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ViccnenoBaHo BrivissHue BBEHOEHWSI KOCTHOMO3roBbIX MYJIbTUIMO-
TEHTHbIX ME3EeHXVIMasIbHbIX CTPOMaribHbIX kretok (MMCK) Ha ¢hop-
MUVPOBaHMe KOCTHOV MO30sIM 110Cs1e 3KCMEePUMEHTAarIbHOro Mepesio-
mMa Marno6epLoBovi KocTv y Kpbic. [lpoTecTypoBaHbl K/1eTOYHbIE
npenapatel MMCK, npeakyribTBUpOBaHHbIX B YCII0BUSIX HOPMOK-
cum (20% 0,, 5% CO,, 75% N,) v NOHVXXEHHOro COAEepXaHns
kucriopoga (5%0,, 5% CO,, 90% N,). Pa6ota BbinonHeHa Ha 32
Kpblcax-camuax JiHu Buctap, KoTopbkle 6birivi pa3gaerneHbl Ha 4 rpyr-
nbl 110 8 XXVBOTHbLIX B KaXXKA0V B 3aBVICUMOCTYI OT BO3AeViCTBUS 10C-
e nepernova: 1 — KOHTPOsIb, 663 Kakux-sinbo AOMoSTHUTE TbHbIX
BO3AEVICTBAVI, 2 — BBEAEHNE B 30HY MOBPEXAEHWS KYI1bTYParlbHOM
cpenbl 6e3 ¢hakTopoB pocta, 3 — BBeneHve cycneHsuv (0,25 mn,
5x10° MIMCK) KnieTok, Ky/fbTUBMPOBaHHBLIX B CTAHAAPTHBIX YCIl0-
Busx, 4 — BBegeHvie Takoro e koridectsa MIMICK, kynbTvBupo-
BaHHbIX MPY MOHVXKEHHOM copepxxaHvn Kvicriopoga. [victomopgho-
METPUYECKWVI aHarm3 KOCTHOVI Mo30sim Ha 14 cyT. nocre onepauyviv
npogeMoHCTPYPOoBarl JOCTOBEPHOE YBENIMYEHNE KO3hULUNEHTa
yronuwenns B 1,2—1,3 pasa y XXVBOTHbIX, KOTOPbIM BBOAWIN KIle-
TOYHbIE MPenapatsbl, 0 cPpaBHEHWIO C KOHTporeM. [py aToMm 06bém
KOCTHOVI MO30JIM Y KPbIC 3KCNEePUMEHTAalIbHbIX TPy 6blT TakKe
B 1,3—1,4 pasza 6onbiie (p<0,05). 310 npovicxogurno, rnaBHbIM
06pa3oM, 3a CHET yBer4eHs 06bEMa Xpsillia, 60r1ee BblpaXkKeHHOo-
ro npy BeeaeHvn MMCK, KyribTVBYPOBaBLUMXCS] B YCIIOBUSIX MOHU-
J)KEHHOro copepxxaHvs kucropoaa. Takum o6pa3oMm, BBedeHue
MMCK cnoco6ctBoBarno yBennyeHio 06bLEMa HOBOOGPAa30BaHHbIX
TKaHevi Ha paHHeM 3Tarie (hopMVPOBaHVISI KOCTHOV MO30JIA Mpn 3K-
crepyMeHTaslbHOM repesioMe Tpy64aTovi KOCTU Y KpPbIC.

KnioueBblie cnoea: pereHepauna Koctn, MyJbTUNOTEHTHbIE
Me3eHXMalibHble CTpOMalibHblE KIETKU, NMOHMXEHHOE coaep>xa-
HME Kucriopoaa.

B HacTosiLlee Bpemsi, B CBSI3M CO CTPEMUTESbHbIM pas-
BUTUEM KITETOYHbIX MOAX0O0B B pereHepaTViBHOM 1 BOCCTa-
HOBUTESbHOM MeauuMHe, BCce GoMbLUNA MHTEPEC MpuBIieKa-
€T BO3MOXXHOCTb MOJy4YeHNsl B KOPOTKNIA CPOK A0CTaTOYHOIro
KonM4yecTBa K/ETOYHOro mMaTepuarna 3a cYeT 3KchaHcuu
KINeToK in vitro. MynbTUNOTEHTHbIE ME3eHXMaslbHbIe CTPO-
marnbHble kneTkn (MMNMICK), koTopble MoryT 6bITb BblOEMEHbI
13 KOCTHOro MO3ra, SBfSTCS B HAacTosILee BpemMsi Hanbo-
nee BOCTpeBoBaHHbIMU OJ1s penapaumy pasnnyHbIX TKaHe-
BbIX OEC(EKTOB B CBSI3U C WX BbICOKOW MPOnMdepaTBHON
aKTVBHOCTbIO B YCMOBUSX N Vitro N crnoco6HOCTbI0 K OCTe-
OreHHoW, agMnoreHHom, XOHOPOreHHon AMddepeHUMpoBKe
1, BO3MOXHO, aHrmoreHHom aktmsHocTbio [1—5]. Cnoco6-
HocTb MIMICK Kk andhdepeHUpoBKe B 0OCTEOreHHOM Hanpas-
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The effects of bone marrow multipotent mesenchymal stromal
cells (MMSC) injection on bone callus formation after fibula
fracture in rats were investigated. MIMSC preliminary cultivated
under normoxic (20% O0,, 5% CO,, 75% N, and hypoxic (5%
0,. 5% CO,, 90% N, conditions were tested. 4 groups each
containing 8 Wistar male rats were used: 1 — control (spontaneous
fracture repair), 2 — repair after serum-free cultivation medium
injection, 3 — repair after the injection of cells (5-10° cells in
0,25 ml) cultivated in normoxic conditions, 4 — repair after the
injection of cells (5x<10° cells in 0,25 ml) cultivated in reduced
oxygen tension. Bone callus histology analysis at day 14 after the
surgery showed statistically significant 1,2—1,3 time increase in
thickening coefficient in both cases of cell suspension injection
compared to control. Bone callus area was 1,3—1,4 time higher
(p<0,05] in bath experimental groups, mainly due to an increased
amount of the cartilage mass, which was more apparent in case
of hypoxic MIMISC injection. Spongy bone formation revealed the
similar trend although the differences between groups were not
statistically significant.

Thus, MMSC injection resulted in bigger amounts of newly
synthesized tissues at early stages of bone callus formation after
long bone fracture in rats.

