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exs. OuieHKa criocOGHOCTH ayTOMOrMYHBIX UMMOOMIM30BAHHBIX CTPOMAIBHBIX KJIETOK KOCTHOTO MO3Ta 00ecIieunTh
addek THBHYIO perapaliuio ¢ GopMUPOBAHMEM MOTHOLIEHHONO KOCTHOrO 010Ka B 30HE MEXTEI0BOro nedekTa qBUraTeb-
HOro CerMeHTa MO3BOHOYHMKA TTOCIIe TOTATbHOrO yIajJeH s MeXITO3BOHKOBOTO T1CKa.

Metonpl. M3yuenbl 3¢ddeKThl ayTOTpaHCIUTAHTAIIMN BbIIETEHHBIX U3 KOCTHOrO MO3ra pa3IMYHbIX KJIEeTOYHbIX (pak-
uuit (MOHOHYKJIEAPHBIX, CTPOMAJIBHBIX KJIETOK U CTPOMAJbHBIX CTBOJIOBBIX KJIETOK) Ha (hopMUpOBaHME MepeqHero KocT-
Horo 0J10Ka MpU MEXKTETOBOM CITOHIMJIONE3€ B OKCIIepUMeHTe Ha 24 6ecriopoqHbIX Pa3HOIMOAbIX cobakax (CpemHsisl Macca
Tema 18,3 KT, cpemHMI mUaMeTp Tel MOSICHUYHBIX ITO3BOHKOB IT0 JaHHBIM peHTreHorpadum 18,6 MM). BceM sKMBOTHBIM
BBITIOIHEHA MYHKIMsI I'peOHsI Kpblia MPaBoil MOAB3IOIIHON KOCTU ¢ acnuparueir 10 M KOCTHOrO Mo3ra, IpoBeaeHa
ToTabHasl AUCKaKTOMUs Ha ypoBHe Ten VII m VIII mosicHUYHBIX MO3BOHKOB C 3aMelleHNeM MeXTelI0oBoro nedekra
MOPUCTHIM METALTUYECKUM LWIMHIPOM M3 HUKETUAa TUTAHa COOTBETCTBYMOIIMX (bOpMbI U pa3Mepa. Bce SKMBOTHbBIE
CIydaifHbIM 00pa3oM ObLTM pasmeneHbl Ha YeTbipe TPYMIbl, 1Mo 6 B KaxKIoi. B mepBoil rpyrme MexXTenoBoil nedekT 3a-
MOJHSUTA TOABKO TMOPUCTBIM METAIMYECKUM IWJIMHIPOM, BO BTOPOii Tpyrie — dpakKiiieil MOHOHYKIeapHBIX KJIETOK
KOCTHOTrO MO3ra, B TpeTbeil — (dpakiueil cTpoMaIbHBIX KJIETOK, B UeTBEPTOMl — (pakiiveil BHIPAIIEHHBIX B KYIbType
CTPOMAJIbHBIX KJIETOK.

Pe3yabTaTbl. B mepBoit (KOHTPOIBHOI ) TPYTITIe BBISIBICHBI TPU3HAKK 3aMeIJIeHHOro (JopMUPOBAHUS TepeIHero KocT-
Horo 610Ka, obpazoBaHUE TUTIEPTPODUUECKOr0 MEKTENOBOro neeBnoaprposa. OTMedeHo dopMupoBaHue rpydoit dubpos-
HOI Karicy/bl B 30He KOHTaKTa «MMIUIAHTAT-KOCThY, M30BITOK XPSIIEBOIl TKaH!, MaJTOYMCIEHHOCTb M HU3Kasl TIporude-
paTUBHAsl aKTUBHOCTDH OCT€00JIACTOB, TUIIOILIA3KST COCYIOB.

Bo BTOpoit Tpymiie onpenensiics GopMUpYrOLINIicS apTUGUIINATIbHBIN KOCTHBIN OJIOK ¢ TTapaBepTeOpajbHBIM TUIIEPO-
CTO30M, PEHTI'€HOIOrNYeCKN — MUK POIKMCIOKAIMSI UMITIAHTATa C MIPOTPY3Kell B TEIO CMEKHOrO MO3BOHKA U YaCTHYHAsI
OCTEOMHTErpallisi ¢ TIOPUCTOM CTPYKTYpOii (hbMKcaTopa B 30He KOHTAKTa «MMIUIAHTAT-KOCThy. O6pa3oBaHMe KOCTHOI TKa-
HY TIPOUCXOIMIIO IO TUITYy BTOPMYHOIO OCTEOreHe3a ¢ M30bITKOM X PSIIIIEBOI TKAHU.

