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KonnareH | Tvna Lvpoko npyMeHsieTcs B MeavUvHeE 1 6uoTex-
HOSIOMVIY B CBSI3VI C OTHOCUTESTIbHOVI MPOCTOTOM 0STyYEeHUs1 I CBOU-
My BUOSIOrM4eckyMY cBovicTBamu. Llernbio pa6oTtel cTano v3y4ve-
Hue nponvghepauynn (MHRekc nponvgepauynnl, pacrnnacTbiBaHUs
(aKTVIHOBBIVI UNTOCKEseT, NioLanb pacriacTbiBaHys] v oCTeoreH-
Hovi auchghepeHuypoBky (Hanu4ve BHYTPUKIIETOYHOV LLENI04YHON
ghocgpaTasbl) cTpomMaribHbIX KITeToK KocTHoro mo3sra (CKKM) kpbi-
Cbl Ha PasiviyHbIX MOSEKYIISPHBIX U (ONBPUITISIPHBIX KOJ1areHoBbIX
cy6cTparax Ha Mi0CKOCTY U fpy TPEXMEPHOM KYJlbTUBUPOBEHU
B resisix KosiiareHa.

lpenapatel KonnareHa nosiyyanv U3 LUKYpP OBLbI Uiy MOIOoAbIX
6bIKOB METOHAOM LLEI0YHO-COMEBON 3KCTpaKuyuv. KOHTPOsrbHbIG
KosiiareH 6bi1 Mosly4eH C MOMOLLbO KUCTIOTHOV 3KCTPakuymi 13
XBOCTOB KpbiC. Dubpuvibl KosnareHa Ha rs0CKOoCTY osy4anv
nyTemM TPexpa30BOro rocre[oBaTeslbHOr0 HaHECEHUST Ha MOASI0XK-
Ky crioeB MOJIeKyrnspHoro KosnareHa. Vlccneqosanv croco6HOCTb
K >kervpoBaHuio (06pa3oBaHuvio resis) rpenapaToB KosifiareHa B
HevTpanbHou cpege npy 37°C. CKKM 6ecriopofHbiX KpbIic nosy-
Yanu LeHTpugyrnpoBaHMeM Ha rpagvieHTe ricTornaka rioTHOCTY
1,077 r/mn v KynbTVYBYPOBANV B POCTOBOV cpepne. AKTVIHOBbLIV
UNTOCKENeT pacrniacTaHHbIX KITETOK OKpPaLLuvBany ¢ rnoMoLbio po-
n[amuH-ghannovavHa. Jlokanusayvo paHHero Mapkepa OCTeoreH-
Hovi augbghepeHpoBKy — LLerioHHov ¢hocghatasbl — BbISBIIANN -
CTOXVIMUYECKY C MOMOLLbIO OKPACKWY KIIETOK CMEChI0, COAEpPKaLLen
TEeTPas3osIMeBbLIVi CUHN.

B xope pabotbl 6bi710 yCTAHOBIIEHO, HYTO XKEIVPYET He TOJIbKO
KOHTPOJIbHbIVI KOJII18reH 13 XBOCTOB KPbICbl, HO VI OAWH 13 rpena-
paroB KoriiareHa v3 LUKYp oBel. B panbHeviem Mbl cpaBHviBanv
roOBEeAEHNE KITETOK Ha KEIPYIOLUMX Y HEXenvpyloLmX rnpenapa-
Tax KosnareHa. Hav6onbluvie nnolane pacriactbiBaHus, VHOEKC
nponvghepaun v BbipaboTka LernoYHovi hocghatassi 6l y CKKM
Ha XKenvpyLmx umbpunnapHeix KonnareHax. O6a kornnareHa [a-
Bas/ yCTOVHYBbLIE Fefiv, B KOTOPbIX KIIETKY COXPaHsivi CrioCOGHOCTb
K ocTeareHHovi avughghepeHumpoBke 4o AByX Heperb. [erneobpasyto-
Ly o6pasel KosiareHa | Tvna 3 LKyp 0BEeL MOXXHO PEeKOMEHOo-
BaTb /151 IPUMEHEHVS] B K&YeCTBE HOCUTEIS NP TPaHCriaHTauvm
CKKM.

KnioueBble cnoBa: cTpoMarbHbIe KIIETKM KOCTHOrMO MO3ra,
KonnareH | Tuna, pacnnacTbiBaHVe, LUMTOCKENET, nponvdepaums,
andhdepeHumpoBKa

e-mail: nani1948@yandex.ru

Type | collagen is widely used in medicine and biotechnology
owing to its ready availability and good biological properties. The
aim of this study was to investigate proliferation (proliferation
indexJ], spreading (actin cytoskeleton, spreading square) and
osteogenic differentiation of the rat bone marrow stromal cells
(BMSCs) on the different molecular and fibrillar collagen
substrates on the surface and during three-dimensional cultivation
in the collagen gels.

Collagen samples (1, 2, 3) were obtained from the skin of the
sheep and young bull by alkaline extraction. Control collagen (4)
was obtained by acid extraction from rat tail tendons. Fibrillar
collagen on the surface was prepared by subsequent threefold
application of the molecular collagen layers on the substrate. The
capacity to form gels of the collagen samples in neutral medium
at 377C was examined. BMSCs of the outbread rats were
obtained by centrifugation on the histopaque gradient with 1,077
g\ml density and were cultured in the growth medium. Actin
cytoskeleton of the spreaded cells was stained with rhodamine-
phalloidin. Distribution of the early osteogenic differentiation
marker — the alcaline phosphatase — was elicited histochemically
by staining of the cells with the standard solution containing
tetrazolium blue.

In the course of the study was determined that not only control
collagen obtained from rat tails (4], but one collagen sample
obtained from the sheep skin (1) has the capacity to form gel.
Hereafter we compared cell actions on the fibrillar (gel-forming)
(1 and 4) and molecular (not gel-forming] (2 and 3) collagen
samples. BMSCs had maximal spreading square, proliferation index
and alcaline phosphatase activity on the fibrillar collagens (1 and
4] . Both collagens formed stable gels in which cells kept osteogenic
differentiation capacity untill two weeks. Gel-forming sample of
the type | collagen obtained from the sheep skin can be
recommended as a scaffold for BMSCs transplantation.

