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Bnnue cknagy XXMBUILHOro cepegoBuLLa Ha MOPONOrivyHi XapakTepUCTUKN

KyNbTYpPU KNiTUH CniHanbHUX raHrniiB HeoOHaTanbHUX MNOPOCAT
C.I".Ani, O.C.CupgopeHko, I".A.Boxok

IHemumym nipobnem Kpiobionoeaii i kpiomeduyuHu HAH YkpaiHu (Xapkis, YkpaiHa)
bozhokgaru@gmail.com

CniHanbHi raHrnii (CI') € noTeHUiiHMM O)XepernoM HenpanbHUX CTOBOYPOBUX KITiTUH, OCKINbKW MICTATb KNiTUHU-
noxiaHi HepBoBoro rpebeHxto, 3aaTHi 40 AudepeHLitoBaHHSA B HEMPOHM Ta KMiTUHM rnii. AQEeKBaTHOK Cy4acHO
MOZENn Ans AOCNIMDKEHb in Vitro MOXHa BBaXaTu KynbTypy KMiTWH, OTPUMaHi Big TBapuH, Gnm3bkux 3a
igionoriyHMMK xapakTepucTmkamn A0 nanHU. B LbOMy BigHOLWIEHHI 3pyYHUM MoAernbHUM O06'ekToM €
KynbTypu KNiTWH, oTpmuMaHi 3i CI™ cBUHI foMalHboi (Sus scrofa domesticus). MeToto po6oTu 6yno oTprMmaHHs
NEPBUHHOT KynbTypu KniTvH 3i CIT HeoHaTanbHUX MOPOCAT i BUBYEHHS iX MOPGONOrivYHUX i nponidhepaTnBHNX
BMacTMBOCTEW B 3aneXHOCTi Bif cknady cepefoBulla KynbTuByBaHHs. Cknag cepefoBuLl, NPUroTOBaHWX Ha
ocHoBi a-MEM, BapitoBaBcsa 3anexHo Bif HasBHOCTI deTanbHoi Tensyoi cupoaTtkm (PTC) abo ii cyvacHmx
3amiHHUKIB B-27 T1a HeripoMakc. BctaHoBneHo MopdonoriyHi BigMIHHOCTI MepBUHHUX KynbTyp knituH CI
HeoHaTanbHWX MOPOCAT B 3aNnexHOCTi Big CKNagy >XWBWNbHOro cepegosuwa. [Mpu KynbTUBYBaHHi B
npucyTtHocTi 10% PTC cnoctepiraeTbCa MPUKPINMEHHS KNITUH Ta (OPMYBaHHS MOHOLIAPY 3 MaHTiNHMX
rnioumTie (M) i dibpobnactonogibHux kniTMH. Ha MoHowWwapi NpUCYTHI HEeBEnuKi KOMOHii HEMpOHIB, SKi
NPOAYKYTb AOBri BiAPOCTKW. Mpu KynbTMBYBaHHI B npucyTHoCcTi HenpoMakc Ta B-27 ocHoBHa maca KniTuH He
MPVKPINIIIOETLCS, ane OpranisyetTbca y roTyroui MynbTUKNITUHHI cchepoign (MC). Mpu nepecisi KynbTypw,
oTpumaHoi B npucyTtHocTi 10% ®TC, crnocTepiraeTbcs LWBMAKE NPUKPINIEHHA Ta nponidepadis knituH. Mpu
nepecisi MC, oTpumaHux B npucyTtHocTi HepoMakc Ta B-27, B cepenoBuiie 3 10% PTC cnocrepiraetbcs
npukpinneHHs MC go cybetpaTy Ta Mmirpauis 3 HUX KniTuH. Lli kniTuHn 36epiratioTb 3gaTHICTb 40 aKTUBHOI
nponidepalii, ockinbku Ha 5—7 foby cybKynbTMBYBaHHS MOHOLLAP JOCArae KOHNOeHTHOCTi. HesanexHo Big
cknagy cepefoBuLLa NMEPBUHHOMO KyNbTUBYBAHHSA Y BCiX CYOKyrnbTypax MOpdOmoriYyHO po3pisHATLCH 3 TUNn
kniTvH: MIT, HenpoHonoaibHi Ta dibpobnacTtonoaibHi kMiTMHW. Tun KNiTWH, WO npeBantoe B CyOKynbTypi,
3anexuTb Big cknagy XueunbHoro cepegosuwa. lMpu nepecisi MC 3 cepeposuwa, sike mictuno B-27,
CrnocTepiraeTbCsl 3Ha4YHe 3pocTaHHs ibpobnacTononidHux KniTuH, Toai sk Npu nepecisi MC 3 cepepoBuLla,
sike Mictuno HeripoMakc, 6ynu npucyTHi B ocHoBHOMY MI™ Ta HepoHonoAibHi KniTuHK.

KnrouoBi cnoBa: Kynbmypa KimuH criHanbHUX 2aHenile, HeoHamarsbHi nopocsima, MaHmilHi anioyumu,
MyIbMUKIIMUHHI cgbepoiou, HelipoHU.

Influence of nutrient medium composition on the morphological

characteristics of culture of dorsal root ganglion cells of neonatal piglets
S.G.Ali, 0.S.Sidorenko, G.A.Bozhok