Key words: bone regeneration, multipotent mesenchymal
stromal cells, reduced oxygen tension.

neHnn pana OCHOBaHwe npegnonaratb, Y4TO WX MpUMeHe-
HUE MNPV NEYeHUU NEePerioMoB U MOBPEXAEHU GONbLUMX
y4acCTKOB KOCTEN MOXXET YNyuylInTb MPOLECC 3a>KMBMEHUS,
4TO 1 6bINIO NPOAEMOHCTPMPOBAHO B PSiAE WCCrenoBaHuin
[6-8].

PaHee wmbl nokazanu, 4to kynbtvBmposaHve MMCK n3
KOCTHOIO MO3ra KpbIC B YCIOBMSAX NOHVKEHHOMO COAEP>KaHNs
K1Cropoda npuBOOUT K YBEMMYEHMIO NX NPONMAEPaTBHOM
aKTVBHOCTY 1 MOBbILLEHNID YCTONYMBOCTY K Pa3rnmYHbIM Mo-
Bpexxaawlwmm takTopam [5]. B HacTodwlen pa6oTe Mbl
nccneposanu BnvsHne seegeqHns MIMCK, kynbTuBrpyembix
npu pasnnyHom cogepxaHnn O, Ha (DopPM1POBaHE KOCTHOM
MO030M1 B 0611acTy 3KCNEepPUMEHTarnbHOro neperioma mano-
6€epLoBOA KOCTW Y KpbIC.
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Marepunan n merogbi

B pa6ote ncnonb3osanu cpepy pocta: o-MEM (ICN, CLLA)
¢ po6aenenvem 2 mM L-rnytamuHa (Sigma, CLUA), 1 MM
nupyeaTta HaTpusa, 100 eg/mn neHvumnnvHa n 100 mr/vmn
ctpentomuumHa (Gibco, CLUA) n 10% deTtanbHoM KOpoBbEN
cbiBopokn (MKC) (Hyclone, HoBaa 3enaHava) ons Kyrb-
TuBupoBaHusa knetok; 20 mM doctatHein 6ycep (DB)
(Gibco, CLUA) onsa otmbiBky knetok; 0,02% pactsop Tpun-
cuHa ¢ 0,05 % 3OTA (Gibco, CLUA) gns otkpenneHus kre-
TOK OT MOASIOXKKM.

lNonyy4enne v kynbtuBuposaHne MMCK vn3 kocTtHoro
mo3ra. Knetkn BblAeNSNM M3 KOCTHOro Mo3ra 6epeHHoNn
kocTtu 1,5 mecsa4Hom Kpbicbl-camua nuHum BucTtap, no onu-
caHHon paHee meToauke [5]. KynbTuBrmpoBaHue Bbige-
nexHbix MMCK nposogunn B CO,-nHky6aTOpe B ra3oBow
cmvecn — 20% 0, 5% CO,, 75% N,. lNocne nepsoro nac-
caxka 4acTb knetok nomewarv 8 CO,—wmHky6atop (N-MMCK],
a Opyryl 4acTb — B MyJibTUra3oBbili MHKY6aTop, B KOTOPOM
nogmep)kvBanach ra3oBasi cpeaa rmnokCcMYeckoro cocraBa —
9% 0,, 5% CO, n 80%. N, (HYP-MMCK).

B akcnepumeHTax no M3y4eHWo pereHepaTyBHOro Mno-
TeHumana MMCK 6bin ncnonb3oBaHbl KeTKy BTOPOro
naccaxa.

[na aHanus3a npupocTa KNeTok B KyfbType WCMoSib30-
Banv mMeTon BuaeomMukpockonuun. C nomoLbio Myukpockona
Leica DM IL (o6bektuB x<10) (Leica, Germany), cHa6>xeH-
HOro UMPOBO BMOEOKAMEPON, N306pa)keHne apxmBmMpo-
Banv 1 BMNOCNeACTBAN B KaXKA0OM (hriakoHe aHann3npoBanm
10 crauvoHapHbIX nonen aperHns nrowanpto 1,0 Mv? Kax-
oble 24 4, HadvHasa C NepBbIX CyT. MOCINEe nocagky v Oo
MOMeHTa naccmpoBaHus. KneTkn noacymTbiBany ¢ NoMOLLbH
nporpaMmmbl aHanmsa w3obpaxkeHus SigmaScan Pro 5.0
Image Analysis Software (SPSS Inc, CLUA). Konunyectso
KINEeTO4YHbIX YOBOEHUM paccyuTbiBany no dopmyne:

n=3,32 Iglx/x,).

NmmyHogeHoTrn MIMICK Ha BTopom nacca)ke 6biy1 oxa-
pakTeEPN30BaH C NOMOLLbK MOHOKJITOHaIbHbIX aHTUTEN K Cre-
ayrwmmMm MapkepHeiMm Monekynam: CD90, CD45, CD54,
CD73, CD11b, CD44 (BD Bioscience, CLLUA), a »unsHe-
CNOCOBHOCTb KJIETOK OLEHMBaNW C nomouwibl Habopa
AnnexinV-FITC Kit (Immunotech, @paHursa) Ha NPOTOYHOM
umTodnyopumeTtpe Epics XL (Beckman Coulter, CLLUA).

Kneto4Hbie npenapartsi. ONa NpuroToBEHWS KNeTouy-
Hbix npenapatoB MMCK oToenanu oT nnactuka Tpuncu-
HU3auMen, VHaKTVBMPOBany )epMeHT 0o6aBrieHnemM cpenbl
pocTa, Mnocfie Yero KIeTky pecycrnenHavpoBanyt B HEOGXO-
OVMOM KOMMYEecTBE KynbTyparibHOW cpefbl, HE copepka-
LLEN CbIBOPOTKY. TPaHCMOPTUPOBKY W XpaHEHWE KIEeTO4YHbIX
npenapaToB OCYLIECTBMASANM Ha NbAdy B TedeHne 2—4 4 npu
Temnepatype +4°C. Nepen BBEOeHVEM KrneTo4Horo npena-
paTa KNeTKM pecycrneHavpoBani 1 oTéupanyt Heo6Xxooumyo
anukeoTy.