Key words: bone marrow stromal cells, type | collagen,
spreading, cytoskeleton, proliferation, differentiation.
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KonnareH sBnsietTcs onbpunnsipHbiM 6e5KoM, OOHUM 13
KOMMOHEHTOB MEXXKMeTo4YHoro martpukca. B HacTosuiee
BPEMS M3BECTHO 27 PasfnyHbIX FEHETUYECKMX TUMOB KO-
nareHa, u3 Hux 4 mbpunnoo6pasyloLmx, Ha KOTopble Npu-
xoputcsa 95% o6Llero KonrvyecTsa KosniareHoB B OpraHn3me
[1]. Benkamw, o6ecrnevrBalLLMN MEXAaHNYECKYIO MpoY-
HOCTb BCEX TKaHE MIIEKOMUTaKLLMX, SBASKTCS uépu-
noo6pa3syowye konnareHdsl Tinos |, I, 1l u V, ns kotopbix
90% npuxoguTtcsa Ha KonnareH Tuna |. TpexcnuvpanbHbie
MOJSiekyrbl (pmbpunnoobpasyowyx KorulareHos, 6rarogaps
VX YHMKarbHOW NepBUYHON CTPYKTYPE, SBNATCS NpakTuyec-
KN XKECTKMMW 3nemMeHTamu in viva v in vitro. B dnsvono-
MMYECKMX YCMOBUAX OHW yKNagblBalTCHA naparnsenibHo co
coBurom Ha 1/4 gnuHbl, 06pa3ys Tak Ha3bIBAEMYH HaTUB-
Hy0 mbpunny, obHapy>K1BatoLLy0 NPy NCCHeQO0BaHNM Nnof,
31EKTPOHHBIM MMKPOCKOMNOM XapakTEPHYH MCYEePYEHHOCTb.
3a cYeT HebONbLINX HECNMparibHbIX Y4acTKOB MO Kpasm
TPOVHOW cnupanu, Tak Ha3biBaeMblX TEeronenTuhos, Mpo-
MNCXOOMT CLUMBKA W yNpoYHeHne dunbpunnst [2].

KonnareH | Tuna B 60nblWnX Konu4YecTBax nony4awT
rnaBHbIM 06pa3oM 13 KOXXW 1 CyXOXXWUITMIA KPYMHOro pora-
TOro ckoTa u apyrix mrexkonurawowmx [3]1. brnaropaps cBo-
eMy YHMKarbHOMY N 04YeHb KOHCEPBATMBHOMY aMWHOKMUC-
NOTHOMY COCTaBy, KoJfiflareH Maso UMMYHOreHEH 1 Mo3aToMy
npy BBEOEHMMN MO KOXY MPakTUYECKN HE BbI3blBAET VM-
MyHHOro oteeta [4]. Kpowme Toro, konmnareH aBnsieTcs
OTNU4YHbIM remocTtaTikom [5]. Bce aTto genaeT konnared
MaTepuranoMm, LPOoKO NpUMEHSeEMbIM B MeauunHe v 6mo-
TexHonorun. B vacTHocTW, Npenapatbl KonnareHa | Tuna,
a TakkKe pas3fiM4Hble ero KomMbuHauum ¢ OpyrvMini ocTeo-
TPOMNHbLIMY NMpenapaTamMu, B HACTOSILLIEE BPEMS aKTMBHO UC-
nosfb3yTCA NPV KOCTHOW MyacTuke B TpaBmMaTonornuv v
opToneaun, YesioCTHO-NMLEBON XMPYPruM U CTOMAaTosio-
rmn [6-9].

B nocrnepHvne pecsatunetus MHTEHCMBHO pa3BYBaeTCs
HOBOE HarnpaBneHve BUoTEeXHONOrMY — TKaHeBas MH>XEeHe-
pvs — co3aaHne N3 KIeToK 1 MaTpuykca KoMNo3nunii, npea-
Ha3Ha4eHHbIX OJ19 BOCCTaHOBEHNS TkaHel. Havyano atomy
nono>xunna pa6ota E. benna c cotpygHukamn no Bk4e-
HVIO B KOMJSIareHoBbI refnb gepmanbHbix uépo6nacTtos,
KOTOpbIE XXVBYT, Pa3MHOXXaKTCs 1 NepecTpanBalT CTPyK-
Typy rens [10]. B ganbHeniiemM Ha OCHOBE KOJ1/1areHoBoro
renst 6bIny NonyYeHbl 3KBYBaNeHTbl NPaKTUYECKN BCEX TKa-
Hen oprainama [11]. YHuKanbHOCTb KOSnareHoBoro ress
B Ka4ecTBe cybcTparta 3aKkii4aeTcsd B TOM, 4TO CTPyKTypa
Mosiekyrbl (hBpUNSpHOro KoslareHa HacTofibko Mpucho-
cobrneHa K ero ombpunioobpasyrowlen yHKLUMK, YTO pacTBop
KonnareHa gaeT HaTVBHYK (ubpunny CnoHTaHHO in vitro
npyi NPUBEAEHNN CUCTEMbI K (DN3MNOMNOMMHYECKVM YCIT0BUSIM.
O6pasylwpiics B aTUX YCIOBKSX KOJSIIIareHoBbIA reflb ecTb
COBOKYMHOCTbL (hmbpunsi, T. e. Ta caMas CTPyKTypa, KoTopas
cywlecTByeT BO Bcex TkaHax in vivo [12]. KonnareHw uc-
NoNb3ylOT TakXXe MNpu OBYXMEPHOM KyNbTUBUPOBaHUN
KIeTok B KayecTBe cybcTparta. B aTom criyyae BO3MOXXHO
1MCNofib30BaHVe Kak ubpunnigpHOro KonsfareHa, Tak u
MOJIeKyNspHOra konnareHa. [1py 3aToMm NoBeOeHME KITETOK
Ha 3TuX pPa3HOBMOHOCTHAX KOjfiareHoBoro cy6cTpaTa 3Ha-
YMTENbHO PasfnM4YaeTcs; B YaCTHOCTW, OT CTPYKTypbl Ha-
HECEHHOro Ha MOAMNOXXKY KomnfareHa 3aBucAT dopma un
opraHn3aums aKkTHOBOro UMTOCKESeTa y KynbTUBMPYEMBIX
tm6po6nactos [13, 14]. BnnaHne opraHnsaumm konna-
reHoOBOW MOASI0>XKKM Ha CTPOMaribHbIE KIEeTKM KOCTHOro MOo3ra
(CKKM) He wvccnepoBanochb.

