie 6MOMa TepMaJibl Ha oc­
HOBe 6More.rrR M HeopraHwiecKoro cy6cTpaTa [8-10]. 
KaK ITpaBMJIO, ,z:i;.rrR 3TMX u;e.rreM MCITOJib3YIOT ITOpMc­
TYIO KaJibQMticpoccpaTHYIO KepaMMKY (Kct>K) Ha ocHo­
Be TpMKaJibQMMcpoccpaTa (TKct>), KOTopaR o6Jia,z:i;aeT 
OCTeOKOH,IJ;YKTJ!IBHbIMJ/1 CBOMCTBaMJ/1 [ 7, 11, 12]. 

UeJibIO pa6oTbI RBJIRJIOCb MCCJie,z:i;oBaHMe in vivo 
KOCTe3aMe~aIO~ero 6MOMaTepMa.rra, COCTOR~ero J/13 
ITopMcToii Kct>K cpa3oBoro cocTaBa TK<t> , ayTo.rrornq­
HbIX MMCK (ayTo-MMCK) M cpM6pMHOBoro rn,z:i;pore­
mr ( cp f). II PM C03,IJ;aHJ!IJ!I ,z:i;aHHOro 6MOMa TepMa.rra J!IC­
TIOJib30BaJIJ!I KOMTIOHeHTbl OTeqecTBeHHOro ITPOM3B0,IJ;­

CTBa: rpaHy JI.HT ITOpMCTOM pe3opfo.1pyeMOM Ket> K Ha 
ocHoBe TK<t>, BbICOKOaKTMBHbie, oqM~eHHbie M BMpyc­
MHaKTMBMpoBaHHbie npenapaTbl cpM6pMHOreHa M 

TpoM6MHa. 

MATEPJ/IAJibl J/1 METO,IJ,bl 

B pa6oTe J!ICTIOJib30BaJIJ!I B3pOCJibIX KpOJIJ!IKOB TIO­
p o,z:i;bI «CoBeTcKaR 111MH111M.rr.rra», caMQbI J1 caMKM Mac­
COM 2,8-3,5 Kr B B03pacTe 10-12 Mee B Haqa.rre 3KCITe­
pMMeHTa, KOTOpbIX ,IJ;OCTaBJIRJIJ/1 J/13 C!)J!IJIJ!IaJia «E eJiblM 
MOX » HayqHoro u;eHTpa 6MOMe,IJ;MQJ!IHCKJ!IX TeXHOJIO­
fJ!IM P AMH. iKMBOTHbIX co,z:i;epma.rrM B MH,IJ;MBM,z:i;yaJib­
HbIX ceTqaTblX KJieTKax, OHM TIOJiyqaJIJ.1 CTaH,n:apTHbIM 
KOM6J!IKOpM J/13 TpaBRHOM MYKM J1 coqHbie KOpMa. 3Kc­
nepMMeHTbl 6bIJIJ!I o,n:o6peHbl KOMJ!ICCJ!IeM TIO 6M0Me,n:J1 -
QJ!IHCKOM 3TJ!IKe ITPM J!IHCTMTyTe Me,n:MK0-6MOJIOfJ!Iqec­
KJ1X ITpo6.rreM PAH (npoToKo.rr N<~ 257). 

Cw-ime3 nopow1w T Kcp. ,U.rrR no.rryqeHMR nopo111-
Ka TK<t> 6bIJI MCITOJib30BaH MeTo,n: ocam,n:eHMH J.13 pa­
CTBopoB, OCHOBaHHbIM Ha ocam,n:eHMJ.1 J.13 0,5M paCTBO­
pa HMTpaTa KaJibQMH Ca(NO
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B peaKQJ10HHbIM cocy,n:, CHa6meHHbIM MexaHJ1qec­
KO J1 Me111a.rrKOJ1, ITOMe~a.rrM 0,5M pacTBop Ca(NO 3\ . 

3aTeM Me,n:JieHHO, npM TIOCTOHHHOM nepeMel.l.lMBaHJ!IJ.1 
no Kan.JI.HM ,n:06aBJIHJIJ1 0,5M pacTBop (NH

4
\ HPO

4
• 

Oca,n:oK OTC!)J!IJibTpOBbIBaJIJ.1 , cy111MJIJ!I B cy111J1JibHOM 

111Kacpy ITPM TeMITepa Type 100°C. IIocJie,n:yIO~ee 
npoKaJIMBaHMe nopo111Ka ITPOBOLJ:MJIM npM TeMnepaTy­
pe 700°C. 

llo.11,y1te1-iue o6oeM1-iblX 1<:epaMu1teC1<:ux Mamepua­
.JWB. }13 ITo.rryqeHHOM MaCCbl ITOpo111Ka fOTOBJ!IJIJ/1 111.JIJ!I­
Kep: cycITeH3J!IIO nopo1110K/ 6MOTIOJIMMep CMel.l.lMBaJIM 
C B0,ZJ;HbIM paCTBOpOM IT0JIMaKpMJiaMM,n:a (IIAA) B co-

0THOl.l.leHJ!IJ,1 rropo1110K: Bo,n:a: IIAA 1: 1: 1, rroJiyqeHHbIM 
111.JIJ!IKepoM ITP0ITJ1TbIBaJIM 3afOT0BKJt1 1,13 5:rqeJ!ICTOM ITO­

JIMMepHOM Ma TPMQbI. 
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O6mMr cpopMOBOK TK<t> rrpOBO,ZJ;J!IJIJ/1 B CJ!IJIJ!ITOBOM 
neqJ!I conpOTJ!IBJieHMH, B a TMOCcpepe B03,n;yxa, co CKO­

pOCTbIO HarpeBa ITO pemMMy: ,n:o 300°C 3a 30 MJ!IH 6e3 
BbI,n:epmKM, ,n:o 600°C 3a 2,5 q C ITOCJie,n;yro~eM BbI­
,n:epmKOM B TeqeHMe 30 MMH, ,n:o 1300°C 3a 1,5 q c 
BbI,n:epmKOM 2 q ( c u;eJibIO Bbl)KJ!IfaHJ!IH opraHJ!IqecKOM 
cocTaB.rrRIO~eM, c coxpaHeHMeM u;eJIOCTHOM cTpyKTy­
pbI KepaMJ!IKJ!I) . 

Ox.rram,n:eHMe o6pa3QOB ,n;o KOMHa THOM TeMITepa­
TYPbl ITPOBOLJ:MJIM B BbIKJIIOqeHHOM rreqJ!I_ ,UJIR ,n:aJib­
HeM111Mx 3KCITepMMeHTOB in vi VO OT6MpaJIM cppaKQJ!IIO 
pa3MepoM 250x50 MKM, KOTopyIO ITO,n:BepraJIM CTepM­
JIJ13aQMJ!I aBTOKJiaBMpOBaHMeM rrpM TeMrrepaType 

180±50°C B TeqeHMe 1 q cor.rracHo MY-287-113. 
llo.11,y1te1-iue 1W1-i'l{e1-impamo6 mpoM6u1-ia u ifJu6pu-

1-i0Ze1-ia. IIpeITapaT cpM6pMHOreHa TIOJiyqaJIJ/1 J/13 KpMO­
ITpeu;MITJ!ITa Ta CBeme3aMopomeHHOM ITJia3MbI ,ZJ;OHOpOB. 