JkcnepumeHTansHas Moaesb 0rnepauyyvoHHoro rnepesio-
ma mariovi 6epyoBovi KOCTV y Kpbic. B akcnepnmeHTe 6binv
NCMNOMNb30BaHbl KpbICbl-caMupbl NnHUM Buctap (32 oco6u
Becom okono 300 r.). lNporpamma nccrnenoBaHus 6bina
opno6peHa Komwuccmen ML PO-UMBI PAH no 6nomenn-
LUMHCKOW 3Tnke. HapkoTn3auus >XMBOTHbIX OCYLLECTBIIANAach
NnyTéM BBEOEHVS B NEBYH MKPOHOXXHYK Mbiwly 0,1% at-
ponvHa B KONMYECTBE, COOTBETCTBYHLLEM BECY >KMBOTHOIO
(cornacHo MHCTpyKuMK npou3soguTens). 3aTem B 3Ty Xe
Mblily Beoannn «3onutn-100» B go3e 8 wmr/kr (cornacHo
WMHCTPYKUMK npoundsoauTens). lNocne Toro, Kak >XMBOTHOE
rnepecTaBasio pearvpoBaTb Ha pa3gpaxkeHue, ero UKcu-
poBanu, BbICTpUranu LWepPCcTb B 30HE MfaHMpPyeMoro one-
pauvioHHOro BMELLATENLCTBA U TpWKAbl 06pabaTtbiBan 3%

CNMpPTOBbIM pacTBopoM Moda 1 96% cnmnpTom 1 npoBoaMny
pacceyeHve Ko)u B cpegHen vactu ronexn [9].

[anee skcnepyMeHTarnbHbIE XXUBOTHbIE GbINW paspene-
Hbl Ha 4 rpynnbl. XKNBOTHbIM 1- rpynnbl NPOBOAMN OMe-
paunoHHbIn nepenom (rpynna M) 6e3 kakmx-nnéo nocnegy-
IOLWMX OOMNOSHUTESNbHbLIX BO3AENCTBUA. PKMBOTHBIM 2-1
rpynnbl Nocsie NepeniomMa B 30HY NMOBPEXAEHUS N NpUnexa-
LY MblleYHy0 TkaHb BBogunu 0,25 mn cpefbl pocta 6e3
MKC (rpynna M+C). XXuBoTHbiM 3-i1 rpynnbl — 0,25 mn
cpenbl pocta 6e3 MKC, cogepxxawen 5x10°% N-MMCK
(rpynna N-MIMCKJ), kpbicam 4- rpynnel — 0,25 mn cpeabl
pocta 6e3 MKC, cogepxxawen 5x10° HYP-MMCK (rpyn-
na MN+HYP-MMICK). lNocne onepauuy paHbl NOCMAONHO 3a-
wmeanu. B npea- v nocneonepaunoHHbI NEpUon XXKMBOT-
Hble copep)kanncb B CTaHOapTHbIX YCNoBUSX BuBapus. B
nepvode peabunuTaumm NoABMXKHOCTb >KUBOTHbLIX Gblla B
npegenax HopMmbl.

Tvctonornyeckmii aHarm3. OUEHKY COCTOSIHUS KOCTHOW
MO30J1I1 Y XXMBOTHbIX npoBogunu vyepe3 14 cyt. nocne one-
paTVBHOIO BMeLlaTenbcTBa. HapkoTM3npoBaHHbIX KpbIC Oe-
KanuTrpoBanu, BbIAENSA ONeprpoBaHHy0 KOCTb W 04MLLa-
nn e€ OT «MArknx TkaHem». OToensm 30Hy KOCTHOWM MO30SK
n cvkcrposanu B 4% napadcpapmanbgervge Ha 0,1 M b
(pH 7,0—7,2) ¢ 2,5% caxapo3sbl npn +4°C. Nocne dukca-
u B TedeHne 10 cyT. nposoaunv gekansumHaumio B 10%
AOTA (pH 7,0—7,2). 3atem o06pasubl 06e3BOXMBanu, 3a-
nMBann B rMCTOMAacT W rOTOBUSIN CPE3bl TOMLLMHOA 5 MKM.
MpenapaTbl okpawwmMBan remMaTokCUIMHOM N 303UHOM, TO-
NYVMOVHOBbLIM CUHWM, NMKpodykcmnHom. [lanee Ha cpesax
onpegensany 06bem KOCTHbIX MO30JIEV, 06bEM XPALLEBOW
TKaHN 1 06beM HOBOOGPA30BaHHOM KOCTY NPV NMOMOLLM Npo-
rpamvbl «MOMM-BAOEOIJTAH», nocne 4ero paccymtbiBanm
KOS (PULMEHT yTOSNWEHWS NO (popmyre: gnamMmeTp KOCTHOMN
Mo30nn / anamMeTp HaTUBHOW KOCTW.

Cratvctunydeckuvi aHanv3. [ony4veHHble aaHHble noasep-
ranu ctaTUcT4Yeckon o6paboTke C UCnonb3oBaHeM T-Kpu-
Tepusa CtblopgeHTa.

Pesynbtarel n obecyxpaeHve

KynbTnBMpoBaHWe Npu NOHWKEHHOM COOEP>KaHUW KUNC-
nopofa nprBoansio K ABYKPaTHOMY YBENMYEHWO nponnde-
paTtuBHon aktuBHocT MIMCK. Ha 6 cyT. kynbTuBMpoBa-
HUS 4YMCNO KNETOYHbIX YOABOEHUA MPU MOHWXKEHHOM
cogepxxaHun kucnopopa (5%) coctasnsano 4,02+0,9, a B
06bI14HbIX yonosuax (20% 0,) — 1,9+0,3, 4to cornacyeT-
CA C paHee MosyYeHHbIMU daHHbiMK [5].

Kynbtueupyembie N-MMCK n Hyp-MMICK paznuyanucb
Mopdonoruydeckn: B kynbtypax N-MMCK Ha nepBom nac-
caxxe Npeobnaaany CUbHO pacnnacTaHHbIE KIETKN, a cpe-
an HYP-MMCK 6b1no 6onblue Menkux BbITAHYThIX KINEeToK
(puc. 1). iIMvyHOEHOTUNPOBAHME KITETOK K MapKepam,
cneundmynbiv gns MIMICK: CD90 (99,8—-100%), CD54
(99,5-98,9%), CD73 (94,70-99,8%), CD44 (96,3—
97.,0%), He BbigBuno pasnudun mexagy N-MMCK n
HYP-MMCK. Te v gpyrmne Knetku 6biv HeraTvBHbI Mo re-
MonoaTryeckum mapkepam CD11b (0,39—-1,25%), CD45
(0,35—1,43%). >XunsHecnoco6HocTe N-MMCK n HYP-
NMMCK B nccnegyemblx KyrnbTypax TakKe He oTrunyanach 1
coctaBngna 91,6+2% (4,36% anonToTUYecKux KI1eToK,
3,98% HeKpoTUYeCKMX KITeToK).