Cnoco6HocTb KonnareHa K cuv6punnoobpa3oBaHnio 3a-
BUCUT OT crnocoba nosny4veHns konnareHa. CywecTByoT Tpu
OCHOBHbIX crnoco6a nonyyeHus konnareHa | Tmna: kMcnoT-
Hasi, (DepMeHTaTMBHas 1 LLIEeroYHo-coneBas akcTpakumn [3].

Bce oHu pgaloT HaTMBHYO, T. €. TPEXCNVPanbHyK MOMekyy
6enka. KucnoTHasa akcTpakuus BO3MOXKHa TOSbKO M3 TKa-
Her MonoapIX >XMBOTHbIX U A@eT C HeBOMNbLUMM BbIXOOOM
LEeNbHYD MOJSIEKYIY KOfflareHa C COXpaHeHHbIMY Terionen-
Tygamu, o6pasyioulyio npoynsie rerm [15]. MNpu hbepverTa-
TUBHOW 3KCTPaKuMn TeronenTabl 0TPE3akTcyd npoTeasamu,
1 OcTaeTcsd ofHa TporHas cnvparnb, o6pa3ylolias Henpod-
Hble e TofbKo NpyY 60MbLUMX KOHUEHTpaumsx 6ernka, T.K.
CLUVMBKM B HMX OTCyTCTBYHKT. LLlenoyHo-conesas akcTpak-
uMa gaeT KomnareH C XOpOoLWVIM BbIXOAOM W3 TKaHen >XXu-
BOTHbIX JIt060ro Bo3pacTa, HO B HEM Ipynmbl acnaparnHa u
rnyTamMmHa 4acTU4YHO WM MOSIHOCTbD Oe3aMuUavipoBaHbl,
BCNeACTBME Yero M3MEeHeH 3apsg MOMekyrbl 1 MoTepsHa
cnoco6HoCcTb K reneob6pa3oBaHvio. TenonenTuabl B Takom
KonnareHe NoBpeXXaalTcsd B 3aBUCUMOCTU OT MHTEHCWBHO-
cTn wenoyHon obpa6oTtkm [3]. Ham ymanock nopmob6patb
YCMNOBUS, MO3BOMMBLUME MOSTYYUTb >KENVPYHOLLYHK Moandu-
KaKLUMI0 Lerio4Ho-conesoro kornareHa | Tvna.

B paHHon pa6oTe 6bia nocTaBrneHa 3ajada CpaBHUTb
NoBEAEHME CTPOMaIbHbIX KIETOK KOCTHOrO MO3ra KpbIiCbl —
pacnnacTbiBaH/E 1 OpraH13aumio LUMTocKkeneTa, nponudepa-
LUMI0 N OCTEOreHHyo AMEPEHLUMPOBKY — Ha PasrimyHbIX
hrBpUNNSApHbIX KOSareHoBbIX cy6eTpaTax, a ans XXenupyo-
Wwmx cybCcTpaTtoB M MpyY TPEXMEPHOM KySbTVBMPOBaHUN
B rensx.

Marepuan n merogbi
Bbigenerve v kynbtusmupoBaHue CKKM kpbicel

B pa6oTe ncnonb3oBaHbl 6ecnopoiHbIe KpbICbl OBYXMe-
csiiHoro Bo3pacta. CornacHo npaswunam patoTbl C MENKMN
nabopaTopHbIMU XXMBOTHbLIMMW KPbIC YCbINASAN C NOMOLLbIO
adumpa, ctepunusosanu B 30% cnupte B TedeHue 10—
15 MUH. V KpbIC 0TCEKan HMKHE KOHEYHOCTW, CHMMAanmu c
HUX KOXY W OTOENANM MbillUbl B CTEPUNbHOM Yaluke NeTpu.
[ns BblOENeHns KOCTHOro mMo3ra 6panu 6eapeHHble Koc-
Tn. VIX npowvbiBann B docdaTHoM 6ydepe 6e3 Ca2* u
Mg2+ — PBS- ¢ po6aeneHnem reHtamuvumHa (Invitrogen,
Benuko6puTtaHns) B KoHueHTpauun 50 MKr/mn, oTcekanum
3NNn3bl, OCTOPOXXKHO BbIMbIBANM KOCTHbIA MO3r Mpy Mno-
MOLLM LWnpuua. Aapocogepykallume KNeTku KOCTHOro Mo3ra
BbIOENSAMAN cornacHo mMogudmumpoBaHHoMy metony [16].
[Ins aToro KocTHbIN MO3r cycneHavpoBanu B 2 mn PBS-,
CYCMNEeH3MID HacnamBanu Ha 3 MJ pacTBopa rucronaka
(Sigma, CLLA) nnoTtHoctn 1,077 r/mn 1 ueHTpudyrmpoBa-
nn 20 muH npu 800g npy komHaTHOW TemnepaTtype. Knet-
KW, Haxopswmecs B UHTepda3HoM croe rmctonaka (B oc-
HOBHOM, siipocodep kalune KneTkn), NepeHocunn B Apyryto
NpPo6UPKY 1 LEHTPUYrMpoBan B AeCAT 06bemMax pacTeopa
PBS- npn 600g B TeveHne 15 MUH Npy KOMHaTHOW TemMme-
paType Anst 04MCTKMU OT riuctonaka. MNpombITbie KNETKU cyc-
neHOMpoBanu B KyfbTyparbHOM Cpene, COCTOAWEN U3
oaMEM (Sigma, CLUA) ¢ pno6asneHnem 10% cbiBOpOTKHY
ambproHoB kopoe (C3K, HyClone, CLUA) n cmecu neHn-
UUNIMHa 1 CTPENTOMULMHE B CTaHOAPTHOW KOHLEHTPaumm
(Invitrogen, Benvko6putaHua). MNMogcyeT KNeTok npoBoau-
N NoJ HBEPTUPOBAHHLIM MWUKPOCKOMNOM, UCMOSb3ys CYEeT-
YK (DOPMEHHbIX 3NeMeHToB KpoBuW. KrneTku BbiceBanu
B nnactukoBble Yawkn Metpyu (Nunc, OaHusa) onamveTtpom
50 mm n3 pacyeta 0,5—1x108 knetok/cm?. KynbTuBmpo-
BaHMe nposBoaunu npu Temnepatype 37°C B mHky6aTope
¢ koHueHTpaunen CO, — 5%. Knetku naccuposanu ¢ no-
Moo cvecn 0,25% pacteopa TpuncuHa n 0,02% pa-
cteBopa 3ATA B chuamnonorndeckom 6ycepe (Invitrogen,
Benuko6putaHus).