PacTBop KpMOITpeu;MITMTa Ta o6pa6a TbIBaJIM re.rreM rM,n:­
pooKMCM aJIIOMJ!IHJ!IR, qTo CHMJKaJIO aKTJ!IBHOCTb cpaK­
TOp0B npoTpOM6MHOBOrO KOMITJieKca c O, 7 ,n:o O, 01 
ME/ MJI M ITpe,n:OTBpa~aJIO aKTMBaQMIO cpM6pMHOreHa 
B ITpou;ecce ,n;a.rrhHeM111ero BbI,n:eJieHMH [ 13]. ct>M6pMHO­
reH ocam,n:a.rrM, ,n:o6aBJIRH ITOJIJ!I3TMJieHrJIMKOJib ,D,0 KOH­
u;ettTpaLI;MJ/1 2- 3 r / JI. Oca,n:oK paCTBOpRJIJ/1 B IJ;MTpa T­
HOM 6ycpepe ,n:o KOHQeHTpau;MM 25-30 r / JI , ITo,n:,n:ep­
mMBaH pH B ,n:Marra3oHe 7,5-8 ,0. B ITo.rryqeHHOM pa­
CTBope npOBO,ZJ;J!IJIJ/1 MHaKTMBaQMIO BMpycoB, ,n:o6aBJIRH 
TBMH-80 M TpM-H-6yTMJI cpoccpaT ,n:o KOHLI;eHTpaLI;MM 
1 % M 0,03% COOTBeTCTBeHHO. IIpou;ecc J!IHaKTMBaQMJ!I 
BMpycoB ocy~eCTBJIRJIJ/1 ITPM TeMITepaType 25°C B Te­
qeHMe 6 q_ BMpycMHaKTMBMpyIO~Me peareHTbI y,n:a­
JIHJIM TpexKpaTHOM 3KCTpaKu;MeM paCTBOpa cpM6pM­
HOreHa Ba3eJIJ1HOBbIM MaCJIOM. 3a TeM cpM6pMHOreH 
,n:ByKpaTHO ITepeocam,n:aJIM, ,n:o6aBJIRH B paCTBOp fJIJ!I­
QJ!IH ,n:o KOHLI;eHTpau;1,11,1 1,5 M / .rr. ¢M6pMHOreH Bbma­
,n:a.rr B oca,n:oK, a 60Jibl.l.lJ!IHCTBO 6a.rr.rraCTHbIX 6e.rrKOB 
y,n:a.rrHJIM. IIoc.rre ITepeocam,n:eHMH cpM6pMHoreH pacTBO­
pHJIM B IJ;MTpaTH0M 6ycpepe ,n:o KOHLI;eHTpaLI;J!IJ!I 25 r / JI , 
C!)J!IJibTpOBaJIM qepe3 CTepMJIM3YIO~J!IJ1 C!)J!IJibTp , pa3-

JIJ!IBaJIJ!I BO cp.rraKOHbl ITO 2 MJI J/1 JIJ!IOC!)J!IJIJ!I3J!IpOBaJIJ!I. 
,U.rrH ITOJiyqeHMR pacTBopa cpM6pMHOreHa K JIJ!IOC!)J!IJIJ!I -
3J1pOBaHHOMY KOHIJ;eHTpa TY cpM6pMHOreHa ,n:o6aBJIHJIJ,1 
2 MJI ,ZJ;J!ICTJ!IJIJIJ1poBaHHOM BO,ZJ;bl ,ZJ;JIR J!IH'beKQJ!IM M ITO­
Mel.l.lMBaJIJ!I Ha BO,ZJ;HHOM 6aHe ITpM 3 7°C B TeqeHJ!Ie 

5 MMH ,n:o IT0JIH0r0 paCTBOpeHJ!IH ITpeITa pa Ta. 
KpMocyrrepHaTaHT HaTMBHOM rr.rra3MbI (KCH) ,n,o­

HopoB J!ICITOJib30BaJIJ!I B KaqecTBe CblpbR ,D,JIH ITOJiy­
qeHMR TpoM6Mtta. 1-13 KCH BbI,n:e.rrRJIM rrpoTpoM6MHO­
BbIM KOMIT.rreKc cop6u;MeM Ha DEAE-Sepharose FF 
MeT0,D,0M KOJIOHQqHQM xpoMaTorpacpMM J!IJIJ/1 Ha 
DEAE-Sephadex A-50 MeTo,n:oM xpoMaTOrpacpMM B 
o6oeMe [14]. B pe3yJihTaTe rroJiyqaJIM pacTBop, co­
,n:epma~MM 8-12 ME/ MJI ITpoTpoM6MHa. ,UJIR aKTM­
BaQMM ITPOTpOM6MHa paCTBOp ,D,MaJIJ/130:SaJIM ,D,JIR ,D,0-
Be,n,eHMR KOHLI;eHTpaLI;MJ/1 XJIOpM,n,a HaTpMR B HeM ,D,0 
cpM3Mo.rror1,1qecKoro ypoBHR 0,15 M , 3aTeM ,n,o6aBJIR­
JIM XJI0pM,D, KaJibIJ;MR 1,1 0CTaBJIRJIJ!I Ha 18 q rrpM rrepe ­
Mel.l.lMBaHMJ!I rrpM TeMrrepaType 10-15°C [15]. B ITpo­
u;ecce Jt1HKy6aQMJ!I rro,n: ,n,eMCTBJ!IeM MOHOB KaJibQJ!IH M 

KOMIT0HeHT0B rrpoTpOM6MHOBOro KOMITJieKca rrpoMC-
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X0,ll;Il!Jia TpaHccpopMaQMR rrpoTp OM6J1Ha B aKTJ1BHbIJ1 

TpoM6MH, rrpw-IeM 113 1 ME rrp oTp oMforna y ,n;aJI0Cb rro­
Jiyq11Tb 70-80 ME TpoM611Ha. B pacTBop e TpoM611Ha 

rrp0B0,ll;J1JIJ1 J1HaKTJ1BaQJ1IO BMp ycoB B y cJI0BJ1RX, 0ITJ1-

caHHbIX BbIIlle. QqJ1CTKY TPOM6J1Ha OT rrpo,n;yKT0B BJ1-

PYCHOM 11HaKTvrnaQJ1J1 11 6aJIJiaCTHbIX 6eJIKOB rrpoBo­
,ll;MJIM xpoMa TorpacpMeM Ha CM-Sepharose FF [ 16]. 
B pe3y JibTa Te 6bIJI rroJiyqeH BbICOKooqmu;eHHbIM Tp0M-
6MH c aKTJ1BH0CTbIO 2-3 TbIC. ME/ MJI. IIoJiyq eHHbIM 

paCTB0p pa3B0,ll;Ji1JIJ1 6ycpepoM ,IJ;JIR Jili10Cf)J1JIJ13aQMJi1 ,n;o 
aKTJi1BH0CTJ1 TpOM6J1Ha 0K0JI0 500 ME/ MJI, ,n;o6aBJIRJIJi1 
,ll;JIR CTa6J1JIJ13aQJi1Ji1 qeJIOBeqecKMM aJib6yMMH ,n;o K0H­

QeHTpaQJ1J1 10 r / JI, CTepMJibH0 Cf)J1JibTp OBaJIJ1, pa3-
JIMBaJIM BO Cf)JiaKOHbI ITO 1 MJI Ji1 JIJ10Cf)li1JIJ13MpOBaJIM. 
,UJIR IT0JiyqeHMR paCTB0pa TpOM6MHa K JIJ10Cf)li1JIJi13J1-

poBaHH0MY K0HQeHTpa TY TPOM6J1Ha ,n;o6aBJIRJIJi1 5 MJI 
Cf)M3MOJIOrJ1qecKoro pacTBopa. 

llo11,y'l.{e1-lue, KYAbmueupoea'/-lue, u1-l8ym1uJi K oc­
meo2e1-l1-loii aw;p<j5epem1upoe1<:e u .Map 1<:upoea1-lue 
MMCK 1<:po11,u1<:a. ,UJIR rroJiyqeHMR ayTo-MMCK rro,n; 

cpyTJIRpHOM HOBOKaMHOBOM 6JIOKa,IJ;OJ1 20 MJI 0,5% pa­
CTB0pa H0B0KaMHa (OAO «OpraHMKa ») acrr11pMpoBa­
JIJ1 KOCTHbIM M03r Ji13 ,ll;MCTaJibHbIX MbII.IJ;eJIK0B 6e,n;­
peHHbIX KOCTeM Kp0JIMKa. IIoJiyqaJIM 1, 5 - 2 MJI K0CT­

H0 r o M03ra B rrpo6MpKM C 500 E ,n;/MJI r errapMHa 
(«Sig ma»). 