B Tpetbeii 1 yeTBEPTOIA TpyHITax OPMHUPOBAJICI MOTHOLEHHBIN apTUGUIIMATbHBIA KOCTHBIN 010K, TIPU3HAKOB K C-
JIOKAlMU MMIUTaHTaTa He orMeueHo. Ompenensiiach MOaHasi OCTEOMHTErpalsl ¢ MOPUCTOI CTPYKTYpoil dukcaTtopa B
30HEe KOHTAKTa «MMIIJIAaHTAT-KOCThy. HoBoOOpazoBaHHAsI KOCTHAsl TKaHb My(dpTo0o6pa3HO OKpyKaja UMIUIAHTAT U BpacTa-
Jla B €ro MOPUCTYIO CTPYKTYpYy, IpopacTaja B MepuoCTaIbHYIO 30Hy Tl CMEXKHBIX MO3BOHKOB, MIPOYHO CITAMBASICh C MX
TTOBEPXHOCTBIO.

BoiBon. IIpemioskeHHbBIN CTocod KOPPEKIIMU PacCTPOMCTB OCTeOpernapaiiu MOXKHO PacCMaTPUBATh B KaUeCTBe ajlb-
TePHATHUBbI KOCTHOIIACTUYECKMM OIepalldsIM C Mepecagkoil MAaCCUBHBIX KOCTHBIX TPAHCIIAHTATOB, @ TAKXKe B YCIIOBH-
SIX CUCTEMHBIX PACCTPONCTB OCTEOMO3TUYECKON (DYHKIIUU C KPUTHUYECKUM NebUIIMTOM HIONEHHBIX MPEIIIeCTBEeHHUKOB
KOCTHBIX KJIETOK.

KioueBblie ciioBa: CTpoMaibHbIe KJIETKH KOCTHONO MO3ra, perapaTUBHbBINA OCTEOreHes3, CIIOHAMIONE3.

AUTOTRANSPLANTATION OF IMMOBILIZED STROMAL BONE MARROW CELLS DURING LUMBAR
SPONDYLOSYNDESIS IN AN EXPERIMENT M. V. Kheifets. Scientific Research Institute of Clinical Immunology, Novosibirsk,
Russia, Scientific Research Institute of Traumatology and Orthopaedics, Novosibirsk, Russia, 354th District Military Clinical
Hospital, Russia. Aim. To assess the ability of immobilized autologous bone marrow stromal cells to provide an effective
repair with the formation of a robust bone block in the area of the interbody defect of the spinal motor segment after total
removal of the intervertebral disc. Methods. Studied were the effects of autotransplantation of different cell fractions
isolated from the bone marrow (mononuclear, stromal cells and stromal stem cells) on the formation of the anterior bone
block during interbody spondylosyndesis in an experiment on 24 mongrel dogs of different sexes (mean weight 18.3 kg, the
mean diameter of the lumbar vertebral bodies according to radiographic study 18.6 mm). All animals underwent the crest
puncture the right wing of the ilium, with aspiration of 10 ml of bone marrow, conducted was a total diskectomy at the level
of the bodies of the VII and VIII lumbar vertebras with replacement of the interbody defect with a porous metal cylinder
of the Nickel titanium of an appropriate shape and size. All animals were randomly divided into four groups, 6 in each. In
the first group the interbody defect was filled with a porous metal cylinder only, in the second group — with the fraction of
bone marrow mononuclear cells, in the third — with the fraction of stromal cells, in the fourth — with the fraction of culture-
grown stromal cells. Results. In the first (control) group established were the signs of delayed formation of the anterior
bone block, formation of the hypertrophic interbody pseudarthrosis. Noted was the formation of coarse fibrous capsule in
the zone of «implant-bone» contact, an excess of cartilage tissue, the small size and low proliferative activity of osteoblasts,
hypoplasia of the blood vessels. In the second group determined was the forming artificial bone block with paravertebral
hyperostosis, radiologically — microdislocation of the implant with protrusion into the body of the adjacent vertebra and
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partial osteointegration with the porous structure of the fixer in the contact «implant-bone» zone. Bone formation occurred
by the type of secondary osteogenesis with an excess of cartilage tissue. In the third and fourth groups formed was a robust
artificial bone block, no signs of implant dislocation were observed. Determined was the full osteointegration of the porous
structure of the fixer in the contact «<implant-bone» zone. The newly formed bone tissue surrounded the implant in a muft-
like fashion and grew into its porous structure, grew into the periosteal zone of adjacent vertebral bodies, well adhering with
their surface. Conclusion. The proposed method of correction of osteoreparation disorders can be considered as an alternative
to osteoplastic operations with the transplantation of massive bone grafts, as well as in conditions of systemic disorders of
the ostepoetic function with a critical shortage of endogenous progenitors of bone cells. Keywords: bone marrow stromal