Bur3yanbHbIi 0CMOTP KOCTEN 3KCMEPUMEHTaNbHbIX >XN-
BOTHbIX MoKasarn, 4To y Kpbic Bcex 4-x rpynn B MecTe ne-
penoma npousolno obpa3oBaHie BEPETEHOO6PA3HbIX KO-
CTHbIX MO30SEN pasfnNYHON BENMYMHbI, JOCTAaTOYHO NPOYHO
CKPENMSALNX NPOKCUMAasbHbIN 1 OUCTanbHbIA OTIOMKN
KocTewn.
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vcTonornyeckoe wvccnenoBaHve o6racTy neperiomMa
V >KVBOTHbIX KOHTPOSMbHOW W 3KCNepyMeHTarbHbIX rpynn rno-
3BONUSIO YCTAHOBUTb, YTO KOHCOMMAAUMS KOCTHbIX OT/IOMKOB
BO BCEX CJlyyasiX L0 No T1y BTOpUYHOro 3axkvienenund. Ko-
CTHas M030/1b COCTOsa N3 3HOOCTarbHOW YacTu, COeaUHSI0-
el KOCTHble OTIIOMKW W NPeacTaBngaloLLern cobon gurbpos-
HYI0 TKaHb, 11 MEPMOCTAarIbHOM YacTW, BKITHOYaoLLEN XPALLEBYHO
TKaHb, Banky peTukynoubépo3Hon KocTn 1 (PUBpPo3HyIo
TkaHb. Bo Bcex ncernegyembix rpynnax B 3HO0CTarbHyH YacTb
BbINY BKIOYEHBI ONCTanbHbIE U/ NPOKCUMAarbHbIE OTIIOM-
K1 mMano6epuoBor KocTn. B 6onblUMHCTBE Cry4aeB OTIIOMKU
6b11 CcMeLLEeHbI Apyr OTHOCUTENBLHO Apyra. bankn petukyno-
(pMBPO3HON KOCTHOW TKaHW pacronarasmcb NpoKcUMarnsHO
1 OVCTanbHO OTHOCUTENbHO xpswa. [loBepxHocTbe Tpabekyn

Puc.1.

MMCK KpbICbl, KYbTUBUPOBaHHbIEMPY Pa3HOM
cofepXxaHu KUCIopoga:

A — knetku, KynbTyeuposarHbie npu 5% 0,, 5% CO,,,
90% NE ; b — knetkun, kynbTyBMpoBaHHsIe rpy 20% DE,
5% CO,, 75% N,. a30Bbwi KOHTPACT.

Bap — 100 mkm

nokpbIBanu ocTeobracTbl. Taknv 06pa3oMm, Ha cpe3ax Bo BCEX
nccnedyemMblxX rpynnax MoXKHO 6bIr0 BUOETb YHaCTKM TKaHEWN,
XapaKTepHbIX Ofs KocTHon Mo3onu (puc. 2), cooTHoLLEeHWEe
KOTOpPbIX GbISI0 PasnMyHbIM B CPaBHVBaAEMbIX rpynnax.

B rpynne I nepunocTanbHas 4acTb KOCTHOWM MO30J Co-
cToAna M3 MaccuBa XPSILLEBbIX KINETOK W LUMPOKONeTnne-
TO PeTuKynorBpo3HOM KOCTHOW TKaHW. Ha rpaHuue pe-
TUKYNonBPO3HOM KOCTU 1 Xpsillila HOBOOGpa30BaHHas KOCTb
copepxkana 6orblloe KoNMYecTBO COCYAO0B W OCTeokJlac-
ToB. B ueHTpe Tpabekyr, Ha rpaHuue C XpsLoM, Habro-
Oanncb MerKue M30reHHble Fpynmbl XPaLWeBblX KeTok.
MpocTpaHcTBO MeXay HEeKPO3MPOBaHHLIMU y4acTKaMu Ko-
CTV 6bINI0 3anofHEHO (OMBPO3HOWM TKaHbO, BpacTatoLLen co
cTopoHbl aHOocTa (cwm. puc. 2A).

Puc. 2. KoctHbii pereHepat 4epes 14 cyT. nocne sKCrnepyumMeHTanbHOro nepenomMa ManobepLoBoi KOCTU KpbIC:
1 — xpsiLueBasi TkaHb; 2 — hnbpo3Hasi TkaHb; 3 — KOCTHbIE OTIIOMKY ManobepL0BOV KOCTY;

4 — HoBOObpa30BaHHas PETUKYNOBPO3HasA KOCTHASA TKaHb;

A (rpynna 1) — Xu1BOTHbIM MPOBOAVIIN OMepPaLMOHHbI nepenom (6e3 kakvx nmbo AOMONHATENbHbIX BO3AEACTBIN);

b (rpynna M+C] — X1BOTHbIM NOC/e nepenomMa B 30HY MOBPEX[EHVIS i MPUEXaLLyto MbiLLe4HYo TkaHb Beoguv 0,25 mn cpege! pocTa;
B (rpyrina N-MMCK] — xwBoTHbiM BBOAgnm O,25 mn cpeabl pocTa, copepxatyen 5x10° knetok;

I (rpynna M+HYP-MMCK) — xvBotHbiM BBogunv 0,25 mn cpepbl pocta, cogepxatuen 5 x10° krneTok.

Okpacka: rematokcunvH 1 303uH. bap — 500 Mkm
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V >xunBoTHbIX rpynnbl 1+C, KocTHag mMo305b B Kaye-
CTBEHHOM OTHOLUEHWM He oTnu4Yanack OT rpynnel 1, HO
KONIMYECTBEHHbIE Pa3nnynsa GbifM JOBOSIbHO 3HAYUTESb-
HbiMW. Pa3mepbl KOCTHOWM M0o3051 y Kpbic rpynnbl [1+C
6bInn 6onblue, Yem y rpynnel [1, B 0OCHOBHOM 3a CYET yBe-
NMYeHNs 06bEMa XPSALLEBON YacTy NepuocTanbHOM MOo30-
nn. CocyguncTas ceTb B 3TOM rpynne Gbina cna6o pa3BuTa
(cm. puc. 2B).