Dorsal root ganglion (DRG) is a potential source of neural stem cells because it contains neural crest derived
cells that are capable to differentiate into neurons and glial cells. Cell cultures obtained from animals that are
close to humans by physiological characteristics can be regarded as an adequate modern model for in vitro
studies. In this respect, DRG cell culture obtained from the domestic pig (Sus scrofa domesticus) is a
convenient model. The aim of the work was to obtain a primary cell culture of DRG of neonatal piglets and to
study its morphological and proliferative properties depending on culture medium composition. The
composition of the media prepared on the basis of a-MEM varied depending on the presence of fetal calf
serum (FCS) or its modern supplements B-27 and NeuroMax. It is established that morphological differences
of primary DRG cell cultures of neonatal pigs depend on the composition of the nutrient medium. When
cultured in the presence of 10% FCS, the formation of monolayer which includes satellite glial cells (SGC) and
fibroblast-like cells was observed. Small colonies of neurons producing long processes were on the
monolayer. When cultured in the presence of NeuroMax and B-27 supplements, the bulk of the cells is not
attached, but organized into floating multicellular spheroids (MS). With the passage of culture obtained in the
presence of 10% FCS, rapid attachment and proliferation of cells was observed. When MS obtained in the
presence of NeuroMax and B-27 were transferred to the medium with 10% FCS, the attachment of MS to the
substrate and cell migration were observed. The cells retain the ability to actively proliferate, because the
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monolayer achieves confluence by 5-7 days of subculture. Regardless of the composition of the primary
culture medium, there were 3 morphologically different types of cells in the subcultures: SGC, neuron-like and
fibroblast-like cells. The type of cells prevailing in the subculture depends on the composition of the nutrient
medium. When MS is transferred from a B-27-containing medium, a significant growth of fibroblast-like cells is
observed, whereas when MS is transferred from NeuroMax-containing medium MG and neuron-like cells were
abundant.

Key words: culture of dorsal root ganglion cells, neonatal pigs, satellite glial cells, multicellular spheroids,
neurons.

BnusiHne cocTaBa nuTaTenbHOM cpeabl Ha Mopdonornyeckue
XapaKTePUCTUKN KYNbTYpPbl KNEeTOK CNMHANbHbIX FaHrMneB HeoHaTanbHbIX

nopocsT
C.l.Anun, O.C.CupopeHko, . A.Boxok

CnuHanbHble radmun (CIN) aBnaloTca NOTEHUManbHbIM  UCTOMHUKOM  HerparnbHbIX CTBOMOBbLIX KMETOK,
NOCKOSbKY coaepXaT KNeTKn-npon3BoAHbIE HEPBHOTO rpebHs, cnocobHble kK AnddepeHUPOBKe B HEMPOHbLI U
rmuanbHble KNeTkn. AOEeKBaTHOM COBPEMEHHOW MOAENbi ANs WUCCNEeAOoBaHWW in Vitro MOXHO cuuTaTb
KynbTypbl KNETOK, MNOMYYEHHbIE OT XMBOTHbIX, BMIM3KNX MO PM3NOMNOTMHECKUM XapaKTepUCTMKam K YerioBeky.
B 3TOM OTHOLWEHUN YAOBHBIM MOAENbHLIM OB BLEKTOM SABMAIOTCS KyNbTYpPbl KETOK, NonyYeHHble n3 CI cBUMHbM
pomMalHen (Sus scrofa domesticus). Llenbto paboTbl 6610 nonyvyeHve NepBUYHON KynbTypbl kneTok u3 CI
HeoHaTalbHbIX NOPOCAT N U3yyeHne ee mopdonornyeckmx 1 nponmdepaTMBHbIX CBOMCTB B 3aBUCMMOCTU OT
cocTtaBa cpedbl KynbTuBupoBaHusa. CocTaB cped, NMpUroToBrieHHbIX Ha ocHoBe o-MEM, BapbupoBancs B
3aBUMCUMOCTM OT Hanunuuns getanbHon Tensybern cbiBopoTkn (PTC) nnm ee coBpeMeHHbIX 3ameHuTenen B-27
n HemnpoMakc. YctaHoBneHbl Mopdorornyeckne pasnuums nepBuYHbIX KynbTyp kreTok CIT HeoHaTanbHbIX
NopocHAT B 3aBMCMMOCTM OT COCTaBa nuTatensHou cpedbl. Mpu kynstuBmposanun B npucytcteum 10% ®TC
HabnogaeTca npukpenneHne Knetok M ¢opMMpoBaHME MOHOCMOA M3 MaHTURHBLIX rmuoumTtoB (MIM) wn
nbpobnactonogobHblX  knetok. Ha MoHOCnoe npuCyTCTBYIOT  HebombluMe  KOMOHWM  HEWpPOHOB,
NPoOayUMPYOLWNX OfVHHBbIE OTPOCTKU. Mpn KynbTuBMpOBaHMM B npucytctBun HenpoMakc n B-27 ocHoBHas
Macca KrneToK He MpUKpennseTcs, a OpraHn3oBbiBaeTCA BO (MOTUpYyOLMe MyNbTUKNEeTOYHble cdeponabl
(MC). Tlpu nepeceBe KynbTypbl, nonyyeHHon B npucytcTBum 10% OPTC, Habnogaetca ObicTpoe
npukpennexHue n nponudepauns knetok. MNMpu nepecese MC, nonyyeHHbIX B npucytcTBum HetpoMakce n B-27,
B cpegy ¢ 10% PTC HabniogaeTtca npukpenneHne MC K NOAMOXKE U MUrpaumst M3 HWUX KneTok. [aHHble
KINeTKM COXPaHAT CMOCOBHOCTb K akTMBHOM nponudepaummn, NOCKOmNbKy K 5—7 cyTkam CybKynbTMBMPOBaHUA
MOHOCIOWN JoCTUraeT KOHMIMIEHTHOCTU. HesaBucnumo OT coctaBa cpefbl NEPBUYHOIO KyrnbTUBMPOBAHUS BO
BCeX CybKynbTypax mopdponornyecks pasnuyarotca 3 Tuna  knetok: M,  HenpoHonogobHble 1
dunbpobnactonogobHble kneTkn. Twun KNeTok, npeBanupylowni B CyOKynbType, 3aBUCWUT OT cocTasa
nutatenoHol cpedbl. MNpn nepeceBe MC un3 B-27-cogepallent cpeabl HabnogaeTcss 3Ha4YMTENbHbIA POCT
dubpobnacrtonogobHbix kneTok, Torga kak npu nepeceee MC un3 HenpoMakc-cogepxallelnt cpeabl B
OCHOBHOM npucyTcTBoBany MI™ n HeipoHONOAO6HbIE KNETKM.