,UJIR BbI,ll;eJieHMR R,n;poco,n;epmaI.IJ;MX KJieT0K K0CT­

HbIM M03r rroMeI.IJ;aJIM B rrMTa TeJibHYIO cpe,n;y aMEM 
(«ICN») c 0,1 % MeTMJIQeJIJIYJI03bI (1500 cII , «Sig ma») 
M 0CTaBJIRJIM Ha 40 MMH rrpM KOMHaTHOM TeMrrepaTy­

pe. 3a 3T0 BpeMR 60JiblllaR qacTb 3pli1TP0QJ1T0B Ji1 rpa ­

HY JI0QMT0B oce,n;aJia, a R,n;poco,n;epm a111;Me KJieTKM oc ­
TaBaJIMCb BO B3BeCM. Ha,n;oca,n;oqHyIO :>KM,IJ;K0CTb co611-

paJIJ1 M ocam,n;aJIM QeHTpMcpyrnp oBaHMeM rrp11 1500 
06 / MMH B TeqeHMe 10 MMH. KoJIJ1q ecTBO R,n;epHbIX KJie­

T0K orrpe,n;eJIRJIM rrpM rro,n;cqeTe C r eHQMaH- BM0JieT0M 

(1 % pacTB0p Ha 3% yKcycHOM KMCJIOTe). Cpe,n;Hee K0-

JIJi1qecTBO R,n;poco,n;epma 111; 11 x K JieT OK COCTaBJ1JIO 

22. 106
. 3aTeM KJieTKM B3BeIIIJ1BaJIJ1 B ITOJIHOM ITJ1Ta­

TeJibHOJ1 cpe,n;e aME M c 10% cpeTaJihHOM 6b1qber1 CbI­
BopoTKM ( «Hyclone» ), 2 MM L - rnyTaMMHa ( «ICN » ) , 

100 e,n; / MJI rreHMQMJIJIMHa («<PepeMH »), 50 MKr / MJI 
CTperrT0MMQMHa ( «<Pep eMH») 113 pacqeTa 3 . 106 KJie ­

T0K Ha Cf)JiaKOH C ITJI0I.IJ;a,ll;bIO ,n;Ha 25 CM2
. IIocJie cpop­

MI1p0BaHI1R KOHCf)JiyeHTHOr O M0H0CJI0R KJieTKJ1 CHJ1-

MaJIJ1 0,25% p aCTB0p 0M TPI1ITCI1Ha , rrp11r0T0BJieHH0ro 
Ha 0,02% EDT A ( «ICN ») B cp113110Jiornq ecKoM p acTB0-

pe («Sigma»), 11 paccam11BaJIM 113 p acqeTa 4 · 103 KJie ­

T0K Ha 1 CM2 IT0BepxH0CTM ,n;Ha Cf)JiaKOHa. 

OcTeor eHHYIO ,n;11cpcpepeHQMp OBKY 11H,n;yQ11p oBaJIM 
,n;o6aBJiem1eM 0 ,1 MKM ,n;eKcaMeTa3oHa , 0 ,15 MM 

2- cpoccpaTa acKop6MHOBOM KMCJI0Thl TpI1HaTpI1eBOJ1 

coJI11 («Sigma») 11 3 MM NaH
2
PO

4 
(«Sigma») B cpe,n;y 

,n;JIR KYJibTJ1B11poBaH11R MMCK. K JieTKM KYJibTMB11p o­

BaJIJ1 B Teqem1e 2- 5 ,n;HeM. ,UJIR MapK11p oBaHJ1R MMCK 

Ji1CITOJib30BaJII1 JieH TMB eKTOpbI T p eTb e r o ITOK OJie H MR 

LeGo, co,n;epmaru;11e reH 3eJieHoro 6eJIKa eG FP M Kpac­

Horo 6eJIKa Cherry (C2), c ,n;eJieTMpoBaHHbIM rrpoMo­

TopoM . B 11p y CHbie CT OKJ1 rroJiy qaJIJ1 C ITOMOI.IJ;bIO KaJib­

QJ1eBocpoccpa THOJ1 TpaHccpeKQMM rrJia3MI1,D; phCMVC-
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V S V - G (R 86 1) , p G pur(R 1246), pMDLg/pRRE 11 
p RSV R evB KJieTKM P hoenixG P , JII06e3HO rrpe,n;ocTaB­
JieHHbIX rrp ocp. E. <Per13e (B. F eh se; Universitity Hospi­

tal E ppendorf , faM6ypr ). B 11pycHhie qacTMQbI K0H­

QeHTp11p oBaJI11 B 100 pa3 rryTeM QeHTp11cpyr11poBa­
HJ1R B TeqeHMe 3, 5 q rrp11 18000 06/MMH. Orrpe,n;eJie­
HMe TMTpa BMpyca rrp0B0,ll;J1JIJ1 Ha KJieTKax JIJ1HJ1J1 293T 
11 PhoenixG P . 

,UJIR 3a pameHMR MMC K JieHTJ1B11p ycHbIM BeKT0-
poM 113 Cf)JiaKOHOB IT0JIH0CTbIO OT611p aJIJ1 cpe,n;y ,D;JIR 
KY JibTJ1BI1p0BaHMR J1 HaH0CJ1JIJ1 Ha IT0,ll;CJI0J1 BMpyCHbie 
qacTMQbI 113 pacqeTa rrpMMepH0 3 . 107 Ha Cf)JiaKOH C 

rrJI0111;a,n;hIO ,n;Ha 175 cM 2 B 7 MJI cpe,n;bI a MEM c 10% 
8M6p110HaJibHOM TeJIJiqbeM CbIB0p0TKM J1 8 MKr/MJI 
rroJI116peHa («Sig ma»). q epe3 6 q cp e,n;y 3aMeHRJII1 Ha 

25 MJI ITOJIHOM ITI1TaTeJibHOJ1 cpe,n;bI. 3 ap ameHJ1IO rro,n;­

BepraJIM rrp11MepHo 60% KYJibTJ1B11p oBaHHbIX MMCK. 

IIepe,n; MMrrJiaHTaQMeM M M C K CHMMaJI11 Tp 11rrc11H0M. 
Ma pKepHbie r eHbI C2 MJIM G FP 11crr0Jib30BaJI11 rrooqe­

pe,n;Ho B rrorryJIRQMM MMCK KaK J1H,n;y Q11poBaHHbIX K 

OCTe ore HHOM ,n;11cpcpe p e HQI1pOBKe, TaK J1 He J1H,IJ;YQI1-

poBaHHbIX ,IJ;JIR Ji1CKJIIOqe HJ1R BJIJ1RH J1R reH eT11qecKoro 

MapKepa Ha p ereHepaTMBHYIO cpyHKQMIO KYJibTJ1BJ1-
poBaHHbIX MMCK. 

llo11,y'l.{e1-lue T MK 1-la oc1-loee c/JI' u MMCK. IIepBbIM 

K0MIT0HeHT ,ll;BYXK0MIT0HeHTHOM CJ1CTeMhl IT0JiyqaJIM 

rrp11 ,n;o6aBJieHMM ayTo-MMCK B K0Jiw-recTBe OT 1 ,n;o 
19,8 . 106 (B cp e,n;HeM 6,3 . 106

) , B3BeIIIeHHbie B 0 ,5 MJI 

ITI1Ta TeJibHOM cpe,n;bI K 1 MJI pacTB0pa cp116p11HoreHa. 

B TopoM K0MIT0HeHT rrpe,n;cTaBJIRJI co6or1 paCTB0p 

TPOM6J1Ha c aKTJ1BH0CTbIO 50 E ,n; B o6neMe 0,5 MJI. 