B rpynne MN+HYP-MMCK pa3amepbl KOCTHOM MO3051 Y
KPbIC BbIN HAaNBOMNEE KPYMHbLIMU MO CPaBHEHWIO C KOCTHOM
MO30J1bl0 XKMBOTHbIX ApYrvx rpynn. YBenMyeHne pasmMepoB
KOCTHOWM MO30S1 NPONCXOOW0 3@ CHET pa3pacTaHus Xpsi-
LEBOV TKaHW, B KOTOPOW ONPeAENsnvCcb BpacTawwue co
CTOPOHbI BHYTPEHHWX CIOEB HAOKOCTHULbI MYyYK COEanHU-
TenbHon TkaHw (cm. puc. 2B). Kpome Toro, coegnHUTENb-
Hasi TKaHb O6GHapy>KMBarachb B TOSLE CaMOoro xpsilla B BUAOE
OTAesbHbIX 0cTpoBKOB. Co CTOPOHbLI MOSIOAOM KOCTHOW TKaHM
B XPSILLEBYH TKaHb BHEOPANVCb NanbLeBUOHbIE KOCTHbIE
OTPOCTKW, KOTOPbIE 3aMellanu paspyLluanmncs xpsawy,. Ha
NOBEPXHOCTM OTPOCTKOB Habnwpanicb ocTeo6macThl,
a MeXkaly 0TPOCTKaMM — MHOMQ4YMCIIEHHbIE KPOBEHOCHbIE CO-
cyobl. B TpaBekynax Mofiogon KOcTW 4YacTo Haxoaunuvch
eOVNHNYHbIE XOHOPOUMUTbI. JHOOCTanbHas Mo30Sb, B OCHOB-
HOM, COCTOSIfa M3 KIEeTOK MOJIO[0N KOCTHOW TKaHW.

V xuBoTHbIX rpynnbl [T+ N-MMCK o06bE8Mm Xxpsauwieson
TKaHW BbINT MeHbLUe, YeM Y Kpblc rpynnbl [+ HYP-MMCK.
B uenom kocTHasi Mo305b Noxogusia Ha TakoBY Y KpbIC
rpynnbl [MT+HYP-MMCK v oTnryanach ToNbKO MEHbLLIMMU
pa3vepamu (cm. puc. 2I).

PesynbTaTbl KONMMYECTBEHHOIO MMCTOMETPMYECKOr0 aHa-
NnN3a KOCTHbIX PErEHEPATOB, KOTOPbIE NOATBEPOUIIV TMCTO-
nornyeckve HabnoaeHs, NPeacTaBeHbl B Tabnumue.

Kak crnepyeT n3 taénuupl, 06beM XpSLEBON TKaHU
y kpbic B rpynnax MN+C, MNM+N-MMCK un NM+HYP-MMCK
Mo CpPaBHEHMIO C KOHTPOJSIbHbIMU >XMBOTHbIMK (rpynna I1)
[OOCTOBEPHO YBENMYMBACS, YTO XOPOLLO COBNadaeT C yBe-
nM4yeHnemMm o6beMa KOCTHbIX PErEHEPATOB B 3TUIX XKE rpymn-
nax >KmBoTHbIX. B rpynnax NM+N-MMCK wn M+HYP-MMCK
KO3 OULUMEHT YTOMLIEHNA NPEBbIWANT 3HaYEeHUs TakoBOro
Kak Mo CpaBHEHWIO C KOHTposibHOW rpynnow [1, Tak v rpyn-
non M+C. lMNpy aToM KO3I(HUUNEHT YTOSMLWEHNS Y KpbIC
rpynnbl [T+HYP-MMCK 6bin 60nblue, YeM Yy >XXMBOTHbIX
M+N-MMCK, xoTa 3To oTnm4me 1 He 6bl1o cTaTUCTUYEC-
K 3Ha4YMbIM. YTO >Ke KacaeTcsl o6bemMa HOBOOGPa30BaHHOM
KOCTHOW TKaHW, 3aMeCTMBLLEN XPSLLEBYIO TKaHb NepMocTasib-
HOM KOCTHOM MO3051, TO Pasfinynii B CpaBHMBAEMBbIX rpyn-
nax He Ha6nwQanoch.

CymMMUMpys AaHHbIE MMCTONOrMYecKX U rMcToMopoMeT-
pUYECKMX MCCIedoBaHnim, crieQyeT KOHCTaTUpoBaTb, YTO
y KpbIC C MepesioMoM MarnobepLoBo KOCTY, KOTOPbIM BBO-
o MIVICK, 6bIn yBenvyeH pa3mep pasBuBLUENCS KOCTHOWM

MO3051, NPUYEM 3TO YBENUYEHME 6bIN0 HECKOSIbKO 60Sb-
e B rpynne >XWBOTHbIX, KOTOPbIM MHbeumpoBanu MIMCK,
BbIpPaLLEHHbIE B TMMOKCUYECKON Cpeae.

B HacTosLLee BpeMsi BO3MO)KHOCTb MCMNOSIb30BaHUSA TEX-
HONMOrWM KNEeTOYHOW WU TKAHEBOW WHXEHEPUU ANS yrydy-
LEHNS 3a>XVBMEHNSA 1 BOCCTAHOBIEHWS (PYHKLMOHANbHOM
aKTMBHOCTW TKaHW NPV pasnimnyHbIX NOBPEXAEHMSX ONOPHO-
OBUraTenbHOro annapaTta npuBIiekaeT Bce 60SblNA NHTE-
pec [1, 4, 8]. MNowck B 3TON 061aCTN BEAETCH B OCHOBHOM
no ABYM HanpaBrieHVWsIM: COBEPLUEHCTBOBAHWE HOCUTENEN
ONs OOCTaBKM KNIeTOYHOro MaTepuarna B 0651acTb MOBPEXX-
OEHVS 1 HanpaBSiEHHOE U3MEHEHWE CBOWCTB CaMuX Krle-
TOK, BBOOMMbIX B 06racTb Aedekra. VIamveHeHne cBoncTB
KIETOK MOXXET OCYLLECTBIIATLCS Kak C NMOMOLLbI BBEAEHNS
[OMNONHUTESNLHOMD reHeTuydeckoro matepuana [10], Tak u
3a CYET MoaMMKauMn CBOWCTB KIIETOK, BbI3BaHHbIX U3-
MeHEHVEM MapaMeTpoB oKpyxxatwuwen nx cpegsl [11].
VryulleHe pereHepaum KOCTHOW TKaHW Nocre BBEAEHWS
B 06nacTtb gedexkta MIMCK 6b1ro npoaeMoHCTPMPOBaHD B
psiie ccrnenoBaHui, pesyrnbTaThl KOTOPbIX 0606LLEHb] B 06-
3opax [1, 2, 8].