B akcnepumeHTax vcnonb3oBanu KreTky BTOpPOro nac-
caxa.
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MeTtoak! BblaeneHusi n ocobeHHoCT ripernaparos
KonnareHa | Tuna

MpenapaTtbl konnareHa | Tuna N2 1 n N2 2 6binn nony-
YeHbl M3 LWKYPbl OBUbl METOAOM LLENOYHO-COSIEBOM 3KCT-
pakuvn [3]. MpenapaT N2 3 nosyyYeH n3 LWKypbl MOSIOO0MO
Bbblka METOAOM TakoWl >Ke LLero4YHO-COSIeBOV 3KCTpaKumm
[3]. MNpenapat N2 4 aensieTcs cTaHOapTHbLIM KOSareHoMm,
MoslyYeHHbIM C NMOMOLLBI KUCIOTHOW 3KCTPaKUMmM 13 XBOC-
ToB KpbICc [15].

PacnnacteiBaHne CKKM Ha b punnspHom
konnareHe | Tuna

na nonyyeHnsa omnbpunnapHon hopMbl KorareHa mc-
nonb3osanu metoq HO.A. Leen v J1.B Kyxapeson [17].
Viccnepyemble 06pa3ubl pa3soansiv Ao KoHueHTpaumm 100
MKI/Mn B crnabokucrioll BoAe, COAep Kaller NeasiHyio yK-
cycHyto kuenoty (JTYK) (JTYK:H20 — 1:1000). Ha ueHTtp
rmopoo6HOro cTeksla, NoABEpPrHyTOro CUNTMKOHU3auumn
c nomoLlublo pacteBopa Repel-Silane ES (Sigma, CLUA), Ha-
Hocunn 100 mkn pacTBopa KonjareHa u MHKy61poBanm
30 MuH npu KoMHaTHo Temnepatype. Yepes 30 MUH He-
nprKpenueLIMAcs 6enok yeupani nyTem TPEXKPaTHOro npo-
MbiBaHus 100 mkn pactBopom PBS v HaHocunn crnepyiolyto
nopumto 6enka. Bcero npoBognnv Tpy HaHeECEHWS pacTBopa
konnareHa. TakiMv 06pa3om noslyydanu Tpu crios Konnare-
Ha Ha rMapodo6bHO NoBEPXHOCTM cTekna. MNMocnegHun cnon
6enka Tpv>kabl NnpomMbliBany pactsopom PBS no 100 mkn,
HaHocunm 100 mkn 0,2% pactBopa BSA (Sigma, CLLA)
Ha PBS n nHkybuposanu npyn 37°C B TeveHne 1 4. NMony-
YeHHbIN cyb6cTpaT TpUKAbl NpoMbiBanun pactesopom PBS
1 HAHOCWNX Ha MOoBEpPXHOCTb cTekna 1—2x10% kneTok B
100 mkn 6eccbiBopoToYHOM cpedbl ooMEM. KneTtku Ha
cy6cTpaTe nHky6rposanv B CO, — nHky6aTope B TeveHune
1 u.

AHanna opranvsaumm yutockeneta CKKM,
pacrnactaHHbIX Ha KornnareHe | Tuna

KneTkn, HaHeCeHHble Ha UMMOGUIN30BaHHbIN 6enoK
dmkcmposanm B 50 mkn 4% pacTBopa HelTpanbHoro dop-
manuHa B TederHne 10—20 MyH nNpy KOMHATHOM TemMnepary-
pe. lNpenapaT TpwKabl OTMbIBaN OT rKcaTopa pacTBOPOM
PBS, nocrne 4yero npoBoauny nepmeaGunnsaumio KIeTokK
c novouwbtio 0,1% pactBopa TpuTtoHa X-100 B Te4eHue
5 MuH. lNpenapaT MHOrokpaTHO NpoMbIBanv pactesopom PBS
00 MCYe3HOBEHMS crneaoB AeTepreHta. PacTBop popamuH-
thannovgmnHa (Invitrogen, CLLUA) B passegeHun 1:20 Ha
PBS HaHocunu Ha npenapaT 1 MHKY6MpoBanu B TeYeHue
5—12 muH npu 37°C [18]. MNpenapaT npombIiBany Tpy pasa
pactBopom PBS u 3aknwvanu B 6anb3am (Molecular
Probes, CLLA).

NayueHne umtockeneta CKKM npoBogmny ¢ nomMoLLbio
MIOMWHECLIEHTHOW MUKPOCKOMUA Ha KOH(OKanbHOM MUK-
pockone Leica TCS SL (MDPI). Ona Bo36yxaeHus dryo-
pecueHunn mncnonb3osanu HeNe-nasep ¢ OnuHon BOSHbI
543 Hm Oonsg pogamMuHa.