O6a K0MIT0HeHTa CJ1CTeMbI M0:>KH0 6bIJIO BBeCTJ1 

q e p e3 OCf) I1Q J1H aJibHbie Me,IJ;J1Q J1H CKJ1e Mr JibI ,n;MaMeT­

poM OT 0,6 MM J1 6oJiee. IIp11 CMeIIIJ1BaHJ1J1 ,n;Byx K0M­
IT0HeHT0B rrp0I1CX0,ll;I1Jia IT0JIJ1MepM3aQJ1R cp116p11Hore­

Ha, qTo crroco6cTBOBaJio cp11KcaQJ1J1 MMCK B cocTaBe 
ITJIOTH0 -3JiaCTJ1qHo ro cryCTKa B ITOJIOCTJ1 KOCTHOro ,n;e ­

cpeKTa. 

llo11,y'l.{e1-lue TMK 1-la oc1-loee 2pa1-ly11,Jim a n opucm oii 
Kc/JK u c/JI'. B cocTaB K0MIT03MQM0HHoro MaTep 11aJia 
Bxo,n;11JI11 rrop11cTb1e r p a Hy Ji bI K<P K p a3 Me p o M 

250 MKM, 06111;er1 rropMCT0CTbIO 70%, (p a3Mep rrop OT 
10 ,ll;O 50 MKM) . 

IIepBbIM K0MIT0HeHT CJ1CTeMbI IT0Jiyq aJIJ1 CJie,n;y IO­

I.IJ;MM o6pa30M: B 1 MJI p aCTB0pa cp116p 11HoreHa IT0Me-

111;aJIJ1 OT 3 ,4 ,n;o 9,9 · 106 MMCK B BM,n;e B3Bec11 B 

0,5 MJI ITJ1TaTeJibHOJ1 cp e,ll;bl. ,UaJiee K rroJiyq eHH0MY 

o6n eMy ,n;o6aBJIRJIJ1 1 MJI rpaHy JIRTa rrop I1CTOJ1 K<P K. 

,Uo6aBJieH11e Kep aM11qecK11x rpaHy JI B cocTaB ,n;aHi-Ior o 

K0MIT0HeHTa T MK ,n;eJiaJio HeB03M0:>KHbIM J1H'beKQJ1 -

0HHoe BB e,n;eH Me qepe3 CTaH,n;a p T HbIM M e ,D; J1QJ1HCKJ1J1 

IIIrrp MQ TMrra L uer. 

IIocJie ,n;o6aBJieHMR K rrepBoMy K0MIT0HeHTY 50 E ,n; 

Tp oM611Ha B 0,5 MJI cp113110Jior11qecKor o pacTBopa rro­

Jiy qaJI11 ITJI0TH0- 3JiaCTJ1qHy IO cy 6cTaHQJ1IO, K0TopaR 

M0r Jia 6bITb MaJI0Ji1HBa3J1BH0 BBe,n;eHa B K0CTHbIM ,n;e­

cpeKT MbIID;eJIKa q ep e3 Ty6yc ITJiaCT,I1K0B0ro Me,D;J1QJ1H­

CKOro rrmpMQa. IIJiaCTJ1qHOCTb Ma T e p 11aJia I103BOJIR Jia 

ITOJIHOQ e HHO 3 aITOJIHRTb ITOJIOCT b KOCTHOro ,n;ecpeKTa 

CJIO:>KHOM reo M e Tp11qe cKOJ1 cpo pMbI. 
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9Kmonu'l{,eC'KaJL no8'KOJIC1-laJL u opmomonu'l{,eC'KaJL 
U.MnJ1,auma1tuJL 6 Kpumu'l{,ecKuu ae<jJe'Km cnou2uo3-
uou 'KOCmU ( .Mbl?4eA1W6QJL .Mo8eAb ). ,Il;JIH ITpoqnrnaK­

TMKM MHcpeKLI;MOHHbIX OCJIOJI·rneHMM BCeM mMBOTHbIM 

3a 3 q ,z:i;o OITepau;MM BBO,ll;MJIM 3HpocpJIOKcau;MH B ,ll;03e 

10 Mr /Kr ITO,ll;KOmHO, 3a TeM B TeqeHMe ITOCJie,z:i;yrom;Mx 

5 ,z:i;HeM B TOM me ,ll;03e ITO,ll;KOmHO 1 pa3 B cyTKM. 

B Ka qecTBe Mo,z:i;eJIM KpMTMqecKoro ,z:i;ecpeKTa ry6-

qaToM KOCTM ,MCITOJib3OBaJIM MO,ll;eJib ,z:i;ecpeKTa MbII.IJ;eJI­

KOB 6e,z:i;peHHOM KOCTM. Bcero BbIITOJIHeHO 50 OITepau;MM 

Ha 25 mMBOTHbIX (MCITOJib30BaJIM o6e KOHeqHOCTM). 

OITepau;MM ITpOBO,ll;MJIM B aceITTMqecKMX ycJIOBMHX ITO,z:i; 

cpyT JIHpHOM aHecTe3MeM 6e,z:i;pa, ,ll;JIH qero MCITOJib30-

BaJIM 20 MJI 0,5 % pacTBopa HOBOKaMHa (OAO «Opra­

m ma» , PoccMH). 113 ITpoeKLI;MOHHoro pa3pe3a ,z:i;JIMHOM 

2 CM BbI,z:i;eJIHJIM Ha pymHbIM MbII.IJ;eJIOK 6e,z:i;pa. CBep­

JIOM ,z:i;MaMeTpOM 5 MM ITPOM3BO,ll;MJIM paccBepJIMBaHMe 

HapymHoro MbII.IJ;eJIKa 6e,z:i;peHHOM KOCTM B ITOITepeq­

HOM HaITpaBJieHMJ/I Ha r Jiy6MHY 1 -1, 2 CM ,z:i;o KOpTM­

KaJibHOM ITJiaCTMHKM BHyTpeHHero MbII.IJ;eJIKa. KocT­

HbIM ,z:i;ecpeKT 3aITOJIHHJIM J/ICCJie,z:i;yeMbIM 6MoMaTepMa­

JIOM. Pa Hy ITOCJIOMHO YlllMBaJIM Har Jiyxo. 11MM06MJIM-

3 au;Mro KOHeqHOCTM He BbIITOJIHHJIM. 

IIo,z:i;KomHyro 3KTOITJ!IqecKyro MMITJiaHTaI.J;MIO ocyw;e­

CTBJIHJIM J/13 Tex me ,ll;OCTYITOB. TyITbIM ITyTeM cpopMM­

p oBaJIJ/1 ITO,ll;KOmHbIM TOHHeJib 4 CM B ITpOKCMMaJibHOM 

HaITpaBJieHMM. BMOMa TepMaJI J/IMITJiaHTMpOBaJIM B ccpop­

MMpOBaHHbIM ITO,z:i;KomHbIM TOHHeJib. IIo,z:i;KomHyro MM­

ITJiaHTau;Mro ocyw;ecTBJIHJIM TOJibKO ,z:i;JIH TMK c Ket> K. 

Memo8bl 0'4,e1-l'KU noAy'l{,e?-l?-lblX pe3yAbmamoB. 
IIoJIHOTY 3aITOJIHeHMH KOCTHoro ,z:i;ecpeKTa, ,z:i;MHaMMKY 

KOCTeo6pa30BaHMH M pe3op6u;MM KepaMMqeCKJ/IX rpa­

HY JI ou;eHMBaJIM peHTreHOJIOrMqecKM. II pM Bbrne,z:i;eHMM 

m MBOTHbIX M3 3KCITepMMeHTa BbIITOJIHHJIM ayTOITCMIO C 

cpoTorpacpMpOBaHMeM LI;McppOBbIM CJ)OTOaITITa pa TOM. 

