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PaspabotaHa TexHos10rvisi npuroToBrIeHNST KYJIbTyp CTBOJI0BbIX
v nporeHnTopHbIx kretok (ClK) u3 HeviporeHHbIX 30H MOo3ra 4e-
rioBeka v XXuBOTHbIX. OnpeneneH onTyMarbHbIvi COCTaB cpesbl [J/is
npormghepauyyn HeviparnbHbix ClK, BbipalyBaembiX CyCrieH3v0oH-
HbIM crioco6om B Buvpae Hevipocgep. [aHa mopghornornydeckas v
heHoTUNVHECKas XapakTepucTvika KyribTUBUPYEMbIX KIIETOK C UC-
r0s1Ib30BaHNEM MOHOKITOHarIbHbIX @HTUTESN K MapKepaM CTBOJSIOBbIX,
POreHUTOPHbLIX U 3PESIbIX KIEeTOK. YCcTaHoB/eHa CrloCO6HOCTb K
pocTty un HakorieHuo 6uomacckl ClNK B TedeHye 3-x naccaxxen.
lNpoBeneHa cpaBHUTENIbHAES OLEHKE WHTEHCYBHOCTY POCTE Hevpo-
cghep, nory4eHHbIX N3 pasHbIX 06riacTevi Mo3ra YesioBeka v XX1BoT-
HbIX. BbisiBrieH 6onee vHTeHcuBHbIA pocT ClIIK >XyBOTHbIX U3 cy6-
3MeHAVMHOVI 30HbI XKEry404YK0B M0O3ra vl 060HSITEsIbHOM J1yKOBULbI.

KnioueBble cnoBa: CTBOMOBbIE V1 MPOrEHUTOPHbIE KIETKU ro-
NoBHOro Moasra, mopdonorus, eHoTrn, NponudepaTnBHas aKTyB-
HOCTb, AnddepeHUnpoBKa.

K HacTosiliemy BpeMeHV Mnosly4YeHbl AaHHble, CBUAEe-
TEenbCTBYIOWME O HanM4uy CKPbITOro pe3epsa 06GHOBIE-
HVS COMAaTUYEeCKMX KINEeTOK B MOCTHaTarbHOM OHTOreHese,
6rnarogaps nogaep>kaHuio nyra cTBofoBbix knetok (CK) —
poAoHavanbHL pasnnyHbIX NMHUA KNeTo4vHon auddepeH-
umpoBkn [1-4].

YcTaHoBnNeH akT CyLLIECTBOBaHMS HelparnbHbIX CTBOSO-
BbIX U MPOreHNTOPHbIX KIETOK B onpepeneHHbix 3oHax LIHC
B3pocnbix mMnekonutawmx. OHw nokanvu3oBaHsbl
B cyGaneHOVMHOM 30He, 3y64aTor U3BUMVHE MNMnoKammna v
060HATENBHOW NYKOBULIE IOSIOBHOMO MO3ra 4YerioBeka U rpbi-
3yHoB [5—7]. 311 KneTkn OaloT Havano HepoHam, MaKpo-
rn 1 cnocobHbI MOAOEP>XMBaTb JOKarnbHbIA HEAPOreHe3 B
TEYEHVE BCEWN >XM3HW, 3HAYEeHMEe KOTOpOoro, oAHako,
B HacTosillee BpemMs HepgocTaToyHo mdyyeHo. CIK, nony-
YEHHbIE OT B3POCSIbIX XXMBOTHbLIX M YerioBeka, Mo MHOMMm
CBOVICTBaM MMEKT CXOACTBO C TakOBbIMW, MOSTyYEeHHbIMU U3
ambpuroHanbHon TkaHu. Ho oHu vivieloT Takke 1 pasnuyus,
COCTOSILUVIE B KONMYECTBE UX B OpPraHnU3mMe, B OrpaHn4eHHOo-
CTV NoTeHumana K OerneHuo B YCIoOBUSX KynbTypbl. «Pervo-
HanbHOEe CTBOSIOBOE NPOCTPaHCTBO» opraHa (rofoBHOro Mos-
ra) B3pOCMOro MCTOLLEETCS MO Mepe CTapeHusi opraHn3ma
[8—10]. He BbI3bIBaET TakXKe COMHEHWI, YTO TONbKO JO-
KarnbHbI/ HEMPOreHe3 He npuBOOWT K MOSIHOMY BOCCTaHOB-
NEHVI0 aHaTOMWYECKON CTPYKTYPbl 1 PYHKUMIA Npy Tpasma-
TUYECKUX MOBpeXaeHusax u cocyauctor natonorun LIHC.
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The technology for preparation of cultures of stem and
progenitor cells (SPC) from neurogenic zones of human and animal
brain was developed. Optimum medium composition for
proliferation of neural SPC forming neurospheres in suspension
culture was determined. Characterization of morphology and
phenotype of cultured cells with use of monoclonal antibodies for
markers of stem, progenitor and mature cells was performed.
The ability of SPC to grow and accumulate biomass during three
passages was established. Comparative evaluation of growth
intensity of neurospheres isolated from different regions of human
and animal brain was pursued. More intensive proliferation of
SPC isolated from animal subependymal zone of brain ventricles
and olfactory bulb was recognized.

Key words: neural stem and progenitor cells, morphology,
phenotype, proliferation, differentiation.

MpryrHon Heo6XxoAMMOCTY NPUMEHEHNSA KIETOYHbIX TEX-
Hororu B HesBponorvn [11 12], kak ogHoro 13 mertonos
Tepanuu, SBNSIOTCA HEBNaronpusaTHLIE MPOrHO3bl Y Mauy-
€HTOB, MEepPEeHECLUNX O6LUMPHBIA MHCYNbT UMK CTPadatoLLmx
HEerpopereHepaTyiBHbIMY 3a60MeBaHNsaMIn Pasnu4yHon 3T1o-
noruu.