Viameperws nnoLyagv v nepymMeTpa
pacnnacTaHHbIX KIIETOK

MamepeHus pacnnacTaHHbIX M OKpalleHHbIX poaaMuH-
hannonamHom KIieTok NpoBoaAniv Ha Mvikpockone «Axiophot»
npu yBenuyeHnn obwekTBa <10 npy nomMoLum nporpaMmmel
«BupeoTecT-Paamep 5.0». WccnepoBanu 50 kneTtok Ha
Kakgom o6pasue konnareHa B 10 npov3BOnbHO BbiGpaH-
HbIX Nonsx npenapaTa. Pe3ynbTat nonyyanv B MUKPOHax n
BbIYNCIIANM CpeAHee 3HadeHMe C y4eTOM CTaHOapTHOM
owmbKy cpegHero apndMeTnHecKoro.

CratvcTuyeckast o6paboTka pe3ynbTaToB

CTtaHOapTHyH OWMGKY cpedHero apnugmMeTnyeckoro npo-
BEOEHHbIX N3MEPEHUI paccHUTbIBaniy C NOMOLLBI0 Nporpam-
mbl Microsoft Excell no dopmyne:

m(X_ )==+8/n"2,

roe X,, — cpegHee aputMeTHeckoe BblGopKY;

m — cTaHOapTHas olWKnbKa CpPedHero apugMeTUYeckoro;
8 — cTaHaapTHoe(cpeaHekBagpaTU4eckoe) OTKIIOHEHVE;
N — KOfMYEecTBO 3JIEMEHTOB BbIGOPKU.

KoHTtponb nponugpepavimm CKKM, kynbTnsupyemMbIx

Ha npernapaTax KonnareHa | Tina

Onpepenanu nHpexkc nponudepaun CKKM (oTHolweHmne
KONMM4YecTBa KNETOK Ha Yallke B (da3e Cy6GKOHMIHOSHTHOro
MOHOCIOS K KONMUYECTBY MOCESHHbIX KIeTok). KneTkn Bbl-
ceanu B 4awku Metpn (40 mwm) (Mepgnonumep, CaHkT-
MeTep6ypr) ¢ rmopodo6HON NMOBEPXHOCTLIO, Ha KOTOpbIE
NpeaBapuTeNibHO TPeXKPaTHO HaHOCUNW UCccredyeMble npe-
napaTtbl KonnareHa | Tvna nNo onMcaHHoW Bblle MeToauKe.
KneTtkn BbiceBanu n3 pacdeta 1,25x10% knetok/4aliky
B 6eccbiBOpoTo4HOM cpede v ocTasnanun Ha 1 4 B CO,-
NHKY6aToOpe, KOHTPONMMPYS pacnnacTbiBaHWE KIEeTOK MNof
WHBEPTMPOBAHHLIM MuKpockonom. lMocne aToro cMmeHanu
6eccbIiBOPOTO4HY0 cpedy Ha pocTtoByio cpeagy oMEM, co-
nepxauuyto 10% C3K v aHTr6uoTukn (cMecb NeHuUMnmv-
Ha ”n cTpenTomuumHa)l. IamepeHve nHpekca nponvdepa-
U1 NPOBOAUN Ha norapudMmMYeckon d)ase pocTa KIeTok
yepe3d 4 cyT. KynbTuBMpoBaHusa. Knetkn cHumanu ctaH-
OapTHbIM crnoco60oM 1 NOACHUTbLIBaNM UX KONUYECTBO B re-
MouuToMeTpe. 3aTeM onpeaensany MHOeKc nponmdepaumm
KaK OTHOLUEHME KOSMYEecTBa BbIPOCLUMX KIETOK K Konun4ye-
CTBY MOCESAHHbIX KIETOK.

KynbtBrposaHvne CKKM B rene konnareHa | Tvna

KonnareHoBsbi renb (2,5 mr/mn) rotoBunm Ha nbay v3
KOHUeHTpupoBaHHoro (3,5—9,0 mr/mn) pactBopa Konna-
reHa 1 Tuna B pas6aBfieHHOW YKCYCHOW KUCIOTE MNyTEM
pa3BefeHNs MCXOOHOro pacTBOpa KomsareHa [0 Hy>KHOoM
KoHueHTpauun 10-kpaTHon cpenonn 199 c nooBedeHVeEM
pH ¢ nomoubio weno4yn. KnetouHyto B3Beck (3x10° kne-
Tok B 1 mMn rens) BBOOWMAW B pacTBOpP KorrareHa Ha fbay
C MOMOLLb MMKpOOo3aTopa, 3aTeEM MoMellany KneTku
B 24-nyHO4YHYKO nnaTy U UHKy6upoBanu B TedeHne 15 MuH
npn 37°C B CO,-mHky6aTope. B Te4yeHve aToro BpemeHu
npovcxoamno )opM1poBaHVIE KOSriareHoBOoro resis ¢ KreTka-
MK, 3aTem nosepx rens go6aensnv 1 Mn pocToBov cpefbl
oaMEM, copepxawern 10% C3K 1 aHTUBNOTUKN.

OcreoreHHas aughehepeHumposka CKKM,

KynbTUBMPYEMbIX Ha rpenaparax KosnnareHa | Tvna

1 B KO/IIIareHoBOM resne

Ona vHoykumm octeoreHHor auddepeHLPOBKA KIeT-
K1 B KOHLUEHTpauum 2104 kn/cm? BbiceBanu B yatuku [eT-
pv, NOKPbITbIE (PUBPUNIIIPHBIM KOJ1areHoM Mo OnCaHHO
BbllLe MeToavike. Hepes cyTk/ pOCTOBYH Cpedy MEeHsnM Ha
anddepeHUMpoBOYHY0 cpedy crenytowero coctasa: 90%
oaMEM, 10% C3K, 10 mM B-rnuuepodocdata HaTpus
(Sigma, CLUA), 10—8 M pekcameTta3oHa (Sigma, CLLA),
50 wkr/vmn ackop6ata HaTtpusa (ICN, CLLIA). O6pa6oTtky kne-
TOK Takow cpenov ocywectenanu B TedeHve 10 cyt. Cveny
cpedbl npoBognnn Yepe3 3—4 cyT. KynbTUBMPOBaHWS.