KnioueBble cnoBa: Kysibmypa KAemoK CriuHalbHbIX 2aHa/iues, HeoHamarsbHble nopocsima, MaHmulHbie
2ruoyumsi, MyfibMUKIemoyYHble cghepoudbl, HEUPOHbI.

BBeaeHue

CnuHanbHble raHrnum (CIN) aBnsoTca noTeHuuarnbHblM MCTOYHUKOM HenpanbHbIX CTBOMOBbIX
KNeToK, MOCKOSbKY ObINO NMoka3aHo, YTO OHW COAEepXKaT KIeTKM-Mpon3BoaHble HepBHOro rpedHs (KMHI),
KoTopble cnocobHbl AnddepeHUMpoBaTLCA B HEVNPOHbLI U pasnuyHble Cybnonynauum rnManbHbIX KNeTok
(Ciaroni et al., 2000; Lagares et al., 2007; Li et al., 2007; Singh et al., 2009). 3kcnepumeHTbl
nokasblBalT, 4YTO HemporeHe3d B CI noggepXvMBaeTcsl Ha MPOTSKEHWM BCEW KM3HW 3a CYET 3TOM
nonynAuumM NOKOSALLMXCHA CTBOMNOBbLIX/MPOreHnTopHbIX KreTok (Farel, 2003).

OTpenbHbI MHTEpPEC MpeacTaBnsioT cobon MaHTuiHble rmuounTbl (MID), B aHrmos3blYHON
nutepatype m3BecTHble Kak «satellite glial cellsy». OHM npepctaBnalT cobor cneunanm3MpoBaHHbIE
KNEeTKW, OKpYXXarloLme HEeNpOHbl B FaHMuUAX nepudepuyeckon HepBHOW cuctembl. Cuntaetcs, yto MI
y4acTBYIOT B perynsiium XUMUYECKOrOo MMUKPOOKPYXKEHUS HENPOHOB, OCYLLECTBASIOT CTPYKTYPHYIO WU
Tpoomyeckyto nogaepXKy HEMpOHOB, BLIAENSOT MMUOTPaAHCMUTTEPLI M obnervaloT nepegadvy curHana
(Hanani, 2005, 2010; Gu et al.,, 2010). YctaHoBneHa BaxHas ponb MI B natoreHese HeKOTOPbIX
HEBPONOrMYEeCcKMX pPacCTponCcTB W, OCOBEHHO, B COCTOSIHUSIX, COMPOBOXAANLUMXCA XPOHUYECKUM
fonesbiM cuHgpomom (Capuano et al., 2009; Hanani, 2012; Warwick, Hanani, 2013).

BicHuk XapkiBCcbKoro HauioHanbHoro yHiBepcutety iMmeHi B. H. KapasiHa
The Journal of V. N. Karazin Kharkiv National University
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TexHonorun KynbTUBMPOBaHUSA, paspaboTaHHble 3a npollefline rogpl, NO3BOMUAN MOMNYYUTb
HeCKOmMbKO TUMOB KynbTyp u3 CI: oboralleHHble HermpoHamu, MIT nnu LIBaHHOBCKMMM KNeTKamu, a Takke
KynbTypbl, cogepxawue cteonosble KIMHIM (Backstrom et al., 2000; Svennigsen et al., 2004; Li et al.,
2007; de Luca et al., 2015; Tongtako et al., 2017).

Hy>xHO OTMETUTb, YTO OCHOBHOM Nyn paboT Mo KynbTuBMpoBaHWio MI U U3yyeHuo BRUSHUS
pasnu4YHbIX (PU3MKO-XMMUYECKUX K dbapMakorormyeckmx daktopoB nposeaeH Ha CI, nonydeHHbIX OT
KpbIC nnn Mblwen. OgHako Npu nHTepnpeTaummn Takoro pofa AaHHbIX U NOMbITKE NepeHoca ux B obnactb
NPaKkTUY4eCKONn MeauuMHbl Unu  PapmMakonorMm HyXHO Y4uTbliBaTb 3HAYUTENbHbIE 3BONIOLMOHHbIE
pasnuuns, Habnogaemble Mexay opraHnamamy nabopaTtopHbIX FPbIZYHOB U YeroBeka. B ¢BA3n ¢ atum
cyllecTByeT 3adaya no nonydeHuio KynbTypbl kneTtok MIT oT Buaa XMBOTHbIX, KOTOPLIA ABRsieTcs 6onee
BrIM3KMM NO PU3NOMNOrMHECKUM XapakTEPUCTUKAM K YETOBEKY.

B atom oTHOWweHun yaoGHbIM MOAEernbHbIM OOBEKTOM SIBNSETCA CBMHbA AomallHasa (Sus scrofa
domesticus) u3-3a U3MONOIMYECKOr0 CXOACTBA C YENoBEKOM, a TaKkKe Hannyus reHOMHbIX,
TPAHCKPUNTOMHBIX M MPOTEOMHBbIX MHCTPYMEHTOB aHanusa, yxe pa3paboTaHHbIX Ans AaHHOro BuAa.
Kpome TOro, B Hactosillee BpeMs CyLIeCTBYeT LUMPOKUA CMeKTP MMHENHbIX M TpaHCreHHbIX MopoA
CBMHEW, 4TO AenaeT yaoOHbIM MX NpMMEHeHWe B KadecTBe BuomeauumHckmx mogenen (Bassols et al.,
2014). OgHako Ao cux nop He Bblfo NPEANPUHATO NOMbITKA MONYYEeHUs NEPBUYHON KyNbTypbl KIETOK 13
CrI' cBMHBU N XapaKTepUCTMKN ee MOpdodYHKLNOHANbHbLIX CBONCTB.

Llenb paboTbl — NONy4nTb NEPBUYHYIO KyNbTYPY KNETOK U3 CMMHAMbHbLIX FaHrMeB HeOHaTarnbHbIX
MOPOCAT W W3YyYUTb BMAMSIHME COCTaBa nNWUTaTenbHOW cpedbl Ha ee  Mopdonoruyeckme u
nponudepaTnBHbIE XapaKTEPUCTUKN.