O6Hapy>XeHne HerpanbHbIX NpeaLecTBEHHUKOB, CMO-
CO6HbIX K Pa3BUTUIO B HEMPOHbI 1 Makpornuio in vitro v in
vivo [8—10], naet BO3MOXHOCTb OSI U3YHEHUS KIETOY-
HbIX MEXaHW3MOB, fe>kallx B OCHOBE Pa3BUTUS HEenpo-
natonorun n penapauun [13 14]. HanvienHee Bcero
NCCRNEeaoBaHbl CBOMNCTBA MYNbTUNOTEHTHLIX GTBOMOBLIX U
nporeHnTopHbIX Kretok (CrK) B3pocrnoro 4ernoBeka M no-
NOBO3PESbIX XMBOTHbIX, UX CNOCOGHOCTb FEHepupoBaThb
HEPOHbI, acTPOUMTLI 1 onurogeHapounTsl de novo [8, 9,
11, 151.

O4eBMOHO, 4TO ONS PELLUEHUS MPaKTUYeCcKMX 3adad u
nposegeHnsa yHOaMeHTarbHbIX MCCNenoBaHuii, noTpeoby-
etcs HakorieHve CIK B poctaTo4yHOM KONMMYECTBE B KyJrlb-
Type. OgHako B HacToSLLIEE BpPeMs OTCYTCTBYET eOuviHbINf
npoTtokon nonyyenns kynetyp CIK mosra. Noatomy npea-
CTaBsIsieT MHTEPEC YCTaHOBIIEHVE ONTUMaribHbIX YCIOBUIA
BbIAENEHNSA N HapalLuMBaHMs KeTo4YHOM 6romaccel in vitro
CIK n3 HenporeHHbix 0611acTer Mo3ra YeroBeKa v XX1BOT-
Hbix [7, 15—17], nay4enune nx nponmdepaTBHOro n and-
dhepeHUMpPOBOYHOro noTeHumana.
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Marepunan n merogbi

Bcs pa6oTta no nony4eHno, 06paboTke TKaHW N KyIbTu-
BMPOBaHMIO KIETOK MPOBOAMIAachk B aCenTUYECKMX YCIOBUSX
B NaMnHapHom 6okce. [n1a npuroToBieHns KynbTyp UCMNOMb-
30Bany TKaHb M3 pa3HbIX HEMPOreHHbIX 06S1acTelr rofioBHOMO
MO3ra 3KcneprMeHTarbHbIX XXMBOTHbIX (1 kpornvk, 4 mMbliwin,
2 Kpbicbl): cy6aneHaMHas 30Ha >KernyaoykoB, rnnokamn,
060HATENbHasA NykoBMLua. )KMBOTHbIE COAEP>KanMCb Ha CTaH-
naptHom pauvioHe BuBapus BIMY, pa6oTta ¢ >XMBOTHbIMIM
npoBoauiacb B COOTBETCTBME C 3akoHopaTesnbcTBoM Pec-
nyénukn benapyce.

B pa6oTe ncnonb3oBanu Takke 06pasubl mo3ra (cyb-
aneHaMMHasi 30Ha >Kenyno4kos, Gernioe BeLLecTBO MNosyLua-
puiA Mo3ra, 060HATENbHas fykoBMua) 4-x YernoBek, NosyyeH-
Hble NPV onepaTUBHbLIX BMeELlaTeNlbCTBaX, BbIMNOSTHEHHbLIX MO
>KM3HEHHbIM MokKasaHuam (Tsykenasa 4YepenHo-mo3roBas
TpaBma). Bbi6op o6nacTten ons nony4eHnss o6pas3uoB Orl-
penenssics pacrnosioXXeHMEM o4ara TpaBMaTUYeckoro no-
BPE>XXOEHWA IOSIOBHOr0 Mo3ra 1 HeEO6XoariMbiM O06bEMOM
onepaTMBHOro BMellaTenscTea. 06pasubl Mo3ra OocTaBss-
nuck B nabopatopuito B cpeae OMEM ¢ aHTubrnotvikamun (reH-
TamuvumH — 100 mkr/mn n amdotepyuvH B — 10 mkr/mnn)
(Sigma, CLLIA). XpaHeHve maTtepuana ans nocesa KieToK —
He 6ornee 4-x 4 npn +4°C.

Onsa npurotosnerHns kynbtyp CIMK >XnMBOTHBIX Mcnonb-
30Bann CYCMNEeH3MOHHbIA METOA KyJbTUBMPOBaHWUS B BUAOE
Hempocdep [17].