IIpM MCITOJib3OBaHMJ/I MbII.IJ;eJIKOBOM MO,ll;eJIJ/1 KpOJIMKa 

BbIITOJIHHJIM ITOITepeqHbIM cpe3 B 3OHe paccBepJIMBa -

HMH MbII.IJ;eJIKa. Ou;eHMBaJIM opraHoJieITTMqecKMe xa­

p aKTepMCTMKM , BaCKYJIHpM3aLI;MIO, ITpoqHOCTb MaTe­

p MaJia B cpaBHeHMJ/1 C OKpymarom;eM KOCTbIO, cpaw;e­

HMe Ma TepMaJia co CTeHKaMM KOCTHOro ,z:i;ecpeKTa. 

HoBoo6pa30BaHMe KOCTHOM TKaHM, OCTeOKOH,ll;yK­

TJ/IBHbie cBOMCTBa Kct>K ou;eHMBaJIM ITocpe,z:i;cTBOM rMc­

TOJIOrMqecKoro MCCJie,z:i;oBaHMH o6pa3I.J;OB 6MOJIOrMqec­

KMX Ma TepMaJIOB. IIoJiyqeHHbie o6pa3LI;bl CJ)MKCMpOBa­

JIM B cpopMaJIMHe, ,z:i;eKaJibIJ;J!IHMpOBaJIM, ITpMrOTaBJIM­

BaJI J/1 cpe3bl TOJII.IJ;MHOM 5 MKM , OKpalllMBaJIM reMaTOK­

CMJIMHOM J/1 3O3MHOM (ITO PoMaHOBCKOMY - fMM3e) M 

ITO BaH TM30Hy. BbIITOJIHHJIM MMKpocpoTorpaMMbI C 

y BeJIMqeHMeM 50, 100, 200 Ha CBeTOBOM MMKpOCKOITe 

L eica DM LB. 

,UJIH IIUP-aHaJIM3a ,IJ;HK Ha HaJIJ!IqMe re Ha eG FP 

MCITOJib30BaJIM ITpaMMepb1 EGFP-wl: 5'-ATGGTG­

AGCAAGGGCGAGGA-3' (ITpHMOM) M EGFP-Cl : 

5'-AGACGTTGTGGCTGTTGTAG-3 ' (o6paTHbIM), rro-

3BOJIHIOru;Me CJ/IHTe3MpOBaTb cpparMeHT ,ll;JIJ/IHOM 454 ITH. 

B KaqecTBe BHyTpeHHero KOHTpOJIH ,ll;JIH IT0)];TBepm,z:i;e­

HMH HaJIJ!IqMJI M u;eJIOCTH0CTM aHaJIM3MpyeMoM ,IJ;HK 

J/ICI1OJib3OBaJIM ITpaMMepbI, KOMITJieMeHTa pHbie re Hy 

Smc: SmcVD 5'-GAGAGGAGGATCTTGGACCT-3 ' 
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(ITpHMOM) M SmcUR 5'-CACCGACGGTCCTTG ­

CAGAT-3' (o6paTHbIM), IT03BOJIHIOI.IJ;Me CMHTe3MpoBaTb 

cpparMeHT ,ll;JIMHOM 360 ITH C KOITMM reHa, JIOKaJIM30BaH­

HOM Ha X-xpOMOCOMe. O6e ITa pbl ITpaMMepoB MCITOJib-

3OBaJIM B MYJibTJ/IITJieKCHOM BapMaHTe B KOHLI;eHTpa­

IJ;MM 0,5 MKM Kam,z:i;oro. Bo3MOmHo TaKme MCITOJib30Ba­

HMe rrpaMMepoB Smc B K0HLI;eHTpau;MM 0,125 MKM. IIo­

JIMMepa3HYIO u;eITHYIO peaKLI;MIO ITPOBO,ll;MJIM B 32-36 

I.J;J/IKJI0B B CJie,z:i;yrom;Mx ycJIOBJ/IHX: ,z:i;eHaTypau;MH 94°C 

- 1 MMH , OTmMr 62°C - 1 MMH, CMHTe3 72°C - 2 MMH. 

IIoJiyqeHHbie cpparMeHThl aHaJIM3MpOBaJIM ITPM ITOMO­

ru;M 3JieKTpocpope3a B 2 % arapo3HOM reJie. 

,ll;JIH IIUP-aHaJIM3a ,IJ;HK Ha HaJIMqMe reHa Cherry 

MCITOJib30BaJIM ITpaMMepbI Ch-com-R: 5'-CAC-ATA­

GCG-T AA-AAG-GAG-CAA-C -3 ' ( ITpHMOM ) M 

Ch-D : 5'-ACC-CAG-GAC-TCC-TCC-CTG-CA -3 ' 

( o6pa THbIM)' IT03BOJIHIOI.IJ;Me CMHTe3MpOBa Tb cpparMeHT 

,ll;JIMHOM 5 5 9 rra p HYKJieOTM,ll;OB. IIoJIMMepa3HYIO u;eIT­

HyIO peaKLI;MIO ITpOBO,ll;MJIM B 32 LI;MKJia B CJie,z:i;yrom;Mx 

ycJIOBMHx: ,z:i;eHaTypau;MH 94°C - 1 MMH, oTmMr 64°C 

- 1 MMH, CMHTe3 72°C - 2 MMH. IIo.r1yqeHHbie cppar­

MeHThl aHaJIM3MpOBaJIM ITO 3JieKTpocpopeTMqecKOM 

ITO)J;BMmHOCTM B 2 % ara p03HOM reJie. 

PE3YJibTATbl M OECYJK,UEHME 

B 3KCITepMMeHTax in vivo Ha MO)J;eJIM KpMTMqecKO­

ro ,z:i;ecpeKTa ry6qa TOM KOC TM MbII.IJ;eJIKOB 6e,npa KpO­

JIJ/IKa 6bIJia M3yqeHa CITOC06HOCTb cp r ITepeHOCMTb B 

CBOeM COCTaBe B oqar KpMTMqecKoro KOCTHOrO ,z:i;ecpeK­

Ta KYJibTMBMpoBaHHbie ayTo-MMCK. Mx mM3HecITo­

co6HOCTb B cocTaBe TMK ITO,ll;TBepm,z:i;eHa ,z:i;aHHbIMM 

IIUP-aHaJIM3a , BbIHBMBlllero HaJIJ!IqMe MapKepHoro 

reHa B pereHepMpyIOI.IJ;MX TKaHHX B pa3JIMqHbie cpOKM 

ITOCJie MMITJiaHTaIJ;MM ( Ta6JI. 1 ). 

IIo ,z:i;aHHbIM ayTorrcMM M BM3yaJibHOM ou;eHKM He 

OTMeqeHO ITOJIHOLI;eHHOro BOCCTaHOBJieHMH KOCTM B ITO­

JIOCTJ/1 KpMTJ!IqecKoro ,z:i;ecpeKTa MbII.IJ;eJIKOB 6e,z:i;pa KpO­

JIMKa HM B o,z:i;HOM cJiyqae BBe,z:i;eHMH ayTo-MMCK B 

oqar KpMTMqecKoro KOCTHOro ,z:i;ecpeKTa, KOTOpbIM 3a­

Mem;aJICH TKaHbIO mMpOBOro KOCTHOro MO3ra He3aBJ!I­

CJ/IMO OT MH,z:i;yKLI;MM ayTo-MMCK K ocTeoreHHOM ,z:i;Mcp­

cpepeHu;MpOBKe (pMC. 1 ). Ha MMKpOCKOITMqeCKOM ypoB­

He OCTeoreHe3 He 6bIJI BbIHBJieH TaKme J;I B 06pa3u;ax, 

B KOTOpbIX orrpe,z:i;eJIHJIM HaJIMqMe reHeTMqecKOM MeT­

KM KYJibTMBMpoBaHHbIX ayTo-MMCK (cM. Ta6JI. 1 ). 