MaTtepuanbi u MeToAbl UCCNeaoBaHUsA

Ona nonyyeHnss cycneHsun knetok wucnone3oBanu CIT nopocat Bospacta PO-P1. [llocne
nserneveHuns CI nomelwanu B oxnaxageHHyto cpeay a-MEM (Buonot, Poccuns), cogepxawyto 100 mMkr/mn
reHtamuuuHa (HIMM «Man3ko», Poccuda), 100 mkr/mn uedoTtakcuma (buocmHTes, Poccus), 2,5 Mkr/mn
amdoTepuumHa B (Biowest, ®paHumsa). CI' nogseprann gepMeHTaTMBHOW Ae3arperaumvm B cpege o-
MEM, cogepxawewn 1,25 mr/mn konnareHassl Tuna |A (HIM «MaH3ko») ¢ nocnegyowen obpaboTkomn
0,25% pactBopom TpuncuHa-OOTA c conammu XeHkca (HIMM «Man3ko») no meTtony de Luca u coasT. (de
Luca et al., 2015). Nony4eHHy0 CyCneH3uto KNeToK homnbTpoBanm Yepes HENMOHOBOE CUTO C AMaMETPOM
nop 125 mMkM anda ypaneHusi knetodyHoro pgebpuca. COXpaHHOCTb MOMYYEHHbIX KIETOK, KOTOPYH
KOHTpONMpoBanu ¢ nNomoLlbto okpawmsaHusa 0,4% pacTBOPOM TPUNAHOBOrO CUHEro, BO BCEX OMbITax
coctasnsana 80+10 %.

KneTku BbiceBanu B koHUeHTpauuy 5x10° kn/mMn 1 KyNbTUBMPOBAaNM B NAacTUKOBbIX Yalukax MeTpu
C NOBEPXHOCTbIO, 0b6paboTaHHon nonu-D-nusnHom (Orange Scientific, Benbrusa) npu 37°C B atmocdepe
¢ 5% CO:a.

B paboTe Obiny ncnonb3oBaHbl Cpefbl CreayoLero cocTaBa:

Cpepa 1 — a-MEM, 10% deTtanbHOn Tensuben coiBopoTkn (PTC, BioSera, dpaHumsa), no 100
MKI/MI reHTamuuuHa/uedoTtakcmuma, 2,5 mkr/mn amdoTtepuumnHa B;

Cpegpa 2 - o-MEM, 2% B-27 (Thermo Fisher Scientific, CLWA), no 100 wmxkr/mn
reHTamuumnHa/uedoTtakcuma, 2,5 Mkr/mn amgotepuumHa B;

Cpega 3 — a-MEM, 2% HenpoMakc (HII «Man3ko»), no 100 mkr/mMn reHTamunumHa/uedoTakcmma,
2,5 mkr/mn amcoTtepuumHa B.

[na cyGKynbTUBMPOBAHWS KITETKN NEPBUYHOA MOHOCITOMHOW KyIbTypbl OTKPEMNMANN OT MOLAMOXKKM
0,25% pacteopom TpuncuHa-OTA ¢ conamu XeHkca (HIMM «MaH3ko»).

dnoTupyowme MynbTUKneTouHble ceponabl (MC), nonyyeHHbIe Npu KynbTUBUPOBAHMU B cpegax
2 n 3, Ha 5-e cyTkn nepeHocunu B 24-nyHouHble nnaHweTbl (SPL LifeSciences, Kopes) n npogomxkanu
KynbTnBmposatb B cpeae 1 B TedeHuve 10 cyTok. 3ameHy cpefbl (UNu NONOBMHBLI Cpedbl B Chnyyae
KyneTusmpoBaHus MC) ocywiecTBnanu kaxasle 3—4 cyTok.

Ona mopcdonornyeckoro n MOpOMETPUHECKOro aHanm3a KrneTouHbI MOHOCMNOW huKcupoBanu B
4% napadopmanbgernge (Sigma, CLUA) B TeyeHne 15 muHyT, 3aTeM oTMbiBanu ¢ocdaTHO-CONeBbIM
OydepHbim pactBopom (PBS, pH=7,4, Biowest) n okpawwvBanM remaTtoOKCUIIMHOM W 303UHOM MO
CTaHOapTHOW MEeToAVKe.

Cepisn «Bbionorisi», Bun. 30, 2018p.
Series “Biology”, issue 30, 2018
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MukpodOoTOCEEMKY OCYLLECTBNSAN C MOMOLLLIO MHBEPTUPOBAHHOTO MUKpockona Buomen-4U
(Poccus) ¢ Bugeookynapom ToupCam 9 Mnkc (Kutai). MopdomeTpudeckuii aHanua npoBoaunu no
MUKpodoTorpadusim ¢ ncnonb3oBaHvem nporpammel ToupView 3.7 (Kutan).

KonunuecTBeHHble [aHHble 3SKCMNEPMMEHTOB MNPEACTaBlieHbl B BWAE CPEOHEro 3HaveHusa =+
CTaHOapTHOe OTKMOoHeHue. CTaTUCTUYECKUA aHanM3 AaHHbIX OCYLLECTBAANM C MOMOLLbIO CTaHAAPTHbIX
nakeToB KOMMbOTEPHLIX nNporpamm Excel n Past. Bug pacnpegeneHvs onpegenanu ¢ nomowbio W-
kKputepus LLanvpo-Yunka, OOCTOBEPHOCTb pasnMyuini mexgy rpynnaMmyM AaHHbIX paccyvTbiBanu C
ucnonb3oBaHNEM napameTpudeckoro t-kputepuss CTbiogeHTa (ans  rpynn € HOpMarbHbIM
pacnpegeneHveM [AaHHbiX) W HenapameTpudeckoro kputepusa Kpackena-Yonnuca (gns rpynn ¢
HeHopManbHbIM pacnpefeneHmemM AaHHbiX). PacxoxgeHuve cumtanu CTaTUCTUYECKM 3HAYMMbIM, €Cnm
p<0,05.