OTcyTcTBME €OMHOrO CTaHOApPTHOrO NPOTOKONa Bblaene-
HUS 1 KyNbTUBMPOBaHWS in vitro HempanbHbix CIK B3pocnoro
YyeroBeka Nobyanio Hac Ha NepBbIx 3Tanax BOCMNoSib30BaTb-
cs MeToaoMm, npegnaraeMbiM ans kynbtmeBupoBaHusa CIrK
XMBOTHbIX [17] B cobcTBEHHOM Mopvdmkauymn. O6pasupbl
TKaHW M0o3ra YesioBeka BHavarne rnoaseprany MexaHn4eckom
pesarperaymn: B 4Halwke [leTpy namenbyany HoXXHMLamMun
B TeveHne 3 mMuH o pparmeHtos 1 mwme. 3aTtem o6paba-
TbiBanu He Tonbko 0,25% pactBopom TpuncuHa, Ho 1 0,1%
pactBopom kornareHasbl Tuna 1 (1:1), (Sigma, CLUA)
B TeyeHne 2—3 4 B TepmocTtate npu 37°C. lNocne dep-
MEHTATUBHOM AuccoumauMm 0cBO60XXAanncb OT KPYMHbIX
KOHrrioMepaToB KIeToK (OUnbTPOBaHEM Yepes3 HEMNTOHOBbIE
unbTpbl ¢ paamepom nop 150 MKM, 3aTeM LEHTPUIYIn-
posarm 10 muH. npy 1500 06./muH. Ocagok pecycnerampo-
Ban/ B POCTOBOV Cpene v O0BOAMIM KOHLEHTPaLMIO KIETOK
ans nocesa Ao 500 Tbic. kneTok B 1 M pocToBOM cpefpl.
CycneH3uo knetok B B M1 pocToBOoV cpedbl 3anvBanu
B KyrbTyparnbHble cnakoHbl (Greiner bio-one, Nepmanus),
MOKPbITblE aHTMaAre3vBHbIM MaTtepuanom (nonu-2-rmgpo-
okcuatun-metakpunatom) (Sigma, CLUA). KneTtku KynbTviBu-
posanu B CO,-vHky6aTope npu 37°C. B kavectse pocToBom
cpenbl ncnonb3oBanu nutatensHyto cpegy OMEM c FGF-b
B KoHuUeHTpauuy 20 Hr/mn v renapyHom — 8 mkr/mn. Kax-
Oble TPy OHA 0o6aBriany HOBYH MOPLMIO POCTOBOro hakropa
B TOW >e KoHueHTpauuun. MNpr mukpockonum Ha 7—10 cyr.
KyNbTUBMPOBaHWA Habrniopgany obpasoBaHne cBo6ogHoMnna-
BAKLLMX KIETOYHbIX arperatos, coctoswmx n3 50 n 6onee
KITeTOK, pa3mepbl KOTopbiXx K 14 cyT. yBenu4yMBanmceo.
B nocnepgyrollem ocyLecTBnsSM CMEeHy POCTOBOW cpefpbl Ha
VOEHTUYHYKO MO COCTaBy MyTEM LEHTPUEYrnpoBaHus cyc-
neH3noHHon KynbTypbl 10 MuH npy 1500 06./muH. Ocapok
pecycrneHapoBani NUNeTpoBaHMEM 1 pacceBany B HOBble
hnakoHbl. Oduccoumaumio KNeTok 13 Herpocdep npu 1x ne-
peceBax NpoBOAMIN MexaHuyeck (nrunetupoBaHnem) mnm
npv nomoww 0,25% TpuncuHa v 0,02 % 3[OTA (Sigma,
CLUA) B cooTHoweHnn 1:3. KynbTBrpoBanu KNeTku B WH-
Kybatope B atmoccepe, copepxaiienn 5% CO,, npn 37°C.

B pa6oTte vcnonb3osanu [dynb6ekko mMooudvumpoBaH-
Hyto cpeny Wrma OMEM n F-10 (Sigma, CLLUA) B cooTHoLue-

HuM 1:1 c pobaBkamn (Stem Cell Technologies, KaHana)
B CleayloLmMx BapuaHTax:

1) chakTop pocTta chubpo6nactos (FGFb, 20 Hr/mn);
anupepmanbHbii dakTop pocta (hEGF, 10 Hr/mn);

2) FGFb 20 Hr/mn; daktop, MHIMGMpYILWMA NenkemMmnio
(LIF, 10 Hr/mn);

3) FGFb, 20 Hr/mn;

4) hEGF, 10 nr/mn; LIF 10 Hr/mn.

Bo Bce BapuaHTbl cpen ao6aenanv renapuvH (8 mkr/mn)
M reHtamuumH B gose 100 mkr/mn.

KynbTypbl XapakTepu3oBanu Mo >XWU3HECNocO6HOCTU C
nomoulpto okpackn x 0,5% BogHbIM pacTBOPOM TpUMNaHo-
BOr0 CMHEro, a TakXKe no nponudepaumm n cnoco6HOCTU
opMuMpoBaTb HeMpocdepbl NP MEPEHOCE CYCNeH3Un
KNETOK B KyJibTypalbHble (fakoHbl C POCTOBOW CPeaocn u
no6aBkamMy )akTOpOB pOCTa CTBOMOBbIX KNeToKk. MHpekc
nponudepaunn (LIM) kneTok B naccaxkax onpenensny no
VX HapawmBaHWio B 3-X OTAEeSbHbIX (hrakoHax Ha 9-e cyT.
Kaxkgoro naccaxa. KonmyecTBo KMeToK NoAcYUTbIBann B
kamepe [opgeBa obLienpuHATbLIM MeTogom [18].

Ha6rniopgeHne 3a pocToM W pasBUTUEM XXUBbIX KyrbTyp
npoBoOVSIA EXXEOHEBHO C MOMOLLBI (Da30BO-KOHTPACTHOMN
mukpockonun Nikon Eclipse 50i (Nicon, 9noHus), npu yBe-
nuyeHnsax x100—600. lMNpr mMmopdonorniyeckomMm aHanmae
OLEHVBaNM KonnyecTso, hopMy, pa3mepbl Herpocdep, Ko-
NNYECTBO XWUBbIX NPONMEPUPYIOLLIMX KITETOK BO (hriakoHe
rnocne Ux guccouvaumm n3 Hempocdep.