B Hawen pa6oTe ocHOBHOW 3aaadent 6bl10 BbISCHUTb
6yoyT nn MMCK, KynbTUBMPOBAHHbLIE B YCIOBUSIX pas-
NNYHOro COAEP>KaHUS KUCIopoaa, BNUATb Ha napameTpbl
3a)XVBJTEHWNS KOCTHbIX AedeKkToB. B cBA3W ¢ 3TUM Mbl Bbl6-
pany XopoLUo 0XapakTEPN30BaHHY MOAESb 3KCNepUMEH-
TanbHOro neperioma mMano6epuoBon KocTn y kpbic [9],
KOTOpbIM HEMOCPEACTBEHHO B 06S51aCTb MeEpefnioMa cpasy
rnocre X1Mpyprm4eckoro BMeLlaTenbcTBa BBOAMN CYCMNEH-
3o N- nnn HYP-MIMICK B mManom o6bemMe KyrnbTypalib-
HoW cpepnpl.

BeepeHre MIMCK akcneprMeHTarnbHbIM >XXUBOTHbIM MpuU
pPas3fnYHbIX MOBPEXAEHMSX, TakMX Kak ocTpas noyeyHas
HegocTaTovHocTh [12], 6neomMuuMH-UHOYLUMPOBaHHOE Mo-
BpexaeHue nerkux [13], medektbl xpawa [14], kocTHO-
xpawesble gedektsl [15] 1 gp. npyBoaMT K yryyLIEHNo
pasnnyHbIX NapameTpoB pereHepauun TkaHen. [Noka3aHo,
4TO 1cnonb3oBaHKe B Takmx cnyyasx MIMCK, npegsaputenbHo
KyIbTUBMPOBaHHbIX B TMNOKCUYECKON Cpede, YyCUnBaeT ad-
OEKT, MO CpaBHEHWIO C BBEOEHNEM HopMokchyecknx MIVICK.,
B vactHocTu, nocne BeegeHus HYP-MIMICK 6Gonee Bbipa-
>KEHbl @HIMOTPOMHbLIE M BaCKyJIOTPOMHbIE MPOSBIEHUS
B PasfMyHbIX MoZensax nwemnn (MWemms HKHUX KOHeY-
HocTen y mMbiwen [15] v gp.).

PaHee mbl nokazanu, 4To KynbTuBupoBaHe MMCK
B Cpefe C MOHWKEHHbIM COOEP>XaHNEM KMCIopoda CTUMY-
nMpyeT nponudepaunio 3TUX KIETOK M CHYXKaeT crnocob-
HOCTb K OCTEOreHHon OnddepeHUMpPOBKE, YTO NO3BOSSET
nonyynTb GonblLUEE KONMMYECTBO ManoanddgepeHumpoBaH-
HbIX KIIETOK 3a MeHbluee Bpems [5]. Mbl npeanonoxuny,
4YTO BBEOEHME TakMX KIIETOK B 06J51aCTb KOCTHOrMO AediekTa

rMGTOMOpq)OMETpM‘IECKVIﬁI aHasn3 KOCTHbIX Mo3osen V KpbIC C 3KCnepumMmeHTaJibHbIM nepeJsioMmom

manob6epLoBoii KOCTN

SkcnepuMeHTanbHas O6Bbem KOCTHOWM O6BbEM xpsiLieBoOW O6BbEm HoBOOGpPa3oBaHHOMN KoadhcomumeHt
rpynna Mo3onu, Mm? TKaHu, Mm* KOCTHOWN TKaHW, MM® yTonueHus
Mn 10,3+2,3 1,1£0,7 5,7+1,8 3,8+0,7
n+C 12,7+3,4* 1,940,7* 5,8+1,6 3,6+0,6
M+N-MMCK 14,6+2,7* 1,940,8* 6,5+2,1 4,5+0,7***
MN+HYP-MMCK 13,7+£2,0* 2,4+40,5%* 6,0+1,8 5,0+1,6**

Mpumeuanme: * - cTaTUCTUYECKM 3HAYMMbIE Pa3nMyns No OTHOWEHMIO K rpynne [1; ** - ctaTucTnyeckn 3Hauynmble pasnuyns

no oTHoweHuvo k rpynne M+C.
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OPI/IFI/IHaIIbeIe nccnepgosaHuvsa

ManobepuoBOoy KOCTVM MOXXET oka3aTbCHa 6osiee agek-
TVBHbIM 0519 pereHepauun KOCTHOro Aedekra, YemM BBede-
Hne MMCK, KynbTBMPOBaHHBLIX O6LLENPUHATLIM METOO0M
npn 20% 0,. Takon adpdekT mor 6bl BbITb 06yCnoBMIeH
6onee 6bICTPbIM YBENUYEHEM KINEeTOYHOW Macchbl 38 CYET
nponudepaun n 6onee akTMBHOINO y4acTus KIeToK B pe-
reHepauuv n3-3a Toro, YT X KOMMUTUPOBaHME MOXET BbITb
3amepneHo. OgHako, 4yepe3 14 cyT. nocre onepauum cTu-
MyIvpyloLee BIVSHWE Ha pereHepauynio manobepLoBon
KOCTW KpbIC OBYX CPaBHMBAEMbIX KIIETOYHbLIX MpernapaTosB
[OCTOBEPHO He pasnu4yanocb, XOTH BblBfieHa TeHOEeH-
uMea K 60riee BblpaXeHHbIM 3deKkTam Mocrie BBefeHud
HYP-MMCK.
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3amMecTuTerb reHepansHoro aypektopa 000 «TpaHc TexHomorumy

CeropHsi HE06bI4aHO aKTyarlbHbl BOMPOChI, OTHOCALLME-
CcA K GUOTEXHOSONYECKOMY acrekTy KIeTo4YHoW Tepanuu,
B TOM YMCIe K KySfbTUBMPOBaHMIO CTBOSOBbIX KrneTok (CKJ,
W, B YacTHOCTW, K BO3MOXXHOCTV C MOMOLLbI0 M3MEHEHWN
VCIOBUI KyJbTVB/POBaHVS NOBIUSTL HA CBOVICTBA KITETOK U
Ha pes3yrnbTaTbl X TPAHCMIaHTaUMX NPy PasfiNyHbIX MaTo-
noruax. Ckopee BCEro, 3T0O CBSI3aHO C OMPaHWUYeHHOCTbLHO
CMEKTPa «MHCTPYMEHTOB» KITETO4YHOM Tepanu (HecMoTps Ha
akTvBHoe n3y4deHve CK, mony4eHHbIX Kak 13 eTarnbHbiX,
TaK 1 U3 camMblIX Pa3HbIX TKAHE B3POCIIOro OpraHi3ma, crie-
OYET Mpu3HaTb, YTO HanBOoNiee MEPCNEKTVBHBIMMY C TOYKU
3peHnst KIMHMYECKOro MCMosb30BaHsl OCTalTCs remMornos-