B kadecTtBe mapkepa 0CTeOreHHou auddepeHUpoBKA
Bbl6panu LWeno4Hyo ¢ocdartasdy, nokannlaumio KOTopon
BbISBIANN rMCTOXMMYeckr ¢ nomoilpto cmecu BCIP/NBT
(Sigma, CLUA). NIHTEHCMBHOCTb OKPAaCcKW OLEHWBanu BU3Y-
arnbHo.
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XapaKkTepucTvika nony4eHHbIX 06pa3uyos KosnareHa | Tvna

PaHee 6b1r10 noka3aHo, Y4TO KOHTPOSbHbIA KOnnareH
| Tina npenapata N2 4, BbigeneHHbIA ¢ NOMOLLbI0 KMCIOT-
HOW 3KCTPaKUMM N3 XBOCTOB KPbIC, COOEPXXUT HEMOBPEX-
[OEHHbIE TeNnonenTuabl 1 cnoco6eH K >envpoBaHuio (B KOH-
ueHTpaumm Bbiwe 0,2 mr/vmn B HerTpanbHou cpege npu 37°C
o6pasyet renb) [12]. Viccnegyembie 06pasubl KomnareHa
(N2 1, 2 n 3), nony4yeHHble C NOMOLLIbIO LLIENIOYHO-COMEBON
3KCTPaKuMn 13 LUKYp OBLUbl 1 MONogoro Gbika, copepykar
OCTaTK/ acnaparvHa v rnytamMmHa B 4acTUHYHO Ae3amMugmpo-
BaHHOM ¥ MOBPEXAEHHOM BUAE, HO COMMacHo fMTepaTypHbIM
daHHbIM coxpaHstoT Tenonentugsl [3]. Hac nHTepecosarno
BNusaHWe cubpunnapHoro (renb) unu MonekynspHoro xa-
pakTepa KonmareHoBoro cybcTparta, a TakXXe MCTOYHMKa
nony4veHns konnareHa (6blk 1Ny oBLA) Ha NponVdepaunto
1 onddepeHUMpPOBKY CTPOMAarbHbIX KIETOK KOCTHOMO MO3-
ra KpbICbl Ha HEM.

VcTaHoBMEHO, YTO >KENVPYET HE TONbKO KOmnareH npena-
pata N2 4, Ho n konnareH N2 1. B panbHenwem Mbl CpaBHU-
BaeM NnoBefeHne KneTok Ha >kenvpyrowmx (06pasusl 1 n 4) n
Hexxenvpyowmx (06pa3ubl 2 v 3) npenapaTtax KonsareHa.

PacnnacteiBaHne CKKM Ha npenapatax

punbpunnsapHoro konnareHa | Tvna.

OcobeHHocTy thopMmpoBaHsi UMTOCKENEeTa KIeToK

Apfresuns cTpomarbHbIX KIETOK KOCTHOro mMo3ra kK ¢unb-
pUNASPHOMY KOSflareHy Mpoxoaurna CTaguu, XapakTepHble
019 MHOMMX TUMNOB KIETOK: MPUKPEnsieHne K cybeTpaTty v
nocrnepgylollee pacrniacTbiBaHUE, B X0OE KOTOPOro KieTku
npuo6peTalnT cneunduyeckyd OpMy 1 OpraHu3auunto

umTockeneTa. Hepes ‘1 4 nocrie HaHeceHWs Ha cy6eTpaT 6orb-
Las 4acTb KINETOK pacnacTbiBanacb Ha KorrareHe v Havun-
Hana MUrpMpoBaTb W B3aUMOLENCTBOBAaTb APYr C APYIroM.

CKKM, pacnnactaHHble Ha konnareHe 1 Tvna (npenapa-
Tbl N2 1-4), nmenn B OCHOBHOM HEOMNPEOeneHHy dopMy.
Krnetkn vmenu 605bLUOE YMCIO OTAESbHbIX NaMenionoani
vnn cpunnonoomin (puc.1A, B). AKTUH 6bin cocpenoToYeH
rnaBHbIM 06pa3oM Mof nyasmaTu4yeckorn mMembpaHom u
B BbIpOCTax B BMUAE My4KOB UIAMEHTOB HEOMNPEOEesrIeHHOMN
opMbl. B LeHTpanbHom YacTu uMTonnasMbl OpraHM30BaH-
HbIX aKTWHOBbIX CTPYKTYP He Habnwpanocb. B ocHoBHOM
aKTWH 6blN NPeAcTaBsieH MHOMOYUCIEHHLIMW arperaTamu,
B3aMOAENCTBYHOLLMMN MeXXay co60i 1 06pas3yioLmMn He-
KOTopoe nogobue pbixyion cety. OdpyriiM spKo BblpakXeHHbIM
TUMNOM KIETOK GbISIN XOPOLLUO pacnfacTaHHbIe Monspu3oBaH-
Hble KMNETKN C TOHKMMMW TSXXKaMU akTUHOBbIX (hunamMeHToB
no nepudeprn 1 YeTKO OPraHN30BaHHOM aKTVHOBOW CETbHO
B LieHTpanbHom 4acTtu knetkn (puc. 1B). B npenapartax
BCTpeYanucb He6onblUMe No pa3mepy KNeTkn ¢ 605blnm
yucnom ncesgonoauii Ha seteBawem Kpae (puc. 10). He-
pacnnacTaHHble KNeTKM Bbinv eauHUYHBIMA U BbIMMSOenm
Kak ManeHbKkne oKpyrnble wapbl. HekoTopoe konun4ecTBo
KPYMHbIX KIETOK MMENW OKpyriyw dgopmy. B HMx akTuH
pacnonarancs no nepugepun. 3T KNETKN OTHOCUNN K pas-
psidy NoXo pacniacTaHHbIX KIeTok.

Mpn cpaBHEHMM pacnnacTbiBaHWS KIETOK Ha 06pa3uax
reneo6pasyowmx komnareHoB N2 1 v N2 4 6bino o6Hapy-
>KEHO, YTO CTEeMneHb BETBUCTOCTU KNeTo4yHoro kpas CKKM
6blnla Heckornbko HKe Ha konnareHe N2 1, ogHako B don6-
po6nacTonofobHbIX KneTkax 6os5iee YeTKO NpocrexmBasnach
CeTb aKTUHOBbIX (OMNAaMEHTOB CO CTpPecc-ubpunnamMmu.