[na deHoTunupoBaHusa HerparnbHbix CINK ncnonb3oBa-
nn aHtTutena cdupmbel Stem Cell Technologies, KaHapa. INMep-
BUYHbIE @HTUTENA: KPOSNYbS aHTMChIBOPOTKA K ranbHOMY
thumbpunnapHomy kucnomy 6enky (FTMOKB) ona noeHTudn-
kaumn actpoumTos, 1:100; MoHOKIOHanNbHbIE aHTUTENa K
HecTuHy, knoH Rat 401 gonga onpeneneHns cTBOMOBbIX Kile-
ToK, 1:50; MOHOKMNOHanbHble aHTUTEna kK mapkepy 0O 4
onuvrogeHgpounToB, 1:50; MOHOKNOHaNbHbIE aHTUTENa K
MUKPOTYBYNApHOMY accoumnpoBaHHomMy 6enky (MAP-2)
pasBuBawLmxca HenpoHos, 1:200.

BTopu4Hble aHTUTENA: KO3bW @HTUMbILLWHBLIE, MEYEHHbIE
cdnoopecuenHnsoTnounaHatom (FITC), 1:100; ko3bwu
aHTUKPONYbX, MEYEHHbIE 7-aMUHO-4-MEeTUNKYMapuH-3-yK-
cycHon kucrnoton (AMCA), 1:100.

MeHoTunuposaHue CIK npoBoavnv HenpsavbiM UMMY-
HodhntoopecuUeHTHbIM aHanraom (HVMA): Ha npeaBapuUTenb-
HO MokpbITble nonu-L-nn3avHom (Sigma, CLUA) nokpoBHble
ctekna HaHocunm 200 mkn cycnensunn CIK B poctosoi
cpene ¢ 2% amb6puoHanbHom Tenayben ceiBopoTkn (3TC)
(Sigma, CLLA) 6e3 pocToBbIX (0akTOpPOB U B 3aKPbIThbIX Yalll-
kax NeTpn nepeHocunu nx Ha 6—12 4 B TepmocTaT npu
37°C ona npukpenneHns 1 HapawmBaHua knetok. [danee
noctaHoBky HVIMA nposBogunn cornacHo pekomMeHpaum-
am cumpmbl Stem Cell Technologies. Busdyanusauuio peak-
LU NPOBOAMIA C MOMOLLBH FOMVHECLEHTHOIO MVKPOCKONa
Nikon Eclipse 50i (Nikon, AnoHua) n ceetoduneTpos BV-
2A n UV-2A (Nikon, 9noHunda), npu yBenuyveHusx x<100—
400 c mukpodoTocbemkon. CogepxxaHue 3crnpeccupyo-
WNX MapKepbl KNeTok onpepenanu, NogcyYuTbiBas
OTHOLLEHME KONnnyecTBa (rtoopecUmpyLLMX KITETOK B TPEX
nonsx 3perHus npu ysenudeHnn x200 k obliemMy Konmye-
CTBY K/IETOK B TEX >KE MOJSIAX 3PEHMS Mpy CBETOBOW MUK-
pockonuu.

Mpn cTtaTucTMyeckol 06paboTKe 3KCMEpPMMEHTalbHbIX
OaHHbIX BbIYUCNANM cpeaHeapuMeTUYecKNe BENNYUHBI,
X NOBEPUTENbHbIE MHTEPBAsbl 1 NPOBOOWSIV OLEHKY [0C-
TOBEPHOCTW Pasnuyui ¢ nomMoulblo kputepusa CTbiogeHTa.
Ha opHy To4ky nccnepoBaHus 6panv He MeHee 3-x hnako-
HOB C KynbTypamu.
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Pe3ynbrarel n obecyxagenve

[ns HapawwmeaHusa 6uomacckl CINK n noppep>xkaHus mx
B HeaMddepeHunpoBaHHOM COCTOSHVM HEOBXoOMO 6b10
onpegennTb ONTUMaribHble YCoBUS ONs UX OJINTESbHOro
KyrbTUBMPOBaHUS B naccaxkax. Ons 3Toro Hamu M3y4eHo
BNUSIHME YeTblpeX BapvaHTOB COCTaBOB POCTOBbLIX Cpen Ha
CNOCOBHOCTbL K MponudiepaumMn 1 reHepaummn Herpocdep
(cm. maTepuanel n meTtogbl). Ha puc. 1 npegcTaBneHsbl
OaHHbIE HAKOMMEeHUs KNeTok 2-X nepBuyHbIX KynbTyp CrK
yenoseka (cpegHve OaHHble) B AMHAMUKKE cy6raccaxkem c
1CNONb30BaHMEM pasHbIX BapyaHTOB POCTOBbLIX CPed.

B

o
\ \
\

w
ol

o o

N

".

MponucpepaTnBHas akTMBHOCTL *
n

o
o

(@]

Maccaxwm

BapuaHTtsl cpen
Ne 1 — IMEM+F10+FGF+hEGF (M = 4,530,2)

Ne 2 — OMEM+F10+FGF+LIF (1 =3,5%0,2)
Ne 3 — AMEM+F10+FGF (N=2,2+0,3)
Ne 4 — IMEM+F10+hEGF+LIF (n=15+0,2)

Puc. 1. lNponvghepatvsHas aktmBHocTs ClK mMo3ra venoBeka
B TeYeHVe 4—X rnaccaxevi KynbTBNPOBaHWS 1X in vitro

Ha pasHbIX BapyiaHTax M1TaTerlbHbIX CPes.

Mpumeyanue: * [ponvichepaTviBHas akTMBHOCTb — MHAEKC
niponvighepaLim KneTok (V1) — oTHOLLIEHVE HYm1Cia BbIPOCLLUMX
KNeTOK K Y1CIy NOCesHHbIX (£ cTaHpapTHas cpefHss olmbka)

Kak cnenyet vu3 guarpammbl N npy venone3oBaHuv
nepsoro BapuaHTa cpeab! (AMEM + F10 + FGFb+hEGF)
BbINn HaNBoNbLLUMM.