Takum ob6bpa3om, NMpPoOBEOEHHOE HaMW UCCenoBaHve
NpPoAeMOHCTPMPOBano 3ddeKTMBHOCTbL BBEOEHWS CYCreH-
3um MMCK, npepgsapuTenbHasi SKCnaHCUs KOTOPbIX Mpo-
BEOEHAa in Vitro B ycrioBUsSIX pasfiM4HOro COAEp>KaHUst KUC-
nopopaa, ans ynyyeHns (hopMMpoBaHNs KOCTHO-XPSLLIEBOI0
pereHepaTa Ha paHHeM aTane (opMUPOBaHWS KOCTHOM
MO30M1 NMpY 3KcneprMeHTanbHoM neperioMe manobepuo-
BOM KocTu y kpbic. OgHako, BONPOC 0 TOM, Kak MoBnvsieT
BeegeHne MMCK Ha no3gHue aTanbl pereHepauvn npu
nepernomMe Tpy64aTbIX KOCTEN, ABNSETCA npegMeToM Oalib-
HEMLIero M3y4eHus.
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KOMMEHTAPWIN

MN.B. Kpyrnakos
KaHompaT bronormyYeckmx Hayk

(CaHkT MeTepbypr)

TUYECK/E CTBOSIOBbIE KIETKA U MyNbTUMNOTEHTHbIE ME3EH-
XUMarbHbIE CTPOMAarbHbIE KIETKM KOCTHOMO Mo3ra) Ha dhoHe
OrpoMHOro pasHoobpasnsa 3aboneBaHur, Npy KOTopbIX Mbl-
TawTCs C pas3nvYHOn CTENeHb0 yenelHocTy npuveHaTs CK.

B HacTofllee BpemMs 3TW BOMPOCbI NPUBMEKAT BHU-
MaHVe COTeH MccredoBaTener no Bcemy Mupy. LormkeH
OTMETUTb, YTO Ha MPOTS>KEHUN MOCIeOHUX OECATV NeT Mno-
NbITKN NpeandepeHUMpoBKA KNEeToOK B KynbType Ons
YNyyLLIEHNS pe3ynbTaToB MocrenytoLllen TpaHcnnaHTauum
npeanpuHIManimcb B 0CHOBHOM B OTHOLLIEHVV 3MBpUOHanb-
HbIX CTBONOBbIX krneTok [1, 2], v ropasnoo pexe — npu
pabote ¢ gpyrumu tunavv CK [3].
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B cratbax J1.b. bBypaBkoBon n coaBT. «0co6eHHOCTUY
hopMMpPOBaHNSA KOCTHOM MO30JIM Y KPbIC MOCHEe BBEOEHUS
B 06/11acTe nepenoma MyJibTUNOTEHTHbIX ME3EeHXMarb-
HbIX CTPOMaribHbIX KIETOK, KYNbTVBUPOBAHHbLIX MpY pas-
NYHOM copgepxaHuu kmcnopopa» n Al XXawvb6anoson v
coaBT. «BnusiHne NOHV>XEHHOro COQep>XaHust KMcropoaa
Ha anddepeHUpoBKY MYIbTUMOTEHTHbLIX ME3EeHXMMarb-
HbIX CTPOMaribHbIX KIIETOK KOCTHONO MO3ra 4YerioBeka in
vitro», npencraBneHbl MaTepuarnbl, NOCBSALLEHHbIE aHano-
rM4YHbIM paspaboTkam Ans MyfbTUMOTEHTHbIX ME3EHXU-
MarbHbIX CTPOMaribHbIX KNeTok koctHoro modra (MMCK).
[laBHO M3BECTHO, YTO, HaANpUMeEpP, NPV HapyLUEHUW Win
M3MEHEHUM CTaHOAPTHbIX YCIOBUK KYIbTVBUPOBaHWS CTBO-
NOBbIE KIETKM B3POCOro OpraH1n3ma MoryT NpeTeprneBaTb
MPOLIECC CNOHTaHHOM AN EPEHUMPOBKIA, NMPUYEM HE BCE-
roa B HanpasreHUW, XapakTepHOM AfS HUX MNPy HaxoX-
neHun B opraHmame. Ona MMCK ato ocTteoreHHas,
agurnoreHHas 1 XOHOpPoreHHas andepeHuUnpoBKky, a npu
KynbTuBMpoBaHum B matpurene (Matrigel ™) B ycnosumsix
runokcun MIMICK chopmmpyroT Kanunnsaponogo6Hble CTPYK-
Typsl [4, B].

BrnvaHne kucnopoga Ha Npouecchl pocTa KNeTok v rx
anepeHupoBky — ogHa vu3 Havboree 06Cy>XXOaemblx
npo6rem B COBPEMEHHONM KreTtodHor 6ronorun. [dokasa-
HO, YTO HM3KKE KOHLIEHTpauuy KMCropona Crnoco6CTBYOT
Kak nponuepaumn KIneTok, tak 1 nx gudepeHunposke
B HEKOTOPbIX HamnpaBneHusx. AkTvBaums nponudepaumnn
B YCIIOBUSIX MMMOKCUM YacTo peanun3yeTtcs Yepel3 dakTop
HIF-1 (hypoxia inducible factor-1), ouddepeHupoBka —
Yepe3 curHanbHble Kackagpl, NPUBOASALLME K aKkTMBauuun
TpaHckpunuuoHHoro caktopa Notch [6].