Puc. 1.

CKKM kpebicbl, pacrnactaHHbIe

B Te4eHne 14 Ha gmbpunnapHoM
KonnareHe | Tuna (KOHTPObHbIA
npenapat Ne 4].

Tunbl UNTOCKENEeTa KIeTok:

A — KNeTKu ¢ BETBUCTbIMY KPAsMU
6e3 cTpecc—gpubpunin;

b5 — KneTku ¢ ArvHHBIMY OTPOCTKaMM
Ha nepuvighepuv;

B —«kneTku co ctpecc—ghmbpunnamu;
" — KneTku ¢ n3pesaHHbIM KPaem.
Yeenn4enne x100




Ha pucyHkax 2A n 2 npencTtaBneHbl arperatbl B3aMMo-
OENCTBYKOLNX MeXOy coB60l KIeToK pa3Hon (opMbl U C
pasHbIM LIMTOCKENETOM.

Mopdonorus CKKM Ha Hereneo6pa3syolmx Konnare-
Hax N2 2 n N2 3 (puc. 2b, B) otnnyanacb oT Mmopdonorimin

Paamepbi CKKM, pacrinactaHHbIx Ha ripernaparax

pmnbpunnsapHoro KonnareHa | Tyna

Pe3ynbTaTbl n3MepeHus nnowagn 1 nepumMeTpa pac-
nnacTaHHbIX KNETOK nokasanu, YTo HanbornbLUen nioLlanbio
1 nepMmMeTpoM o6nafatT KneTkn Ha obpa3ue KonnareHa
N2 1 n N2 4 (tabn. 1). OgHako pasHuua MeXay HAMW
HaxoguTcs B npegenax crtatucTuyeckon owmnbku. O6pa-
3ey N2 4 aBnaeTcs, Kak y>xe 6bl51I0 cka3aHo paHee, KOHT-
poSibHBbIM KosnnareHom | Tuna, nvewwmm TenonenTuabl U

KneTok Ha obpasuax konnareHa N2 1 n N2 4. B pacnnac-
TaHHbIX KfEeTKax OTCyTCTBOBanu crpecc-unbpunn, dun-
nonoann U NceBOonovi MeHbLUE, KIEeTKM UMEKT cnabo
BbIpa>XEHHY CETb (DUITAaMEHTOB 1 HEGOSbLLOE KOMMMYECTBO
(QOKasnbHbIX KOHTaKTOB.

Puc. 2.

CKKM kpeicbl, pacrinactaHHbIe

B TeyeHne 1 4 Ha npenapatax
hrbpunnsapHoro konnarexHa | Tuna:
A—Ne 1;

BE—Ne 2;

B —Ne 3;

—Ne 4.

Yeennyenne x100

o6pasyowmm renb. Konnaren o6pasua N2 1 nmeer, BO3-
MO>HO, MOBPEXAEHHblE TeNonenTuabl, HO TakXe Crnoco-
6eH dopmmpoBaTb renb. Knetkm mmewT MeHblUWe Mnno-
wanb 1 nepumMeTp Ha KonnareHax o6pasuoB N2 2 un 3.
KonnareHbl aTux 06pa3uoB TakXe conep)kaT, BO3MOXX-
HO, NOBPEXAEHHble TenonenTuabl, HO He (opMUpyT
renb.

Tabrmuya 1. Mopchomerpuueckne xapakrepuctukm CKKM Ha pasnuuHbix o6pasuax

thn6punnapHoro konnareHa | Tuna.

Uccnepyembii obpasel
konnareHa | Tuna

CpeaHss nnowanb Knetku (MUKPOH) +
owubka cpegHero apucgpmeTmyeckoro*

Ob6pasey Ne 1 7,09+1,04
O6pasel Ne 2 6,28+0,92
Ob6pasey Ne 3 6,86+0,83
O6pasel Ne 4 7,01+0,98

CpeaHuii nepuMeTp KNeTku (MUKPOH) +
owunbka cpegHero apudMeTU4ecKoro

107,59+18,3

98,76+15,6
105,62+14,1
106,38+£17,9

* PeaynbTaTbl Nony4eHbl 1 06paboTaHbl ¢ NOMOLLBLIO nporpammbl «BuaeoTecT-Pasamvep 5.0».
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lponngpepauma CKKM Ha npenapatax ¢ombpunnispHoro

konnareHa | Tvna

Mpn kynbTnBnpoBaHum CKKM kpbicbl Ha rmapodobHbIX
Yawkax lNMetpn gnameTtpom 40 MM Cc HaHECEHHbIMW 06pas-
uamm KonnareHa | Tvna nepeble NPUKPENUBLUMECS KIETKMN
Habnopanucb Yepe3 30 muH nocrne nocesa. B TeveHue
4 cyT. hopMmurpoBarnca Cy6KoHMMIO3HTHbIA MoHocron. Ha
3TOM 3Tane KeTky CHUManu ¢ NopfioXKKN CTaHOapTHbIM
cnoco6oM 1 NOACHUTLIBaNN KX KOMIMYECTBO, a 3aTeM pac-
cUATbIBaNM VMHOEKC nponudepaunn knetok. Pe3ynbTatbl
npeacTaBrieHbl B Tabnvue 2.

HavbonbLuas nponndepaTriBHasi akTMBHOCTb Ha6Iioanach
npu pocTe KeTok Ha o6pa3uax korareHa N2 1 n 4. Ha o6-
pa3uax konnareHa N2 2 n 3 nponudepaumst 6bir1a H/XKE Mo
CpaBHEHMIO C renieocbpasyroyMy obpasuamMiy KosareHa.