Takvv o06pa3om, no6aBrieHVE B CMEChb MUTATESbHbIX
cpen (OMEM + F10) 2-x poctoBbix dakTopoB: FGF-b un
hEGF o6ecne4dvBano nyullyi reHepauuvio Henpocdep u
HapallBaHVe B HUX KIIETOK, YTO corracyeTcst ¢ AaHHbIMU
HEKOTOPbLIX MCCreaoBaTenenr, KoTopblie Ong UHOYKUAN poc-
Ta HenpanbHbix CMK mncnonb3oBanu gBa hakTopa pocTa.
Y10 kacaeTcsd go6aBreHus pakTopa, NpPenaTcTBYIOLEro
crnoHTaHHoW audddepeHumpoBke knetok — LIF, To, kak no-
Kasanu Haliu MccrenoBaHns, OH CYLLECTBEHHO He BInan
Ha nponudepaTVBHYD aKTVUBHOCTb KITETOK. [lonyyeHHbIn
HaMy pe3yrbTaT COrfacyeTcs C NUTepaTypHbIMU OaHHbIMU
[17]. 3ToT chakTop, NO OaHHBLIM NTEPATYPbI, Yalle fob6as-
naT gna pocta CK, nonyyeHHbIx 13 ambBpuoHanbHOM 1
heTanbHOM TKaHW, 1 pexe Ansg kynbtusuposaHus ClMK
B3pOCHbIX MnekonuTalowmx. B To >ke Bpems nveloTcs OaH-
Hble, 4To LIF Mo>keT nmmopTann3oBaTe CTBOMOBLIE KITETKMU

N3 TKaHM M0o3ra B3pOCSbIX, UIBMEHATb UX CBOWCTBA Ha re-
HETMYECKOM YPOBHE TakiIM 06pa3oM, YTO Nocsie TpaHcnaH-
Tauum B OpPraHM3M OHX TEPST CNocoBHOCTb AMddepeH-
LUMPOBaTLCA B crneuvanuanposaHHblie knetkn LIHC [17].
[NosToMy MO>XHO 3aKn4nTb, YTO Bonpoc o ponu LIF Tpeby-
€T OarbHENLWEero N3y4eHns.

[Npn Mmukpockonun Ha 4—5-e cyT. KynbTyp 13 06pa3uoB
TKaHW Mo3ra 4enoseka Habnwoaanu o6pas3oBaHve cBob6of-
HOMaBaLWMX KNETOYHbIX arperatoB — Hempocdep, COCTo-
auwmx n3 50—100 n 6onee knetok. Paamepbl 1 KONWYecTBO
Herpocdep K 9 cyT. KyfbTMBMPOBaHWSA YBENNYMBASIMCD,
N COOTBETCTBEHHO YBENIMYMBANIOCb KOJSIMYECTBO KITETOK
B arperatax. OTmMe4yeHa Mopdionornyeckas reTeporeHHoCTb
Henpocdep, KoTopas BblpaXkanacb B UX pa3HbIX pasmMepax,
nroTHoOCTW yknagky knetok (puc. 2). Ha 10—12 cyT. Kyrb-
TUBMPOBaHWA Habnwaanocb 3amepneHne pocta CIK, w
BO3HMKana Heo6Xxo4VMOCTb B MEPECEBE VX B HOBblE (hna-
KOHbl CO CBEXXEN NUTaTeNlbHOW CPenon.

Mpy gnccouraumm KNeTok 13 Hermpoctep N paccesBe KX
B HOBblE KyrbTyparbHble nakoHbl Yepe3 3—5 cyT. Ha6ro-
[anv nosiBneHne BHoBb CChopMU1pPOBaHHbIX Herpocdep (BHa-
Yane HeGonblWWX pa3mMepoB), KOTOPbIE B MNOCHEOYHOLEM
VBENMYMBANNCL B pa3Mepe 3a CHeT Nponmupaunn KneTok.
Mpy onUTENbHOM NaccupoBaHUW B KySbTypax Habnwopanuv
(hOPMMPOBaHVE HOBbIX KISTOHOB MyTEM OTMNOYKOBbIBAHWUS OT
CTapbIX Herpocdep, a He TOSbKO POCT K/IOHOB 3@ CYET
aKcnaHcUy NepudepmnHecknx Croes MPOreHUTOPHbIX Kile-
TOK, BbISIBMSBLUMIACS NPW BbICOKOW NMIIOTHOCTU KynbTyp (cm.
puc. 2).

[N cpaBHUTENBHOr0 N3y4YeHUs NPonMgepaTUBHON akTVB-
HocTh 1 pocTa kynbTyp CINK 13 TkaHn pasnmnyHbIX HENpOreH-
HbIX 06/1acTe Mo3ra YernoBeka 1 XXVUBOTHbIX B aCenTUYECKNX
YCNOBMAX U3 06pas3uoB Pas3HbIX HEMPOreHHbIX o6nacTen
(rmnnokamn, cy6aneHanMHast 30Ha >Xenyno4koB, 060HATENb-
Has nykosuLa) Mo3ra nabopaTopHbIX XXNBOTHbLIX 1 YENOBEKa
(06oHATENBHAA NyKOBUUA, CyB3NeHOMMHasa 30Ha >Xenynoy-
KoB 1 6eroe BELWEeCTBO Mosyllapui mo3aral npuroToBreHo
22 kynbTypbl CIK no meTtogvke onvcaHHOM BbIlLE C UC-
nofib30BaHVWEM POCTOBOW Cpefdbl Cledyloulero cocrtaBa:
IOMEM + F-10 + FGFb +hEGF. pun aTom BbiSiBIeHO Mopdio-
NorMyeckoe CXOACTBO NMPOAyUMpYEMbIX Herpocdep, nosny-
YeHHbIX Kak M3 KIIeTOK MO3ra 4esioBeka, Tak W >KMBOTHbIX.
Ho nHTeHcmBHoCTb pocTa kynbTyp CIK Yenoseka n XX1BOT-
HbIX 6blfla pa3How.