TaKMM o6pa30M, oTcyTcTBMe ocTeoKoH,z:i;yKTMBHoro 

KOMITOHeHTa B ITOJIOCTM KOCTHOrO ,z:i;ecpeKTa He ITO3BO­

JIMJIO ocyw;ecTBMTb BOCCTaHOBJieHMe KOCTHOM CTpyK­

TYPbI, ,z:i;ame ITPM HaJIMqMM ocTeOMHAYKTMBHbIX M oc­

TeoreHHbIX KOMITOHeHTOB. 

,IJ;o6aBJieHMe rpaHyJIHTa Kct>K B cocTaB TMK 

CITOC06CTBOBaJIO BOCCTaHOBJieHMIO KOCTHOM TKaHM B 

KpMTMqecKOM ,z:i;ecpeKTe ry6qaTOM KOC1:M (pMC. 2, 3). 

II pM MCITOJib30BaHMM reHeTMqecKoro Ma pKepa ITOKa-

3aHo, qTo ITOTOMKM MapKMpoBaHHbIX ayTo-MMCK 

BbIHBJIHJIMCb ITocpe,z:i;cTEOM IIUP B pereHepMpyrom;Mx 

TKaHHX ,z:i;a:me qepe3 12 Mee IT0CJie MMITJiaHTaLI;MM 

( CM. Ta6JI. 1 ). II pou;eccbr HeoocTeoreHe3a BHYTPM TMK 

ITpOMCXO,D;MJIM TOJibKO B CJiyqae ITPMCYTCTBMH B pe­

reHepMpyIOI.IJ;MX TKaHHX MeqeHHbIX ayTo-MMCK, He-
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Ta6n. 1. Hoaoo6 pa30B8Hl1e KOCTM l1 Bb/RBJ1BHl1B IBHB TWIBCKOM MBTKM B Tt1K Ha OCHOBe cp, npv1 opTOTOn w -1 eCKOM l1 3 KTOm11./BC -

KOM l1Mnf18HT8U, l1 l1 

HaJu1-.:.rMe MapKepa HoBoo6pa3oBaHMe 1-cocTM B cocTaBe TMK Hanw:rne Ma pKepa 
CpoK 

Ha6mo,n;e- <Pf-K<PK- <Pf- K<PK- <Pf- MMCK <Pf- K<PK- <Pf- K<PK- <Pf-MMCK 
HMR C2 GFP MMCK MMCKKOCT- I-COCTHblM MMCK MMCKKOCT- KOCTHbIM 

TIO,D;KOJKHO HbIM ,n;ecpeKT ,n;ecpeKT TIO,D;KOJKHO HbIM ,n;ecpeKT ,n;ecpeKT 

NA + osteo ++ NA GFP -/+ GFP+/ + NA 
2 He,n; 

NA 
GFP - /+ GFP+/-

NA + osteo + + + C2-/- C2 +/+ 

+ NA ++ NA C2 + / + C2 + / + NA 

+ + osteo ++ NA GFP + / + GFP - /- NA C2 + / - C2-/+ 

+ + osteo NA GFP -/- GFP - / - NA C2 + / - c2 -;-
6 He,n; 

+ ost eo NA + NA C2 + / + C2 + / - NA 

+ osteo + NA NA NA NA GFP-/-
C2 -/-

+ osteo + NA NA NA NA GFP+/+ 
C2 +/+ 

NA + NA GFP- GFP-/- NA 

+ + osteo ++ NA GFP - /- GFP -/- NA C2 - / - C2 - / -
+ osteo NA ++ NA C2 - / - C2 - /- NA 

3 Mee + osteo + NA NA NA NA GFP-/-
C2 - /+ 

+ osteo + NA NA NA NA GFP - / -
C2-/ + 

+ osteo + NA NA NA NA GFP +/+ 
C2 + /+ 

+ NA NA C2 - / - C2-/- NA 

+ osteo + ++ NA GFP + /- GFP +/+ NA 12 Mee C2 - /- C2-/-

+ osteo + + NA 
GFP-/- GFP+/-

NA C2 - /- C2 + / -

II p 1,1 Me q a H 1,1 e. osteo - HaJI1,1q1,1e MapKepa B MMCK, I1H,n;yu;1,1poBaHHbIX K oeTeoreHH OM ,n;1,1 cpcpepeHu;1,1poBKe; «++ » -

110.JIHOI..J;eHHOe BOCCTaHOBJieHI1e KOCTI1, orrpe,n;eJIHeMoe MaKpOCKOITW-IeCKJ,1 ; « + » - HOB006pa30BaHI1e KOCTJ,1 orrpe,n;eJIHeTeH rrp1,1 
fJ,1CTOJIOfJ,1qecKOM I1CCJie,n;oBaHI1J,1; « - » - HeT rrpI13HaKOB HOB006pa30BaHI15I KOCTJ,1 BHYTPI1 6I10MaTepI1aJia ; NA - ,n;aHHOe 
I1CCJie,n;oBaHI1e He rrpI1MeHHJIOCb; x / x - HaJI1,1q1,1 e MeTKJ,1 B O,ll;HOM J,1 3 o6pa3 I..J;OB Ha 0,ll;HOJ1 1,13 KOH eqHOCTel1 (B 3KC rrepI1MeHTe 
I1CI10Jib30BaJII1 o6e KOHeqHQCTJ,1 KpOJII1Ka ). 

3aBMCJ1MO OT J1H ,D;YKIJ;J1J1 MX K OCTeoreHHOM ,r:i;wpcp e ­

peHIJ;MpOB Ke ( CM. Ta6 JI. 1, pMC. 3). M apKMp OB a HHbie 

KJieTKJ1 B pereHepMp y IOI.IJ;MX TKaHRX H e BbIRBJIRJIJ1Cb 

B T p eTM CJiyqaeB, KOr ,r:i;a H e 6 bIJIO OTMe"Lie HO BOCCTa-

.,-- ... 'x ' ;• 

' $ •• 
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Puc. 1. IIorrepeqHbIJ1 epe3 qepe3 MbIIJJ;eJIKJ,1 6e,n;peHHOJ1 KOCTJ,1 KpOJII1Ka 
qepe3 12 He,n; rrocJie 3arroJIHeHI1H Kp1,1T1,1qecKoro KOCTHoro ,n;ecpeKTa TMK 
Ha ocHoBe <Pr 1,1 KYJibTI1BI1poBaHHhrx ayTo-MMCK. MaKporrperrapaT (a) 1,1 
fJ,1CTOJIOfJ,1qecKI1J1 rrperrapaT (6, OKpacKa reMaTOKC J,1JIJ,1HOM J,1 303I1HOM, x5 ). 
KocTHbIM ,n;ecpeKT 3aITOJIHeH CTy,n;eHMCTOM Maccoi1, rrp e,n;cTaBJieHHOM mMp OBOM 

TKaHblO. 
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HOBJieHMR K OCTHOM T K aHM B ,r:i;ecpe KTe. KaK 

M BO B cex Ba p MaHTax 6 e CKJie TO"LJHOfO KOH ­

TPOJIR , r paHyJibI K ct>K B cocTaBe 6MoMa­

Te p MaJia 6 bIJIJ1 OKpymeHbI cpM6p0 3 HOM 

TKaHbIO. Ilpo u;e ccbr ocTeor e H e3a orrpe,r:i;e ­

JIRJIMC b T OJibKO B M e cTe H e rrocpe ,r:i;CTBe H­

H Or o KOHTaKTa rpaHy JI K ct>K c o cTe HI<la­

M M KOCTHOro ,r:i; e cp e KTa. 

Ilpo u;e ccbr H eoocTe ore H e3a B TMK rrpo­

Mcxo,r:i;MJIM T OJibKO rrpM ee opTOTOITM"LJeCKOM 

J1MITJia HTaIJ;J1J1 B CB e m e ccpopMMpOBaHHbIM 

KOCTHbIM ,r:i; e cpe KT , Kor,r:i;a B 3 OHe ,r:i; e cp e KTa 

rrpMCY TC TBye T 60JiblllOe KOJIM"LJe CTBO o c­

T e J1H,D;Y KTJ1BHhlX cpaKTOpOB, rrpoBocrraJIJ;I­

TeJibHbIX IJ;J1TOKJ1HOB J1 cpaKTOpOB pocTa. 