OcteoreHHas aughcpepeHympoka CKKM Ha npenapaTtax

punbpunnsapHoro KonnareHa | Tuna

McToxMnyeckoe BbISIBIIEHWE LLUEnoYHor docdaTasbl
B CKKM Kkpbichl, BblpalymBaemMbIxX Ha pa3HbIx 06pasLax Kor-
nareHa ” WHOYLMPOBaHHbIX B OCTEOreHHOM HanpaBfieHuM,
nokasasno HanborblUee KONMMYecTBO hepMEHTa B KIETKaXx,

KynbTMBMpYyeMbIX Ha o6pa3uax N2 1, 2 n 4 (puc. 3A, b, T;
Tabn. 2). B Hux Ha6nwopanocb HanbomblUee KONMYecTBO
pacnnacTtaHHbIX (PMbpobriacTonofobHbIX KITETOK, MOS0XU-
TENbHO OKPAaLLEHHbIX Ha LLEenoYHyo hocaTtaldy. HanmveHee
slpkasi okpacka Habnoganack npu KynbTmerpBaHii CKKIM
Ha KonnareHe o6pa3ua N2 3. CnepoBaTenbHo, onTUMarb-
HbIMV 06pasuammn KonnareHa ang nposBefeHns 0CTeOreHHom
anddepeHUMpoBKn ABnsaTcA o6pasusl N2 1, 2 n 4.

TpexmepHoe kynbTyBuposaHne CKKM B

renecghopmvpyroLLmx npernapatax KonnareHa | Tuna

CKKM kynbTvBupoBanu B renax npenapatoB N2 1 n 4
B TEYEHWE OBYX Hed., KOHTPONMpys Npyv 3TOM pacnsiacTaH-
HOCTb KIETOK, KOTOpasi COXpaHsanach Ha NpPOTSXKEHW BCEro
BPEMEHN KynbTMBMpoBaHus. Yepe3s 3—5 cyT. HaudmHanach
KOHTpaKuKMs rensi, Bblpa>XeHHash B NOCTENEHHOM CTArvMBaHUN
Kpasi 1 yMeHbLLEH 06beMa rens. HYepes 3 cyT. KynbTUBK-
poOBaHUs NMpou3BOOUIIM CMEHY cpefbl Ha AuddepeHumpo-
Bo4Hyo (ocTeoreHHHyto). Ha puc. 4 npepctaBreHbl gnd-
(hepeHLVPOBaHHbIE OCTEOreHHbIE KIETKM, Npoayumpylowme
wenoyHyo docdaTtady B rensx konnarena | Tmna (npena-
patbl N2 1 n 4).

Tabnuuya 2. Inpekc nponudiepauumn U oueHKa akcnpeccun wenovHoil pocchpatasbl CKKIM Kpbichl,
KyNbTUBMPYEMbIX Ha KonnareHe | Tmna, nony4yeHHoro pas3nu4HbIMM cnoco6amm

. - < CpenHee 3Ha4yeHue + WUHTEeHCnBHOCTbL
Wccnepyembiin obpasely - ,‘f ‘: - WHpekc
onnarena | TMna & = e = owmnbka cpegHero nponudepaumMm OKpAacKu Ha LWEeNnoYHyr

= = = = apudgpmeTuveckoro* cdoccarasy**
o (o] o o

O6pasel; Ne 1 380 360 400 350 370+22,0 3,0 +++

Obpasel, Ne 2 300 170 150 250 220+27,1 1,8 +++

Ob6pasew, Ne 3 240 220 320 300 270+47,6 2,2 ++

Obpasel, Ne 4 460 340 360 370 380+66,5 3,0 +++

* PacyeT ownbKn cpedHero apnmMeTYeckoro npoBoausics no gopmMyse, ykasaHHon B NyHkTe «MaTepman u metoabl. Ctatuctnyec-

Kasi o6paboTka pe3ysibTaToB».

** JIHTEHCUBHOCTb OKpacKy YCrnoBHO CpaBHMBAsnuM ¢ KOHTPOSbHbIM 06pa3LoM KornareHa Ne 4, NpUHAB €ro 3HavyeHne 3a + + +.

Puc. 3.

LI|eno4Has ¢hocepataza B CKKM Kpbicekl,
KYNbTUBUPOBAHHBIX Ha PasHbIX
npenapatax KornnareHa | Tuna
Y NoABEPrHyTHIX 0OCTEOreHHON
avcbchepeHUMpoBKe:

A—Ne 1;

B —Ne2;

B—Ne 3;

—Ne4.

YBenu4enve x10
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Puc. 4. CKKM, nogBeprHyTble ocTeoreHHow anghehepeHUMpoBKe npu KybTUBMPOBaHWA B resisiX NpenapartoB KonanareHa (2,5 mr/mi)
Ne 1 (A) n 4 (B). Bpems nHgykumm guchchepeHumposku 10 cyt. Okpacka Ha Lweno4Hyro ghocepatasy. YeenmueHne x10

Mockonbky CKKM npoaoyuvpytoT LenoYHyio ocdatasy
B TeyeHne 10 cyT. v 6onee B reneo6pas3ylolmx Konnare-
Hax, BblOESEHHbIX C MOMOLLbK KMCIIOTHOM 3KCTpakuun n3
xBocTOB Kpbic (NpenapaT N2 4) 1 ¢ nomMoLlbo LWEeno4YHo-
CONEBOV 3KCTpakuMy M3 LWKypbl oBubl (Npenapat N2 1),
Takue KonmareHbl MoryT 6bITb UCMOSb30BaHbl Kak ans Tpex-
MepHoro kynbTrBrpoBaHs CKKM in vitro, Tak n gns TpaHc-
nnaHTauMn KNeTok B KOCTHYH TKaHb [fs1 BOCCTaHOBIIEHUS
HopMarnbHoOro octeoreHe3a. Bo3aMoXXHOCTb MCNonb3oBaHUS
TpaHCMaHTaToOB CTPOMaribHbIX KITETOK KOCTHOro Mo3ra ass
NMPOX0XXAEHNS HOPMarlbHOro OCTeoreHe3a B KOCTHOM [de-
hekTe 6Gblna NPOAEMOHCTPYPOBaHa B HaLLMX NPeablayLmnX
pa6otax [19, 20].

Takuv o06pa3om, HanBosbLLIEE pacniacTbiBaHWe CTPO-
MarbHbIX KITETOK KOCTHOrO MO3ra 1 MakCUMasibHbIA MHOEKC
VX nponudpepauun Habnwpganvuce Ha o6pa3suax KosiareHa
N2 1 1 N2 4. 311 ke o6pasupl oKasanncb Hanbonee npu-
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