PesynbTtathbl

B paboTtax npeabiaylimx aBToOpoB OblNO YCTAaHOBMEHO, YTO MCMOMb30BaHWe MuTaTenbHbIX CPe,
oboraleHHbIX CbIBOPOTKOW, ABMASIETCA HEOOXOAMMbIM YCIIOBMEM ANS OONTOCPOYHOrO NOoAdepXaHus w
nponudepauun MI™ B KynbType in vitro (Hayden, Seeds, 1996; Belzer et al., 2010; Tongtako et al., 2017),
Torga Kak ans oboraweHus KynbTypbl HEMPOHaMM HEOOXOAMMO MCNOMNb30BaHNE CreLmanbHbIX POCTOBbIX
pob6aeok mn cpen (Neurobasal medium, N2, cdaktop pocta HepBoB, daktop pocta dumbpobnacTos,
anugepmarnbHbii dhaktop pocTa). B Hawewn paboTte Gbin caenaH BbIGop B NONb3y MOMYyYEHUS KynbTypbl,
oborawieHHon MI, nostomy OAHOM M3 cpen, B KOTOPOW MPOM3BOAUNN KyNbTUBMPOBaHME, Obina
nutateneHasa cpena ¢ 10% PTC (cpema 1).

OTC npegcrasnset cobon Hanbonee nonynspHyto JobaBKy K cpeae KynbTUBUPOBAHMUS, MOCKOMNbKY
COOEPXKUT KM3HEHHO BaXHble nNuTaTenbHble BellecTBa, Oenku-nepeHocUYMkn U akTopbl pocTa,
HeoOXoOMMble ANS nogdepXaHus KINeTok mrekonutalowmx in vitro. OgHako 60nblUMM MUMHYCOM Npu
MCMONb30BaHMN [A@HHOIO KOMMOHEHTa MuTaTenbHOW cpedbl SABMSeTCA He4OCTUXKMMOCTb OAWHAKOBOrO
COCTaBa CbIBOPOTOK pasHbIX MapTui, PUCK MUKPOOHOW KOHTaMMHALUKN M BO3MOXHAs LIMTOTOKCUYHOCTD,
NnoaToMy B MOCMegHee BpeMsi MOsiBUNAch TEHAEHUMs K MCNOMb30BaHUIO 3aMEHUTENEN CbIBOPOTKM,
Hanpumep, Taknx kak B-27 n HenpoMakc. B cBA3M ¢ aTum B Hawlel paboTte npu KyNbTMBMPOBAHUN KIETOK
CrI' HeoHaTanbHbLIX NOPOCAT Hamu GbINM Ncnonb3oBaHbl cpedbl ¢ 3ameHuTenamm PTC (cpenbl 2 n 3).

Ha puc. 1 npeacraBneHbl MuKkpodooTorpadum, nossosnswoLme oxapakTtepusoBaTtb
mMopdonornyeckne 0cobeHHOCTM KynbTyp kneTok CI, momyyYeHHbIX B NuTaTernbHbIX CPedax pasHoro
cocTasa.

Tak, npu KynbTMBMpOBaHMU krneTok B npucytctBum 10% PTC, kneTkm npuKkpennanucb K
NMOBEPXHOCTU B TEYEHNE NEPBbLIX CYTOK. B 3TO Bpems B KynbType MOXHO HabnioaaTb CBETIbIE KPYMHble
KneTkn, npeacTtaensolwimMe cobor Tena 4YyBCTBUTENbHbIX HEMPOHOB, OKPYXXEHHble rpynnamu MerKux
okpyrneix MIC (puc. 1, A). Ha 3 cyTkun mopdonormyeckue 0cOGEHHOCTM MOMYYEHHOW KynbTypbl KNeTok
M3MeHsnnCb. BOKpyr CcKOMMeHun, COCTOSWMX W3 Ten YyBCTBUTENbHbIX HEWPOHOB, Habnioganochb
pacceneHve n nponudepaums 2 TUMOB KINETOK: MOMWUIoHarbHbIX KNETOK C KPYMHbIMW YMIOLWEHHBbIMU
OTPOCTKaMN M BEPETEHOBUAHbLIX KMETOK C ABYMS TOHKMMW OTPOCTKamu, KOoTopble B paboTax Apyrux
aBTOpPOB ObINM MaeHTUdUUMpoBaHsl kak MI™ (puc 1, B).

K 5 cytkam obGpa3soBbiBaricd MOHOCIION, NpenmyLecTBeHHO coctoswmnn m3 M. Kpome Toro, B
KynbType Habnioganmcb KpynHble pacnnactaHHble ombpobnacTonogobHble KneTkn. B HEKOTOpbIX MecTax
COXpaHANUCb Knactepbl HEMPOHOB, (HOPMUPOBABLUMX AfNMHHbIE paguanbHble Tsku (puc. 1, B). Ha 15
CYTKU KyNbTUBMPOBAHWS 3aMETHO, YTO KpYMHble OAWHOYHLIE HEMPOHbI W KMEeTOYHble KnacTepbl
pacnonaratoTcs Ha Noanoxke, 06pasoBaHHON PaspoOCLUMMUCH B HecKorbko cnoes MIT u cnopagmyecku
pacnonoxeHHbiMn dmnbpobnactonogobHeiMm knetkamu (puc. 1, ). Hawwm pesynbtaThl coBnagawT C
OaHHbIMW  OpYyrMxX aBTOpPOB, KOTOpble Habnwoganu nogobHylo MOpPGOMNOrMYEcKylo KapTUHY Mpu
KyNbTUBMPOBaHUM B NUTaTENbHON cpefe ¢ fobaBneHnem cbiBopoTkM knetok CIT cobak (Tongtako et al.,
2017), kypvHbix (Mudge, 1981) n mbiwmHbIX (Backstrém et al., 2000) aMGp1OHOB, raHIMMEB TPOVNHUYHOIO
HepBa B3pocnbix kpbic (Poulsen et al., 2014) n mbiwen (Belzer et al., 2010).
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Puc. 1. MepBuyHaa KynbTypa knetok CI HeoHaTanbHbLIX MOPOCAT, NOJlyYeHHasi npu
KynbTuBupoBaHuu B cpege 1 (10% PTC): A — 1-e CyTKM (ONMHHbIE CTPENKM — Tena YyBCTBUTENbHbIX
HEMPOHOB, OAMHOYHblE WM cobpaHHble B KnacTepbl, KopoTkas cTpenka — MI, okpyxatowme
YyBCTBUTENbHbIE HENPOHbI), 06. 20, ok. 10; B — 3-1 cyTkK (3B€3004YKN — TENa YyBCTBUTENbHbLIX HENPOHOB,
ONWHHasA CTpenka — MonuroHanbHas KrneTka, KopoTkas CTpernka — BepeTeHOBMAHAasA KrneTka C ABYMS
TOHKMMM oTpocTkamu), B — 5-e cyTku, 06. 10, ok. 10; I — 15-e cyTkn, 06. 10, ok. 10