cells, reparative osteogenesis, spondylosyndesis.

UcrounnkoMm o0pa3oBaHUsI KOCTHOW TKaHU
MpU perapaTUBHOM OCTEOreHe3e CIYXKaT CTBOJIOBbIE
Me3eHXMMaJlbHble KJIETKH, obiamaronire Ccriocob-
HOCTBIO K OCT€001aCTUIeCKON nuddepeHIINpoBKeE.

Mpbl paspaboranm COOCTBEHHBINI OpPUTHWHAIb-
HBI crmocod co3maHus JIOKAJIbHOW WMMOOMIN30-
BaHHOM TMOMYJISIIIUNA ayTOJTOTUUYHBIX CTPOMAJTbHBIX
KJIETOK B 30HE KOCTHOro medekTa Ha TBEpmodazo-
BOM TTOPHCTOM HOCHUTEE. DTOT cocod OCHOBaH Ha
MpsIMOii  Tiepecajike WIeHTU(MUIIMPOBAHHBIX COO-
CTBEHHBIX OCTEOTe€HHBIX KJIETOK-TIPEIIIeCTBEHHUIT
B BUAe (DMKCHUPOBAHHOM MOHOKYJIBTYPBI C II€JbIO
MOBBIIIEHWsI KayecTBa M YCKOPEHHUSI OcTeopera-
pauuru B HeOIArompuUsITHBIX YCIOBUSIX TKaHEBOI'O
nedekTa.

Llenpfo TPOBOOMMOrO WCCIEIOBaHUS CTaja
OIleHKa CITOCOOHOCTHM ayTOJOTMYHBIX WMMOOWIIH-
30BaHHBIX CTPOMAJbHBIX KJIETOK KOCTHOIO MO3ra
obecrieunBaTh 2D dPeKTUBHYIO perapaiuio ¢ Gpopmu-
pOBaHMEM TIOMHOIIEHHOrO KOCTHOrO 070Ka B 30HE
MeEXTenoBoro nedekra IBUTATEIBHOTO CerMeHTa
MMO3BOHOYHMKA TIOCTE TOTAJIBHOTO yIaJleHUST MeEX-
TTO3BOHKOBOTO TMCKA.

Mopeib 3KcnepuMenTa

B npoBenéHHOM MccnenoBaHUM ObUTU MCIIONb-
30BaHbI 24 B3pOCIBIX 0ECITOPOTHBIX Pa3HOIIOIBIX
cobaku. 2KuBoTHBIE ObLIU CcepTUMOULIMPOBAHBI U
aKKpeIUTOBaHbI YTpaBieHWEeM BeTepuHapuu I10
HoBocubupckoit obmactu PP ¢ mpoBemeHnemM Bcex
MpoLIeIyp B CTPOroM cooTBeTcTBUU ¢ «[IpaBunamu
MpOBeNEeHUsT pabOT C MCITONBb30BaHUEM K CITEPUM €H-
TaJIBHBIX XKMBOTHBIX». CpemHsIsl Macca Tena K UBOT-
HBIX cocTaBisiia 18,3 Kr, CpemHWII OHaMeTp Tell
MOSICHUYHBIX MMO3BOHKOB MO JaHHBIM PEHTIeHOor pa-
Guu B IBYX CTaHIAPTHBIX MPOEKIMAX — 18,6 MM.
BceM XMBOTHBIM B YCTIOBUSIX 9KCIEPUMEHTaTbHOM
ornepalMoHHOI ¢ coOMIoNeHeM CTaHIapTHBIX Tpe-
OOBaHUI1 acerTUKM UM aHTUCENTUKHU ObLIU BBITION-
HEHBI:

- MyHKIMS TpeOHsI Kpbla MpaBoii MOIB3IOLL-
HoIt KocTu ¢ acriupainueir 10 M KOCTHOrO MO3ra;

- TOTaJbHasl MUCKAKTOMUS Ha ypoBHe Ten VII
u VIII mosiCHUYHBIX TO3BOHKOB C 3aMelLleHUEM
MEXTeI0BOro nedekTa MopucThiM MeTaTUYeCKUM
LUWIMHAPOM M3 HUKEIWOa THUTaHa COOTBETCTBYIO-
wux $HopMbl U pazMepa.

B kauectBe 00e3001MBaHUS MPU BHIMOTHEHUU
onepanuii OblJ1a MCIOAb30BaHA MHOTIOKOMITOHEHT-
Hasl BHYTPUMBbILIEUHAs] aHEecTe3usl ¢ MpUMeHeHU-
eM B KauecTBe 0a3MCHOro mpernapara KeraMuHa B
TeparneBTUYECKON 103e U3 pacuéra Ha Maccy Tena
KUBOTHOro 0e3 MHTybOaluu Tpaxeu. Bce >KMBOT-
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Hble CIyJallHBIM o00pa3oM ObUTM pa3meleHbl Ha
YeThIpe TPYIIbl, 1o 6 B KaxXnoil. B mepBoit Tpym-
e MEXTE0BO NeeKT 3aIONMHSIIN TOMBKO ITOPH C-
TBIM METAJUIMYECKUM LUIUHIPOM K3 HUKEIUIa
TUTaHa COOTBETCTBYyMOLIEW (OpMBI W pas3Mepa, BO
BTOpOil Tpyrme — dpaKimeld MOHOHYKJIeapHBIX
KJIETOK KOCTHOTO MO3Ta, B TpeTheil — dpaKimeit
CTPOMAJIbHBIX KJIETOK, B UETBEPTOl — bpaKimeit
BBIPAIEHHBIX B KYJIBTYpe CTPOMAaJbHBIX KJIETOK.
YMepuiBieHre XUBOTHBIX [JIsI TIPOBENECHUST MOp-
donmornyeckoro McciaenoBaHusl TMPOBOTUIU IO
CTaHJapTHOW METONMKE C MPUMEHEHHNEM KeTaMWu-
HOBOI 9BTaHA3MU B YyCTAHOBJIEHHbBIE CPOKMU.

M3oasmust ¥ KyJIbTUBHPOBAHHE CTPOMAIbHBIX
CTBOJIOBBIX KJIETOK CO0aK

Kaxnplit acmupaT KOCTHOro Mo3ra cobupaiy B
CTeKJISIHHBIN (I1akoH, comepxaluit 1 M coneBoro
pactBopa rermapuna (1000 EII/mm). B mabGopatop-
HoM Onoke ¢akoH TMonaBeprajvu MHKyOAUUU Ipu
37 °C B teuenue 40 muH. [locie rpaBUTAIIMOHHO-
To paslelieHusl IeNTbHOr0 KOCTHOrO Mo3ra B OT-
NenbHBIN uiakoH cobupanyu BepxHIOW (dpakInio,
COCTOSIILLYIO M3 KJIETOK JIEKOB3BECHM B ayToIlIas-
me. Ilocme mentpudyrupoBanms (1500 o6/muH,
8 MHUH) HaImocaloK, colepXallWil ayTorasmy,
cobupain B OTHENbHbIN CTEPUIbHBI rakoH, a
0CcaloK KJIETOK JIEKOB3BECH DPECyCITeHIUpPOBaIu B
20 M docdaTt-3abydepeHHOoro M30TOHMIECKOro pac-
TBOpa HaTpus Xxjopuna, comepxkarero 10 EJI/mu
remaprHa. 3aTeM KJIETKU JIeKOB3BeCH Haciaupa-
JIM Ha pactBop dukomia-Beporpacdura (1,078 r/x)
n meHTpudyruposain B TedeHne 20 MUH TIpU
3000 o6/muH. CobpaHHBIe U3 WHTEePDA3bl KOCTHO-
MO3roBble MOHOHYKJIEApHbI€ KJIETKH TPOEKPATHO
OTMBIBAJIM U pecycrneHaupoBaiu B cpene DMEM
(«Sigma-Aldrich»). ITomydnB rOMOreHHYIO KJIETOY-
HYIO B3BECh, IOACUMTBHIBAIM OOIIee KOTUYECTBO
BbIIEIEHHBIX KJIETOK (B cpemHeMm 8,5x108/mi),
OLIEHMBAJIM UX YKM3HECIOCOOHOCTH IMOCe OKPaCKU
TPUTIAHOBBIM CUHUM.