Puc. 2. 'eTepomMopchHble Hevipocghepb! ¢ nprUaHakamm
crioHTaHHow aucbchepeHumposku CIK YenoBeka,
KYNbTUBUPOBaHHbIE HE Manoaare3viBHON MoBEPXHOCTY
(5 cyt. pocTa in vitro, KneTky 060HATEbHOM JTYKOBULbI).
Pa30B0—KOHTpacTHas Mykpockomnus. ¥B. x200
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Ha 1—3- cyT. nocne noceBa CycrneH3nn KNeToK U3 cy-
63neHOMMHON 30Hbl >KENYOOYKOB M0O3ra U 060HATESbHON
NYKOBMLbI KPOSMKa 1 MbILLEN BbISBIIEHO 06pa3oBaHNe CBO-
6ogHonnaBawwmx Hempocdep, (4—5 B none 3peHns MuK-
pockona, npu ysenudeHn x<200). Havano dgopmurpoBaHus
Hempocdep 13 KINeToK rMNnokKamna >XMBOTHbIX OTMEYarocb
Tonbko Ha 3—4 cyT. CpeaHee KonNMYecTBo cBOGoAHOMNIABa-
IOWKMX Herpocdep, NOACHUTaHHbIX B 3-X MOMSAX 3peHus
MuKpockona npu yeenudednn <200 k 9 cyT. (da3a akTuBe-
Horo pocTta CIK), npencrtaeneHo B Taénuvue 1.

Tabrvya 1. KonuvectBo cBo6ogHonnaBalowmx

Helpocthep B none 3peHns MUKpockona Ha 9 cyr.

pocTa nepBUYHbIX KYNbTYp 4Y€SIOBEKA M XXUBOTHbIX
3oHa Mbiube  Kpbica Kponuk Yenosek

CybaneHoumHas 55+3 54+3 48+3 24+2**
30Ha

O6oHATeNnbHaA 44+4 43+4 42+2 26+3**
nyKoBuLUa

'mnnokamn 35+2* 35+3* 32+3* -
Benoe BelecTBo - - - 10+2

nonyLiapuin Mo3ara

* KonuyecTtso Hepocdep A0CTOBEPHO MeHblle, YeM B Kyrib-
Typax 13 060HATENbBHOM NYKOBULbI U CYG3NEHOVMHON 30HbI XKEeny-
[0YKOB TOr0 XKE BMAA XXMBOTHOMO.

** (DopMMpOBaHE HEpPOCHEpP B YCIOBUSAX KyrbTypbl N3 KIETOK
M03ra YerioBeKa HacTynaeT Mo3Xe WM WHTEHCVMBHOCTb UX Hakornse-
HUS HWKe, Yem Yy >kmBoTHbIx (P<<0,01).

Mpn nogcyeTe Henpocdep 13 KINeTok 6eroro BeLecTBa
nosnyLwapuin Mo3ra yCTaHOBIIEHO UX JOCTOBEPHO MeHbLUEee
konuyectso — 1042 (P<0,01). Hawwm gaHHbIe 0 BO3MOX-
HOCTW MCMNonb30BaHNs 6e5oro BeELWECTBa MO3ra B Ka4ecTBe
WCTOYHMKA Ans BbloeneHns v npurotoBnexHms kynbtyp CIK
cornacylTcs ¢ pe3ynbTaTaMmu Apyrx uccrepoBaTenen,
KOTOpbIM TakXXe yAanochb MofyyYuTb aHanoru4Hble Kyrb-
Typbl [19].

Takuwv o06pasom, CINK 13 HerporeHHbIX 30H MO3ra Xu-
BOTHbIX (DOPMVPYIOT HeMpocdepbl paHbLUe, N OHW Hakann-
BaloTCcs B 6ONbLUEM KONMYECTBE, YEM B CIlydae KyfbTUBU-
poBaHVs KNEToK Mo3ra Yenoeeka. Bo3amo)kHo, 3To cBsi3aHO
C Hann4mem HeogmHakoBoro konudectsa CIK B pasHbix 06-
nacTax Mo3ra YerioBeka U 3KCNepUMEHTarbHbIX YXMBOTHbIX,
4YTO B CBOK 04Yepefb CBSI3aHO C BO3pacToMm opraHmama [2].

Mpn UMMYHOLIMTOXMMWNYECKOM aHanmn3e (PeHoTUMNOB Kre-
TOK Mcnonb3oBanu Herpocdepbl He No3xe 9-x cyT. pocTa
B KynbType. CycneH3noHHy KynbTypy Hempocdep nepe-
BOOWUIA B MOHOCIOMHYIO NYyTEM NMOAPALLUMBAHNSA KITETOK
B TeveHne 2—6 4 Ha BbICOKO agre3vBHow noBepxHocTuh (no-
KPOBHOM CTekse, o6pa6oTaHHoM nonu-L-nn3nHom). Vimmy-
HOLIMTOXVMUYECKUA aHann3 KIeToK Herpocdiep YerioBeka
M XKMBOTHbIX N3 pa3HbIX 06/1acTert Mo3ra BbISIBUST X reTe-
POreHHbIA COCTaB, XapakTeEPM3YIOLMIACS pa3HOW CTeneHbo
3penoctn knetok. KonnyectBo HECTUH -, BUMEHTUH -,
MAP-2+-, O 4+-kneTtok (Mapkep He3perbIX 0NMroaeHapo-
UMTOB) CUNbHO BapbMpOBarno B Npeaenax O4HOW OMbITHON
rpynnbl. H1 B ogHOM 13 KynbTyp He Habnoaanoch npesanm-
poBaHMs MoHoTuna Bbiwe ypoBHA 30—50%. lNocTosHHbIN
nonMMopdr3M KINeTok B Herpocdiepax MoaTBEpPXXKAaeT KX
MYJbTUNOTEHTHOCTb.