IlpM KpMTJ1"9: e CKJ1X pa3 Mepax ,r:i; e cp e KT a 

co6CTBe HHbIX p e cypcoB ,ll;JIR BOCCTaHOBJie ­

HJ1R KOCTHOM TKaHM H e ,r:i;ocTaTO"LJHO, "LJ T O 
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P11c. 2. IIorrepet.-IHbIM cpe3 qepe3 Mb1w;eJIK:vr 6e,n;peHH011 K0CTM 11 r10,n;K0.tKH0 pacr10JiomeHHb111 TMK 

Ha ocHoBe Kct>K-ct>r 11 KYJibTI1B11poBaHHb1x ayTo-MMCK qepe3 6 He,n; rrocJie MMTIJiaHTau,1111 r10,n;­

K0.tKH0 (a) I1 B 30HY KpI1TI1t.-IeCK0ro K0CTH0ro ,n;ecpeKTa (6). 

1 - 30Ha paccBepJIMBaHvrn: , 3aKpbITaR KOpTI1KaJibHOJ1 rr.rraCTMHKOM; 2 - rpaHyJibI K<PK B KOCTHOM pere­
HepaTe. 

Orrpe.n;e.rrReTCR MHTerpau,MR TMK co cTeHKaMM KOCTHoro .n;ecpeKTa. 

P11c. 3. IIor1epet.-IHbIJ1 cpe3 q epe3 MbIID;eJIKl1 6e,n;peHHOJ1 K0CTI1 Kp0JIMKa qepe3 6 He,n; IT0CJie 3aTI0JIHe­

H vIH KpMTMt.-IecKoro K0CTHoro ,n;ecpeKTa TMK Ha ocHoBe Kct>K-ct>r M KYJibTI1B11poBaHHb1x ayTo­

M MCK. OKpacKa reMaT0KCMJIMH0M 11 303MH0M. xlO. 

H oBoo6pa30BaHMe KOCTM BHYTPM MaTep:vra.rra, Herrocpe,n;CTBeHHO Ha ITOBepXHOCTM KepaMM~ecKoro MaTe­
p :vra.rra. 

6bIJIO OT-Y:eT JIMBO BM,[J;HO B KOHTpOJibHbIX o6pa3u;ax. Mc­
IIOJib 30BaHMe TMK rrOBbilllaJio ocTeoreHHbIM rroTeH­

u;MaJI B 30He ,n;ecpeKTa. AyTO-MMCK B cocTaBe TMK, 

He3aBMCMMO OT rrpe,n;Ba pMTeJibHOM lilH,[J;YKIJ;lillil K OCTe ­

oreHHOM ,n;Mcpcpep eHu;MpOBKe' IIOJIHOIJ;eHHO y-Y:aCTBOBa­

JIJ;I B OCTeoreHe3e ( Ta6JI. 2 ). B rrpMCYTCTBlillil ayTo­

M MCK ocTeoreHe3 OTMeqaJIM He TOJibKO BHYTPM Koc­

THoro ,n;ecpeKTa, HOM B BM,n;e KOCTHO-XpHtu;eBoro pere­

HepaTa B MecTe pacCBepJIMBaHMH (ocTeorrepcpopau;MM) 

KopTMKaJibHOM rrJiaCTMHKM, qepe3 KoTopoe TMK BBO­

,n;MJIM B KOCTHbIM ,n;ecpeKT (plilC. 4). 
II pM 8KTOrrMqecKoi1 MMrrJiaHTau;MM MbI Ha6JIIo,n;aJIM 

rrpopacTaHMe TMK cpM6po3HOM TKaHbIO He3aBMCMMO 

OT HaJIJ!1qJ!1H ayTo-MMCK, rrpe,n;BapMTeJibHO MH,n;yu;M­

p o BaHHbIX K OCTeoreHHOM ,n;McpcpepeHu;MpOBKe 

( CM. Ta6JI. 1, 2, pMC. 5 ). 3TOT cpaKT lilCKJIIOqaeT HaJIM­

q J;Ie ocTeOJ,rn,n;yKTMBHbIX cpaKTopoB BHYTPM TMK, 

orrpoBepraH, TaKMM o6pa30M, HeKOTOpbie ,n;aHHbie JIJ;I ­

TepaTypbI (3, 17, 18]. 

KaK rroKa3aHo B Ta6JI. 1, ayTO- MMCK, MH,n;yu;Mpo­

BaHHbie K OCTeO,n;McpcpepeHu;MpOBKe (reHeTMqecKaH 

MeTKa C2), Ha6JIIO,n;aJIM Ha cpoKax He 6oJiee 6 He,n; 

IIOCJie orrepau;MM, He MH,n;yu;MpOBaHHbie K OCTeO,n;Mcp­

cpepeHu;MpOBKe KJieTKlil BbIHBJIHJIM B BapMaHTaX 8KTO­

IIJ!1qecKOJ1 li1 opTOTOIIJ!1qecKOJ1 MMIIJiaHTaIJ;MM qepe3 3 M 

12 Mee. OTCYTCTBlile MH,n;yu;MpOBaHHbIX K OCTeO,n;Mcp ­

cpepeHu;MpOBKe ayTO- MMCK Ha rro3,n;HMX cpoKax rroc­

Jie lilMIIJiaHTaIJ;lillil yKa3bIBaeT Ha TO, qTo rro,n;o6Hbie 

KJieTKM, B OTJIJ;IqMe OT 6oJiee paHHMX KJieTOK-rrpe,n; ­

llleCTBeHHlilKOB , M3 KOTOpbIX B OCHOBHOM COCTOlilT rro­

rry JIHIJ;MH MMCK, co BpeMeHeM McqeprrbrnaIOT CBOM 

pereHepa TMBHbIM IIOTeHu;MaJI li1 He yqacTBYIOT B rrpo­

u;eccax BOCCTaHOBJieHMH li1 peMo,n;eJIMpOBaHMH HOBO­

o6pa30BaHHOJ1 KOCTlil B ,n;ecpeKTe. 

Ta6n . 2 . Hoaoo6pa3oaaH111e KOCT/11 np111 111cnonb30BaH111111 pa3nfl1YHblX Mo,n,enef;f in vivo 

Bt10JIOfJ1I~ecKaR xa paKTept1CTt1Ka MO,n;eJIJ/I 

OCTeOJ/IH,ll;yKTOp~I HOBO-
Mo,n;eJib 

«OCTeoreHHbie » 
KOCTHOJ/1 TKaHJ/I + o6pa30Bam1e 

OCTeo- 3JieMeHTbl - TKaHeBO:iii 
co6cTBeHHbie 

K0H,ll;YKTOp - <Pf KOCTJ/I 
K0H,ll;YKTOP Ky JibTt1BMpOBaHHbie «0CTeoreHHbie » 

MMCK 
3JieMeHTbI 

Mb1ru;eJIKOBaH Mo,n;eJih: 
3aIIOJIHeHMe 
cpf-Kct>K-M M C K + + + + + 
sarroJIHeHMe cp r-K et> K + + + + 
sarroJIHeHMe cpf- MMCK + + + 
sarroJIHeHMe K et> K (T K ct> ) + + + 
6es sarroJIHeHMH + 

IIo,n;KomHaH J1MrrJiaHTau;m1 
+ + + cpf - Kct>K-MMCK 

57 



BeCTH//1K TpaBMaTOfl0,//1//1 //1 OpTone,D,//1//1 MM . H .H . np0opoaa . 2015, NP 4 

Puc. 4. KoeTHo-xpHw;eBoti: pereHepaT 
B 30He oeTeorrepcpopa1.J,J1J1 KOpTJ1KaJib­

HOJ1 TIJiaeTJ1HKJ1 Hapym.Horo MbII.IJ;eJIKa 
6e.n;peHHOI1 K0eTJ1 Kp0JIJ1Ka l.!epe3 2 He,n; 
rroeJie 3aTIOJIHe HJ1H KpHTMl.JeeKoro 

K0eTHoro .n;ecpeKTa TMK Ha oeHoBe 
K cp K - cp f M Ky JI b T J1 B J1 p OB a H H bl X 

ayTo-MMCK OKpaeKa reMaT0KeJ1JII1-
HOM J1 803I1HOM. X 5. 
1 - KOCTHO- xp.m.rJ;eBOM pereHepaT B 30He 

ocTeorrepcpopau,1111; 2 - Kpa11 Kopn1 -

KaJibHOM rrJiaCTMHKM B o6JiaCTli1 OCTeO ­

rrepcpopau,m1. 