IMonyyeHHyto ¢pakuuoo MOPUIMMAIKUX K
IJIACTUKY KOCTHOMO3TOBBIX KJIETOK MOMOJTHUTENb-
HO KyabTuBUpoBaau B cpene DMEM, nmomonHeH-
Hoil 10% 5MOpPUMOHANBHOI TeITYbeil CHIBOPOTKU,
50 MkM ackopbaTta-nudocara, 0,1 MKM nekca-
merasoHa, 0,3 mr/min L-rmyramuna, 5 MM HEPES-
oydepa, 100 mMkxr/mia redaramunuda npu 37 °C B
atmocdepe 5% CO,. B Takux ycaoBusAX KJIETKH
KYJIbTUBUAPOBAIMU B TeueHUe 21 CyT ¢ 3aMEHOM Kyilb-
TypaJibHOW cpelnbl uepe3 Kaxnable 5 cyr. Obuiee
KOJMMYECTBO KJIETOK K 3aBeplIEeHUI0 KYJIbTHBMPOBa-
HUS COCTaBUJIO B cpenHeM 1,2 x10°/mi1.
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IToaroToBKa NOPHCTOro METAIINYECKOTO HOCHTEJIS
U3 HUKEJIH/Ia THTaHa

3a CyTKM 1O MMMOOWIU3ALUU CTPOMAaJIbHBIX
CTBOJIOBBIX KJIETOK LMJIMHIPUYECKYIO 3arOTOBKY
COOTBETCTBYIOLLErO pa3mMepa 00e3XK 1 puBaIu, 1e3uH-
buIpoBaan, aBTOKJIAaBUPOBAIM, 3aTeM UHKYOMPO-
Banu 2 4 mpu 37 °C B pacTBope KojiareHa (2 Mr/mi)
¢ 0,1 M yKcycHOIl KHCIOTBI, 3aTeéM TPOEKpPaTHO
OTMBIBAJIM, BBICYLIMBAIM B YIbTpaduUoIeTOBOM
JJaMUHape ¢ BepTUKaJbHBIM TOKOM Bo3myxa. IToc-
Jie 9TOro 3aroTOBKY MOBTOPHO MHKYOMpoBanu 18 4
mpu 37 °C B cpene DMEM, comepxameii 0,4%
pacTBOp KEJTaTUHOMSI M OCTEOreHHBIM WHIYKTOP
B-rnuuepodocdaTt B KOHLEHTpauuu 3 Mr/MJ.

KierouHyio B3BeCh MEIIEHHO WHBEIUPOBAIU
B pa3HbIX TOYKaX IIOATOTOBJIEHHON KapKacCHOM
KOHCTPYKLIMM W3 HUKenuga TutaHa. dukcanuio
kierok nposoguiau npu 37 °C B CO uHKybaTOpe
B TedeHue 30 MuH. 3aTeM MMOMeIIaJu TOATOTOB-
JIGHHBI KJIETOUHBIA HOCUTENb € MMMOOUIN30-
BaHHBIMU CTPOMAJbHBIMU (Me3eHXUMaJIbHBIMU )
KJIETKAMHU B CTEepUJIbHBINA (IaKoH, comepsKalluit
cpeny DMEM c¢ 10% ayromiaa3mbl, YKyIOpUBalIu,
MapKUpPOBaJIW W TPAaHCIOPTHPOBAIH M3 1abopaTop-
HoOro 60Ka B OreparoHHYIO.