@ ---

Puc. 3. Knetku Henoseka, BMccounvpoBaHHbie U3 Herpocgep v KynbTiBrpyeMble 6e3 (hakTopoB pocTa Ha aare3viBHOVI MOBEPXHOCTU:
A — KNETKW, MONoXUTENbHbIE Ha onvrogeHapounTapHeii mapkep O 4 (npeaLecTBeHHVIKA OnrogeHapoLmMToB);
b — M®KB—nonoxuternbHble Knetku (3pernbie actpountsl); B — MAP-2—nonoxuTenbHble KNeTky (pa3suBaroLMecs HEVPOHbI).

JlromuHecyeHTHas myikpockonvst. YB. x400

Puc. 4. Kynbtypa ClK B ycrioBusix MOHOCTIONHOIO KynbTuBMpoBaHvis, 12 cyT. pocTa in vitro: A, b — pa3Butne KneTok—npeaLLIecTBEHHNL
v nx auhchepeHUMpoBKa B YCIIOBUSAX MEPEBOAAa U3 CYCMEH3VOHHOMO KY/bTYBAPOBaHWS B MOHOCIIOVIHOE, MoSIBIIEHVE OTPOCTKOB

Y MEXKITETOYHbIX KOHTAKTOB; A — cihopMypoBaHHas Hevripocghepa B KyrbType CTBOMOBbIX U MPOreHUTOPHbIX KNETOK MbILLV [KpacHasi
cTpenka); b — Hevipocghepa B KynbType CTBOMOBbIX U MPOreHNTOPHLIX KIETOK YesloBeKka; B — HECTUH—MOMOXUTENbHbIE KNETKU, MEYEHHbIE
7—amnHo—4—meTunkymapuH—3-ykcycHou kucnoton (AMCA] B Hevipocghepe ripy HVIPA (ronyboe ceeqeHue).

A, b — ¢hazoBo—KoHTpacTHas MuKpockonus; B — niomuHecyeHTHas muykpockonvs. YB.: A, b x100; B x200
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Kak BMOHO 13 gaHHbIX, NPeAcTaBfeHHbIX Ha puc. 3, He-
KOTOpble KIEeTKM YernoBeKka 13 KyNbTMBUPYEMbIX HeMpocdep
copep>kaT Mapkep He3penbix onurogerapoumtos — 0 4 (puc.
3A) vnun Henpo6nactoB — MAP-2*-knetkn (puc. 3B). Bbl-
ABNSATCA Takoke Mapkepbl 1 3pernbix actpountoB — [MKBE -
knetkn (puc. 3B).

Mpn 1M3y4eHM DEHOTUNOB KMNETOK M3 Herpocdep, Mno-
NYYEHHbIX OT MbILWEN, BbIABMEHbI TAKXKE HECTUH " -KINEeTKN,
coctaBnsowme 3—15% (puc. 4B).

Mony4eHHble HaMKn pe3ynbTaTbl N0 PEHOTUNVPOBAHNIO
KINEeTOK M3 Herpocdep NOATBEPXKAAT TOT akT, YTo MNpo-
OYUMPYEMbIE B KYIbTYpPE CTPYKTYPbl ABMASKOTCA MCTUHHBLIMM
Henpocdepamn — knoHamu CIIK, a nopob6paHHbie Hamu
YyCNoBUS X pocTa 06ecrneynBaloT X NPoayKUMo.

3aknovyeHne

Paspa6oTtaHa TexHonorus npurotosnenus kynstyp CIK
N3 HEMPOreHHbIX 30H MO3ra YeroBeka W XXMBOTHbIX, Bblpa-
LLIIBaEMbIX CYCMNEeH3MOHHbIM CNOCob0oM B BMOe Hempocdep.

OnpepeneH onTuMarbHbI COCTaB cpefbl Ans nponu-
tepaunn HempanbHbix CIK 13 HemporeHHbix o6nacTen
MO3ra 4erioBeKka ¥\ XXMBOTHbIX: nuTatenbHas cpega JMEM

JINTEPATYPA:

1. Eropos B.B., VBaHoB A.A, lNanbues M.A. CTBOnoBbIe KIETKU
yenoseka. MonekynspHas meguumHa 2003; 2: 3—14.

2. Penun B.C., PxannHoBa A. A., LWawvenkos [.A. 3mbproHanbHbie
CTBOSIOBbIE KMETKU: (hyHAaMeHTanbHas 6uonorvis n meguuvHa. Mocksa:
«PemeTtekc»; 2002.

3. B.M. Waxos, N.A. Xnycos, I'.Ll. Javbaes v op. BeegeHvie B meToab!
KYIbTypbl KIETOK, 6MOVHXXEHEpP opraHoB 1 TkaHen. Tomck: STT, 2004.