Mpu ucnonb3oBaHuM cpeg 2 U 3 Ha 1-e CyTKM B KynbType Habnwoganuchb KpynHble Kpyrnble
KNeTkn — Tera 4YyBCTBUTENbHbIX HEMpoHoB (puc. 2, A). Ha 3-u cyTkM B KynbType Habnioganuch
dnoTupylome arperatbl, MPEUMYLLECTBEHHO COCTOSILLME M3 HEDOMbLUIOrO KONMMYEeCTBa KIeTOoK, a Takke
OOVHOYHbIE KNETKM U KNeToyHbln gebpuc. Ha 5-7-e cytkm B 00eux cpejax (popMMpoBanuchb
drotupytowme MC, 6onee TEMHbIE B LIEHTPE U C OKPYTIIbIMU KPYMHBIMU U MESNIKMMU KITETKaMK MO KpasMm.
(pnc. 2, B). K 15-m cyTtkam KynbtuBupoBaHus MC yBenuvumBanmcb B pasmMepax, YMIOTHAMNUCD,
npuobpeTtann poBHble o4yepTaHus (puc. 2, B). Hekotopble MC mmenn TEHOEHUMIO K CIIUSHUIO MeXay
cobol.
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Puc. 2. MepBuyHasa kynbTypa knetok CI HeoHaTanbHbIX MOPOCAT, MOJNlyYeHHas npu
KynbTMBUMpPOBaHUM B cpeaax 2 u 3 (B-27 n Henpomakc): A — 1-e cytku; b — 5-e cyTtkn; B — 15-e cyTkn,
' — 25-e cyTtkun. O6. 10, ok. 10

Ha 21-25-e cyTkum kynbTuBmMpoBaHusa konudectBo MC ymeHbwanocb (puc. 2, ). B kynbType
npuCyTCTBOBaNM HebonbLUMe KNeToYHble arperatbl, HenpUKpPenneHHbIe OANHOYHBIE KNETKN U KNEeTOYHBbIN
aebpuc. [lereHepauuns KynbTypbl yKkasbiBana Ha HexBaTKy pOCTOBbIX hakTOpoB, HEOOX0AMMbIX AN pocTa
1 nogaepKaHnsa B KynbType yxe ccdopmuposasLumxcs MC.

Ha puc. 3 npeacraBneHbl AaHHble, CBMAETENLCTBYOWME 006 M3MEHEHUN pa3mepa M KonvyecTsa
MC, obpa3zoBaHHbIX B pe3ynbTaTe KyNnbTMBMPOBaHUSA B cpedax 2 n 3. 3Ha4yumoe yBenuyeHne pasmepa
MC npoucxoaut k 25 cyTkam KynbTuMBMpoBaHus B obeunx cpepax (Puc. 3, A). OgHako 3T uaMeHeHus
Dornee BbipaxeHbl NPpU KyrNbTUBMPOBaHUM B cpefe 3, MOCKONbKY MakcuMmanbHbin guametp MC Ha cpege 3
Obin 243143 mkm no cpaBHeHuio ¢ 134118 mkm Ha cpege 2.

B 10 e Bpems, B mpouecce KyfnbTMBMPOBAHWSA KONMMYECTBO CAHEPOVMAOB HAYMHAET NOCTENEeHHO
cHmxkaTbesa (puc. 3, B). B TepmuHanbHblie cpokn KynbTuBmMpoBaHus (25 cytku) konnyectso MC 3Haunmo
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MEHbLLIE MO CPABHEHUIO C 5-MU CyTKaMn. STO OOMNOMNHUTENBHO yKasblBaeT Ha TO, YTO B cpedax 2 U 3 He
co3faeTcsl A0CTaTOYHbIX YCMOBUIM Anis onrocpoyHoro nogaepxaHua MC.
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Puc. 3. U3ameHeHne aunameTtpa (A) n konuvectBa (B) MC, koTopble KynbTuBMpOBanuchb B
TeyeHue 25 cyTok Ha cpeaax 2 m 3
* pasnu4usi docmoeepHskI 1o CpasHEHU 8 5-Mu cymkamu KyrnbmuguposaHus (p<0,05)

Mpw nepecese KynbTypbl kneTok CI, nony4yeHHbIx Ha cpege 1 (cogepxawent 10% PTC), kpynHble
Tena HEMPOHOB MCYe3aloT, NPU 3TOM KyrbTypa cTaHoBUTCA ©onee ogHopogHou (puc. 4). OcHoBHas ee
YyacTb npeactaBneHa MIT. Koe-rge coxpaHsoTCs NpUKPENneHHbIe KnacTepbl KNEToK, OT KOTOPbIX OTX0AAT
ONMHHbBIE TSXKN.