Puc. 5. f11eTOJIOrMl.!eeK11e rrperrapaTbI TMK Ha oeHoBe K<PK-<Pr v1 KYJibTJ1B11poBaHHb1x ayTO-MMCK l.!epe3 2 He,n; (a) , 6 He,n; 
(6), 12 He,n; (8) I1 12 Mee (2) noeJie 8KT0TII1l.JeeK0J1 (no,n;KOJK.HOH) vIMTIJiaHTa1.J,I1J1. OKpaeKa r eMaT0KeI1JII1H0M I1 803I1H0M. x5. 

1 - ttepe3op6MpoBaHHbIM li1 He npopocwMM coe,n;MHMTeJibHOM TKaHbIO cpM6pMH (KoMrroHeHT TMK); 2 - rpaHyJibI K<1>K. 

Puc. 6. IIonepel.!HbIH epe3 l.!epe3 MbII.IJ;eJIKI1 6e.n;peHHOJ1 K0eTJ/1 Kp0JIMKa l.!epe3 12 Mee TI0CJie 3aTI0JIHeHJ1H KpI1TJ1l.JeeKoro 
K0eTHoro .n;ecpeKTa TMK Ha oeHoBe TK<P-cpf 11 KYJihTI1B11poBaHHbIX ayTo-MMCK MaKponpenapaT (a) 11 rneT0JI0rMl.!eeK11e 
npenapaTbI (6-2, 0KpacKa reMaT0KCI1JII1H0M I1 803I1H0M, 6 - x5 , 8, 2 - x20). 

a - HOB006pa30BaHli1e KOCTM Ha MecTe KpMTWi eCKOro KOCTHOro ,n;ecpeKTa , rpaHyJibI TKcp BM3yaJibHO rrpaKTWie CKM He o rrp e,n;eJI.HIOTCH. 

1 - ITOJIHOU,eHHOe BOCCTaHOBJieHMe KOCTHbIX 6aJioK; 2 - e,n;MHW-IHbie , ITOJIHOCTbIO H e p e3op6MpOBaHHbie rpaHyJibl TK<1> B )IrnpOBOM 

KOCTHOM M03re. 

AHaJIJ13 6v10Jiorv1qec1rnx xapaKTepv1cTJ1K TMK c 

BKJIIOqeHMeM K<PK rroKa3aJI , qTo HOBoo6pa30BaHv1e 

KOCTHbIX 6aJIOK rrpov1cxo~J1JIO Herrocpe,n;CTBeHHO Ha 

ITOBepXHOCTJ1 KepaMJ1qecKJ1X rpaHy JI TK<P B COCTaBe 

TMK, B 30He v1x KOHTaKTa co cTeHKaMv1 KOCTHoro ,n;e­

cpeKTa, a TaK:>Ke rrpv1 Herrocpe,n;CTBeHHOM 3aITOJIHeHJ1J1 

KOCTHoro ,n;ecpeKTa rpaHyJIHTOM K<PK. fpaHyJibI K<PK 
ITO~BepraJIJ1Cb rrpaKTJ1qecKJ1 ITOJIHOM pe3op6u;v1v1 qe­

pe3 12 Mee ITOCJie J1MITJiaHTaIJ;J1J1 (pv1c. 5, 6 ). 
3aKJIIOqeHMe. Pe3y JibTa Tb! J1CCJie,n;oBaHJ1H I103BO­

JIHIOT c,n;eJia Tb BbIBO,ZJ; 0 HeO,ZJ;H03Ha "9:HOM pOJIJ1 q) f B 

COCTaBe KOMI103J1IJ;J10HHOro KOCTe3aMe:w;a10:w;ero 6MO­

Ma TepMaJia. C o,n;HOM cTopoHhI, OH crroco6cTBYeT rre­

peHocy B cocTaBe TMK KYJibTMBMpoBaHHbIX ayTo­

MMCK B o-qar KOCTHoro ,n;ecpeKTa, coxpaHHH MX :>KI13-

Hecrroco6HocTb M pereHepaTMBHhlM ITOTeHu;MaJI. 

C ,n;pyroM CTOpOHbI, 6bICTpoe rrpopacTaHMe 6MoMa­

TepMaJia coe,n;MHMTeJibHOM TKaHblO rrpMBO,ZJ;MT K o6-

pa30BaHMIO Ha rroBepxHOCTM rpaHy JI K<P K cpI16po3-
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HOM Karrcy JibI, KOTOpa.H 3Ha qJ1TeJibHO CHM:>KaeT JII160 

ITOJIHOCTblO 6JIOKJ1pyeT ero OCTeOKOH,ZJ;YKTJ1BHbIM 
ITOTeHu;MaJI. 

O~H03HaqHo ITOKa3aHa Heo6xO~J1MOCTb rrpv1cyT­

CTBJ1H p esop6v1pyeMOM K<P K B cocTaBe KOCTesaMe­

ru;aIOru;ett TMK KpoMe Toro , ~JIH 06ecrreqeHJ1H Heooc­

TeoreHe3a B CBemeccpopMv1poBaHHOM ~ecpeKTe ry6qa­

TOM KOCTJ1 ,ZJ;OCTa TOqHo OCTe0KOH,ZJ;YKTJ1BHbIX CBOMQTB 

rpaHyJIHTa rropv1cTOM K<PK Ha ocHoBe TK<P. 

AyTo-MMCK, J1H,n;yu;v1poBaHHbre K ocTeo~v1cpcpe­

peHu;v1poBKe , B cocTaBe TMK rrpoHBJIHJIJ1 CBOM ocTeo­

reHHbIM ITOTeHu;MaJI Ha cpoKax ~o 12 He~. ,IJ:aJibHeM­

urne perra pa TJ1BHbie rrpou;eCCbI B KOC THOM ~ecpeKTe 

rrp0Mcxo,n;v1JIJ1 6es v1x yqacTMH. AyTo-MMCK B cocTa­

Be TMK rrpv1 8KTorrv1qecKoM J1MITJiaHTau;v1v1 He rrpoHB­

JIHIOT CB0J1 OCTeoreHHbie CBOMCTBa BHe 3aBMCJ1MOCTJ1 

OT J1H~YKIJ;J1J1 K OCTeO~ttcpcpepeHu;ttpOBKe. 
TaKMM o6pasoM, Heo6xo~J1MbIM ycJIOBMeM, 06ec­

rreqv1Ba10ru;v1M ocTeoreHes B J1MrrJiaHTv1poBaHHOM TMK, 
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HBJUie T CH O,ll;H OBpeMeHHOe rrp11cyTCTBJ1e OCTeOMHJJ;yK­

TJ1BHbIX J1 OCTeOKOHJJ;YKTJ1BHbIX cpaKTOpOB . B e3 co6JIIO­

,z:i;eHMH 8TJ1X YCJIOBJ1M HOB006pa30BaHJ1H KOCTJ1 KaK B 

Kpwrw ieCKOM KOCTHOM ,D;ecpeKTe, TaK J1 rrp11 8KTOITJ1-

qecKOM 11MrrJiaHTau;1111 He rrpo11cxo,z:i;11T. 
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