4. Fred Y., Gage F. Mamalian neural stem cells. Science. 2000; 287:
1433-8.

5. Eriksson P.S., Perfilieva E., Bjork-Eriksson T. et al. Neurogenesis
in the Adult Human Hippocampus. Nat. Med. 1998; 4: 1313—7.

6. Johanson C., Svenson M., Wallstedt L. et al. Neural stem cell in
the adult human brain. Cell Res. 1999; 253: 733—6.

7. Ritzke R. L., Vacanis H., Bresker G.F. et al. Purification of pluripotent
NSC from adult mouse brain. Nature 2001; 412: 735-8.

8. Kukekov V. G., Laywell E. D., Suslov O. et al. Multipotent stem/
progenitor cells with similar properties arise from two neurogenic regions
of adult human brain. Exp. Neurol. 1999; 156: 334-44.

9. Laywell E. D., Rakic P., Kukekov V.G. et al. NSC isolated from adult
postoperative brain biopsy. Proc. Natl. Acad. Sci. USA 2000; 97: 13883—8.

10. Villa A., Javier R., Navarro B. et al. Human neural stem cell in
vitro. A focus ontheir isolation and perpetuation. Biomed Farmacother.
2001; 55: 91-5.

11. Muraoka K., Shingo T., Yasuhara T. et al. Comparison of the
therapeutic potential of adult and embryonic neural precursor cells in a rat

n F-10 c po6aBneHvem pocToBbix dpaktopoB — FGF-b n
hEGF. YcTaHoBneHo, 4To MopdonorvM4ecknn coctaB Hem-
poccep reteporeHeH. OHM nMeloT pasHblie pa3mepbl (OT
50 po 350 mKkm B anaveTpe) 1 pasHyl NIoTHOCTb YKIaaKu
KneTok. (DeHOoTMNMPOBaHVE NONYNSALMN KITETOK B HEMpocde-
pax BbISIBAMNO WX CreaylLlimMe TUMbl: CTBOSIOBbIE KITETKM
(HECTMH ™ -KNEeTKK), NPeaLeCcTBEHHNKN HEVPOHanNbLHOM Npu-
poabl (MAP-2+-kneTtkun), KNeTkM-npeawecTBEHHVKA Onuv-
ropeHapounToB (O 4*-kneTkn) n 3penbiXx acTpouUTOB
(T®dKBb " -kneTkn).

ViccnepoBaHbl MophodyHKUMOHANbHbIE CBOMCTBA 22-X
nepBuYHbIX KynbTyp CIMK 13 pasHbix HEMPOreHHbIX 0651acTen
MO3ra 4YesioBeka 1 3KCMNepuMEHTarbHbIX XXMBOTHbIX (Kponvk,
MbILWK, Kpbicbkl). BbigBneHa 6onee akTBHasa nponvdepaums
kynbTyp CINK 4yenoseka, Nony4eHHbIX N3 KNEeToK 060HATENb-
HOM NYKOBUUbI 1 Cy63NeHAMMHON 30HbI XKESyA04KoB, YeM
13 6enoro BellecTBa Mo3ra. [onyyeHHble pesynbTaTbl Mo-
ryT 9BUTbCHA Hay4HOWM 1 NpaKkTUYeckon 6a3om npmn paspaboTke
NPOTOKOSIOB JIeYeHUs1 BOSbHbLIX C HEMpopereHepaTUBHbIMM
3a60neBaHAMY, TPAaBMaTUYECKMY NOBPEXOEHVSMU N CO-
cyamcTon natonorven LIHC, ocHoBaHHbIX Ha ayTOreHHoW uin
annoreHHon TpaHcnnaHtaumn ClrK.

model of Parkinson disease. J. Neurosurg. 2008; 108: 149-59.

12. Huang J. H., Zager E. L., Zhang J. et al. Harvested human neurons
engineered as live nervous tissue constructs: implications for
transplantation. J. Neurosurg. 2008; 108: 343—7.

13. Toda H., Hamani C., Fawcett A. P. et al. The regulation of adult
rodent hippocampal neurogenesis by deep brain stimulation. J. Neurosurg.
2008; 108: 132—-8.

14.Vorasubin B., Weedin J., Saljooque F. et al. Selective
differentiation of central nervous system—derived stem cells in response
to cues from specific regions of the developing brain. J. Neurosurg.
2007; 107: 145-54.

15. Gage F., Coates P., Palmer T. et al. Survival and differentiation of
adult neuronal progenitor cells transplanted to the adult brain. Proc. Natl.
Acad. Sci. USA 1995; 92: 11879-83.

16. Pesuwmn A.B., AnexcanppoBa M.A., lMogropHbin 0.B. v gp.
He#panbHble cTBONOBbIE NMofAa 4YerioBeKa B MO3re KpbIC: BRMSHUE
npeaBapuTenbHOro KynbTMBMPOBaHWUS Y TPaHCMNaHTauuy. bon. akcnepymeHT.
6uvon. n meguunkbl 2005; 139: 181-4

17. Reynolds B., Weiss S. Generation of neurons and astrocytes from
isolated cells from the adult mammalian central nervous system. Science
1992; 255: 1707-10.

18. Mukpockonuyeckasa TexHka: PykoBoacTBo ansa Bpadei 1 nabopaHToB.
Mop pen. . C. Capkucosa 1 KO.J1. MNepoea. M.:MegnupHa; 1996.

19. Nunes M. C., Roy N. S., Keyoung H. M. et al. Identification and
isolation of multipotential neural progenitor cells from the subcortical white
matter of the adult human brain. Nat. Med. 2003; 9(4): 439-47.

lMoctyrmna 19.05.2009

*

KnerouHas TpaHcnnaHTonorus v TkaHeBas nHxeHepus Tom IV, Ne 4, 2009

*