Pe3yabTaThl

OlLieHKa pe3yJbTaTOB MCCIeN0BaHUsI TIpOBeIeHa
C WCIMONBb30BAHUEM PEHTTeHOorpaduu B IBYX CTaH-
NapTHBIX TPOEKIMIX, BU3yaJlbHOW OLEHKM yna-
JIEHHBIX XMPYPrUUECKUM TyTEM IpernapaToB I103-
BOHOYHOrO CerMeHTa, a TaKKe TMCTOIOrMYecKoro
nccienoBaHus.

B meproit (KOHTPONBHOI) TPyIIe >KMBOTHBIX
BBISIBIEHbl OTYETIMBbIE MPU3HAKKU 3aMemlJIEHHOro
dopMupoBaHUS TepenHero KocTHOro 61oka, obpa-
30BaHUE THUIEPTPODUUECKOrO MEXKTETOBOrO ICEB-
noaprposa. ['Mcronornyeckoe MccienoBaHue moKa-
3aJ10 popMUpoBaHUE TPyOOil (rOPO3HON KaTCybl
B 30HE KOHTAaKTa «MMIUIAHTAT-KOCTb», M30BITOK
XpSILIEBOM TKaHU, MaJOYMCIEHHOCTb U HU3KYIO
nponudepaTuBHYIO aKTUBHOCTb OCTE€00I1aCTOB U I'U-
TOIJIa3UI0 COCYI0B.

Bo BTOpOI1 Ipyrine >KUBOTHBIX Ha MO3IHUX CPO-
Kax MccaenoBaHUs ompenensics (GopMupyrommii-
¢ apTuUIUaTbHBIA KOCTHBIN OJIOK C TapaBep-

TeOpaJbHBIM TUMEPOCTO30M. PeHTreHomornuyecku
BBISIBJIeHa MUKPOIUCIOKAIIMS MMILJIaHTaTa C ero
MIPOTpy3Mell B TEIO CMEXKHOIO MO3BOHKA M YaCTHUY-
Hasl OCTEOMHTEerpanus ¢ MOPUCTON CTPYKTYpon
¢duKcaTopa B 30HE KOHTAKTa «MMILJTAHTAT-KOCTbY.
Tucronornyecku obpa3oBaHME KOCTHONH TKaHU
LJTO 110 TUTTY BTOPUYHOrO ocTeoreHesa ¢ GopMupo-
BaHMEM M30bITKA XPSIIEBON TKAHU.

B Tperbeli 1 4eTBEPTOIL Ipynmax K 6-My MecsIy
uccaenoBaHusi (GopMuUpoBacs TMOTHOLEHHBIN ap-
TUULATBHBIN KOCTHBIN 010K. JIOCTOBepHBIX pas-
JIUYWI B CPOKaxX M MOPOITOrnUecKnX MmapamMeTrpax
GOpMUPOBaHUSI KOCTHOrO O0Ka MEXIy 3TUMU
IBYMSI TpyIIIaMy He BhIsIBIeHO. [Ipr3HaKkoB qucio-
Kallu¥ MMIUIaHTaTa He oTMedeHo. Onpenensiach
MOJTHAs OCTEOMHTETpallusl C TIOPUCTON CTPYKTYpOit
¢duKcaTopa B 30HE KOHTAKTa «MMILJTAHTAT-KOCTbY.
Tucronornyecku BbISIBIEHBI MPU3HAKU MEPBUYHO-
IO OCTEOreHe3a C MOJHOLEHHON ocTeopernapanmeii.
HoBoobpa3zoBaHHas1 KOCTHas TKaHb My(dTo0Opa3HO
OKpy:Kaja UMIIJIAHTAT W BpacTajia B ero MOpuCTYIO
CTPYKTYpY, IpopacTaja B IepuOCTATbHYIO 30HY Tel
CMEXHBIX TO3BOHKOB, ITPOYHO CIIAUBASICh C UX IO
BEPXHOCTBIO.
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