Mpu nepecese MC, cdopmmpoBaHHbIX B cpegax 2 u 3 (B-27 n HenpoMakc), B cpeay 1 (10% dTC)
Habnaanocb MX NpUKpenneHMe K NoBEPXHOCTU KyrbTypanbHOW Nocyabl B T€YeHMe NnepBbiX CyTOK. M3
MC Bbicenanuce KneTku, KoTopble O6bICTpo nponudepupoBand W 3anofHANU MpakTUYEeCcKkn BCHO
noesepxHocTb k 10-m cyTkam. MNpu nepeceBe MC, cchopMmpoBaHHbIX B 06enx cpefax, BbIsIBNEHbI KIETKM
Tpex MOopMOnorMyecknx TUMOB: KpynHble ¢urbpobnacronogobHuie (PB) kneTku, HepoHONogoOHbIE
KNeTkm ¢ nupamuganbHblM TENoM U OfIMHHBIMW - BETBALWMMUCHA OTpocTKamn, a Takke MI —
BEPETEHOBUAHbIE MESKME TEMHbIE KIETKM C ABYMS TOHKMMM oTpocTkamu (puc. 5). OTpocTyaTtble KneTku
obpa3oBbiBanM ceTb, KOTOpas 4YacTUYHO pacnonaranacb Ha nognoxke n3z ®b knetok. lNMNogcyeTt kneTok
nokasarn, 4to npu nepecese MC u3 cpefbl 2 HEMPOHOMNOAOOHbIE KNETKN cocTaBnsaT okono 15%, MIM —
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27%, a ®b knetkn — 58%, a npu nepeceBe MC n3 cpegpbl 3 b KNeToK ObINO 3HAYMTENBHO MEHbLUE, a
HepoHonoaobHble kneTku n MIT npucyTcTBOBany B OOMHAKOBOM KONMYECTBE U cocTaBnsnm okono 90%
BCEX KIETOK.
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Puc. 4. KynbTtypa knetok CI' HeoHaTasnbHbIX MOPOCAT, NOSTy4YeHHasi NPy KyNbTUBUPOBaHUN B
npucytctBum 10% PTC, Ha 3-u cyTkn nocne nepecena. O6. 10, ok. 10

O6cyxneHue

CI cogepxaT Tena addepeHTHbIX (Y4yBCTBUTENbHbLIX) HENPOHOB, MepedalrLnx CEHCOPHYIo
WHopmaumio ¢ nepudepnn B LEHTpanbHY0 HepBHYO cuctemy. Mopdonorndeckn B CIT pasnunyatoTtcs
[Ba TUMna CEHCOPHbIX HEMPOHOB: Bonblune cBeTnble U Manble TemHble (Lawson, 1992). Tena HelipoHOB
OoKpyXeHbl MIT, KoTOpble ABNAOTCA NPEACTaBUTENAMMU MMUKN Nepudepnyeckon HEPBHON CUCTEMBI, Kak n
LUBAHHOBCKME KIEeTKM, cosfalolme MuenuHusaumio akcoHoB. CIT OKpyXeHbl cOoeQUHUTENbHOTKaHHOM
Kancyrnow, Mexay HepBHbIMM BOJIOKHAMM TakKkKe HaxOoAsTCA MNPOCIOMKU COEeOUHUTENbHOTKaHHbIX
KOMMOHEHTOB (9HOOHEPBUSI) C MPOXOAALMMW MO HUM KPOBEHOCHbIMM cocydaMu. Takum o6pasom,
nepBuyHasl KynbTypa KrneTok, nonydeHHas u3 CI, mMoxeT cogepxaTb pasHble TuMbl KNeTok (Tena
HerpoHoB, PnbpobnacTsl, MuanbHble U AHAOoTENnanbHble KreTkn). Jonrocpo4yHoe BbbKMBaHUE TOro Uv
WHOTO TuMNa KIMEeTOK in Vitro 3aBMCUAT OT YCMOBWUA KyNbTUBMPOBAHWUA (COCTaBa NUTATENIbHOM cpepnpl,
crneunanbHOW NOAMOXKKMN, HAaNMYNsi POCTOBbIX (DaKTOPOB).

KynbTypbl kneTok n3 CIT akTMBHO u3y4vanucb, HauuHas ¢ cepeauHbl 20 Beka, U 4O CUX MOP OHU
aBnsTCa yaobHbiM 06bekToM, Brarogaps npoctote nonyveHns. OgHako B KynbType in Vitro B OCHOBHOM
uccrnegoBany YHKUMOHarbHbIE CBOWCTBA CEHCOPHbLIX HEVPOHOB, B TO BPEMS KaK rMuarbHble KeTKu
ocTaBanucb Ha nepudepun MHTEpeca LWUPOKOro Kpyra wuccriegoBaTtenein BANOTb A0 MNOCNEeAHEero
BPEMEHN.

YuuteiBas ponb MIT B pOopMUPOBaHUU CTPYKTYPHOrO U (PYHKLMOHANBHOIO MUKPOOKPYXEHUS
HerpoHa (MexaHn4yeckas u TpoduyecKkas NoOAAepKKa, perynaums coctaBa BHEKIIETOHYHOIO MPOCTPaHCTBA,
co3gaHne Oapbepa Mexay HempoHamum U (PEHECTPUPOBAHHBIMW  KPOBEHOCHBIMW  Kanumnsipamu,
nonyvyeHne u nepegada XUMUYECKMX CUrHamoB), OOMbLIMHCTBO wccnegoBaTtenen cooTHocat MI
nepugepmyeckorn HePBHON CUCTEMbI C acTPOLMTaMU LEeHTpanbHOM HEPBHOW cuctemsbl. Ho, HeCMOTps Ha
onpegerneHHoe cxoncteo, MIM nmetoT Habop COOCTBEHHbBIX YHUKANbHbLIX CBONCTB.