CerogHa M3BECTHO, YTO Al HOPMAanbHOro pasBUTUSA
rofI0BHOr0 M03ra MIEKOMUTAKOLLMX, MOMKENYO0YHON XKe-
nesbl M HEKOTOPbIX OPYrnx OpraHoB Heob6xoauMbl Bpe-
MeHHbIE ycnoBusa runokcun [7—10]. KpaTtkoBpemeHHas
rMnoKcus TakXxe Heobxoguma ang 6oree OnuTeribHoro,
HEXXENW B CTAHOAPTHbIX YCIOBUSX, KYNbTUBMPOBaHUSA KIle-
Tok. Cnegyet OTMETUTb, YTO 3TOT NOAXOL Y>KE MCMosb3y-
€TCS B HEKOTOPbIX 3aKPbITbIX CUCTEMAX KYIbTVBUPOBaHNS
knetok no craHpgaptam GMP (good medical practice) ons
Nnocreayluwero NnpuMeHeHus B knuHuke. KomnaHuun
BioSpherix Ltd. (CLUA), Billups-Rothenberg Inc. (Kanaga),
New Brunswick Scientific (CLLIA) n HekoTopble gpyrve
npegnaratT CBOUM KIMEHTAM 3aKpbITblE CUCTEMbl Kyrlb-
TUBMPOBaHWS KINEeToK B YCIOBUSX YMEPEHHOM FMNOKCUN
(5% 0,) ¢ uenblo yBENNYEHNA CKOPOCTX POCTa KysbTyp
6e3 notepu vx AuddepeHuUMpPoBOYHOro noteHumana. Wx
JaHHble No 6osbLUer 4acTy COBNagjatT C AaHHbIMUY, npen-
CTaBMEeHHbIMV B OBYX 06CY>XOaeMbIX CTaTbsX.

JTn cTaTby, OONONHAS APYr Opyra, ONUCbIBAKT M3Me-
HeHnsa ceorcte MIMCK, KynbTVBMPOBAHHbBIX B FMAOKCU-
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YECKMX YCI0BUSAX, B CPaBHEHWW CO CTaHOAPTHbIMIW YCII0-
BUAMW KYNbTMBUPOBaHNA npy Hopmokcumn (20% 0,). Tak,
A.ll. XXam6anoBa v CoaBT. nokasanu, 4To YMEPEHHas rv-
nokcus B KyrbType He HapywaeTt cnoco6Hoctn MIMCK
oM PepPEHLPOBATLES B OCTEOrEHHOM V1 3HAOTENVAribHOM
HanpaBIiIEHNN, HECKOJSIbKO CHMXXas npy 3TOM Croco6HOCTb
K agunoreHesy, B TO BpeMs Kak «kectkas» runokcus (1%
0,) npengaTtcTByeT aMepeHLVPOBKE, Cnoco6CTByS, Mo-
BuaMmMomy, 60nee OnuTernibHOMY COXPaHEHWUIO KIeTKamm
cBoux mopdionorvv n nmmyHodeHoTuna. VIntepecHo 6bino
6bl NPOBEPUTB, HACKOSBKO 06paTUMbIM ABAAETCSH OaHHbIN
3OEKT, NOCKOSIbKY B Cry4ae ero 06patnmMmocTyi BPEMEH-
HOE MOMELLEHME KIETOK B YCIOBUA >XXECTKOW FMNOKCUMn
MOormno 6bl CTarb CNOCO60M MPENATCTBUSA UX CrOHTaHHOMN
O hepeHunpoBKe npu OnnuTesribHOM KynbT/BMPOBAHUN.
OnbIT pa6oTsbl ¢ kKynbtypamu MIMCK 4enoBeka rnoka3sbiBa-
€T, YTO HEKOTOPbIE MONYNALMY CKITOHHBI K N0OJ06HOM CroH-
TaHHON OundepeHuMpoBKE B OTCYTCTBUM Kakux-nmbo
andhepeHUpoBOYHbIX CTUMYITOB Ha paHHMX (0o LwecTtoro)
naccaxax.

J1.6. BypaBkoBa v c0aBT. NPOAEMOHCTPUPOBANY, 4TO
npegBaputenbHoe KynbTusmposaHe MMCK B ycnosusx
YMEPEHHOM rMMMnoKCumn YBENMYMBAEET X CNOCOBHOCTL K Andd-
hepeHuMpoBKE B XOHOPOreHHOM HamnpaBreHun nocrne
TpaHcnnaHTauuy XuBoTHbIM. CnegyeT y4ecTb, YTO B NOC-
nepHen paboTe KneTkn augepeHumpoBaninc Yxxe in vivo,
TO ECTb MOCIIE OTMEHbI FMMNOKCUYECKKX ycroBui. Ha cerop-
HALHWIA OeHb, TEM HE MEHEEe, N3BECTHO, Y4TO0 YMEPEHHasd
rTMMOKCUA CTUMYIMPYET XOHOPOreHHy amddepeHumpos-
Ky MMCK kak in vivo, Tak v in vitro [11, 12], n gaHHbie
pOCCUMCKNX VCCrenoBaTerier NnorHOCTLI COrfacylTes
C MOMyYeHHbIM paHee.

BbiHy>kgeH otmveTtuTs, 4Tto A.ll. >Kam6anoBa v coaBT.,
nayyasa guddgeperHumposky MMCK in vitro, paccyxpatoT
06 snpoTenvansHon guddepeHumposke MMCK, ocHoBbI-
BasCb NLLb HA8 MOPIONOrMYECKNX XapakTepmncTmnKax Kre-
TOK 1 HE OLEHMBAsA 3KCMNPECCUN MMV MapKepPOB 3HOOTENN-
OUMTOB, YTO, HA MO B3NS4, HECKOMNBbKO ONPOMETHMBO. Tem
He mMeHee, 06e o6cyxpaemble paboTbl NpPencTaBnAlT
HECOMHEHHbII TEOPETUYECKU 1 MPaKTUHECKN NHTEPEC.

CerogHs y>Ke HMKTO HE COMHEeBaeTCs B TOM, 4TO Kiie-
TO4YHbIE TEXHONOrn 6ynyT BHEOPEHblI B MEAOWLMHCKYIO
npakTvky. OgHako nepen Tem, Kak 3TO NpovM3ongeT, Oos-
XHbl 6bITb pa3paboTaHbl BOCMNPOM3BOAVIMbIE 1 HYETKO per-
NaveHTUPOBAHHbLIE METOAMKM PaboTbl CO CTBOMOBbIMU
knetkamu. [daHHble ny6nukauvv npubnu>kakT MOMEHT,
Korga Mertodbl KIeTo4HOW Tepanuu CTaHyT YacTblo PYTUH-
HOWV KIMMHWYECKOW MNPaKTuKy, 4acTU4YHO OTBEYas Ha O0OvH
13 KpaeyrosibHbIX BOMPOCOB COBPEMEHHOW 61OTEXHOSI0-
rmyeckor Haykm: Kak coxpaHuTb noTeHumarn CTBOSOBbIX
KINeToK /in vitro v peanvu3oBaTb €ro in vivo?
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