Hanpumep, 6bino ycraHoBneHo, 4to MIN kak npousBogHble HepBHoro rpebHsa (Le Douarin et al.,
1991) wmoryt pguddepeHUMpoBaTECS B LUBAHHOBCKME KNETKW, acTpouuTbl W ONUroAeHApOLUTHI
(Svennigsen et al., 2004). Kpome Toro, H.Y.Li n coasT. (Li et al., 2007) noka3anu, 4TO N3 3KCNNAHTATOB
CI" BbIcensalTCa NPOreHUTOPHbIE KNeTku, Mopdonormyeckn cxogHele ¢ MIT, KOTopble nNpu onpeaeneHHom
cTUMynaumn anddepeHUnpyroTcs B HEMPOHbI. B €BA3M ¢ aTuM aBTopbl npegnonoxunu, yto MM moryt
y4yacTBOBaTb B pereHepaTMBHOM HeEMporeHese rnpu noBpexaeHnsax nepndepmnyeckon HEpPBHOM CUCTEMBI.
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Puc. 5. KynbTypa knetok CI' HeoHaTanbHbIX NOPOCAT, NONy4YeHHasi MPU KyNbTUBUPOBaHMU B
cpepax 2 (A) n 3 (B), Ha 10-e cyTku KynbTUBMpPOBaHUSA nocrne nepeceBa Ha cpeay 1. Okpacka
reMaToKCUIIMHOM UM 303MHOM. 3Be3goyka — MOHocron w3 @PB  KNeTtok, TOHKME CTpenku —
HenpoHonoao6HbIe KNeTkK, ToncTtasa ctpenka — MIM. 06. 20, ok. 10

M3BeCTHO, YTO HE TOMbLKO NpW KyNbTUBMPOBAHUW, HO M B yCNoBuAX in vivo MIT o6nagatoT BbICOKUM
nponudgepatuBHbiM  MOTEHUManNoM. Hanpumep, nocne akcoOTOMUM  3HAUMTENBHO  BO3pacTaeT
cooTHoweHne MI/HeripoH (Hanani, 2005).

Kak npaBuno, kyneTypbl CIT nonyyanu ot ambproHarnbHbIX, HEOHaTarbHbIX UK B3POCHIbIX MbILIEN
N KPbIC, HEKOTOPLIX APYrMX BUOOB XMBOTHBIX (LbINfeHka, 06e3bsHbl, cobaku, Obika). B npeactaBneHHoM
paboTe Mbl BNepBble NOMy4YUnun nepBuyHyto KynbTypy u3 CIT HeoHaTanbHbIX MOPOCAT.

MN3BecTHO, 4yTOo MI CMOCOGHBI ObLICTPO paspacTaTtbCAd B YCIMOBMSAX MNOAAEPXAHUA KynbTypbl B
npucytctBun 10% OTC. CHwuxeHue koHueHTpaumm OTC po 1-2 % npuMBOAUT K TOPMOXEHMUIO
nponudepauun MI™ (de Luca et al., 2015). Pe3ynbtatel MOpdONOrM4eckoro aHanusaa, nosly4eHHble Hamm
Ha CI HeoHaTanbHbIX MOPOCAT, NOATBEPXAalT HabnogeHns, caenaHHble Ha KynbTypax knetok CIT ot
Opyrx B1aoB x1BOTHbIX. B cpege ¢ 10% ®TC (cpepa 1) Mbl Habnoganu aktusHeIi pocT MM B TeyeHune
14 cyTok. KOHNIOEHTHBIN MOHOCION hopMUpoBarncs yxxe Ha 3—5 CyTku, a B AanbHENLWEM KIETKM pOCIu
B HECKOMbKO CITOEB.

OpHako npu ucnonb3oBaHWM 3ameHuTenen cbiBopoTkn B-27 n HenpoMakc (cpeabl 2 u 3) B
KynbType He Habnioganocb akTMBHOM nponudepauun KneTok u (opMMpoBaHUS MOHOCNOSA. 3TO
O3Hauvano, 4To B NUTaTENbHbIX Cpedax OAaHHOro cocTaBa OTCYTCTBOBaNM KOMMOHEHThLI, HEOOXOAMMbIE
ONna cTUMynsumMmM npukpenneHdns u nponudepaumm M. NHTepecHo, 4To npu 3ToM Habnioganocb
dopmmpoBaHue MC, koTopble npu nepeceBe Ha cpedy ¢ 10% ®TC cnocobHbl ObiNM NpogyuMpoBaTh He
Tonbko MIT, HO 1 HenpoHonogoGHble U hmbpobnactonogobHble kneTkn. Mpu nepecese MC un3 cpeabl,
cogepxawen B-27, HabniogaeTca 3HaunTenbHbI pocT PB kneTok, Torga kak npu nepecese MC u3
cpenpbl, cogepxawen HenpoMakc, KynbTypa Obina npaktnyecku ounwieHa ot ®b knetok u cogepxana
NPENMyLLECTBEHHO HEMPOHOMOAOOHLIE KNeTkn u M.

B HekoTopbix npegbloywMx paboTax Takke Oblla Moka3aHa BO3MOXHOCTb 0OOpa3oBaHus
dnotupytowmx MC B kynbTypax CIT unu raHrmnusa TporiHu4HOro Hepsa (Lagares et al., 2007; Li et al.,
2007; Singh et al., 2009; Ogawa et al., 2017). OgHako Ana 3Toro B coctaB 6a3oBOV NUTaATENbLHOM cpeapl
BBOOUNN pa3nunyHble KOMOUHauMm pocToBbix aktopoB (EGF/FGF, LIF/BMP2/FGF2). B Hawen paboTte
MC obpasoBbiBanucb npu KynbTMBUpOBaHMM 6e3 crneumanbHbIX poCTOBbIX 000aBOK, YTO, BO3MOXHO,
CBUOETENLCTBYET 0 coxpaHHocTu cybnonynsaumm KIMNHI B CIM HeoHaTanbHbIX MOPOCAT.

Bo3amoxHo, 4TO Ansi obpasoBaHuss MC B kynbType CI HeoHaTanbHbIX MOPOCAT AOCTATOYHO
6asoBon cpegbl M otcytctBua PTC gna ymeHblUeHUs npukpennenHus u nponudpepauum MI un
dwmbpobnactoB (3ameHa Ha B-27 unu HewnpoMakc). OgHako TOT doakT, 4To B Hawewn pabote MC
aereHepvpoBanu K 25 cyTkam KyrnbTMBUPOBaHWsi, TOBOPUT O TOM, YTO Ha onpegenieHHoM 3atane Ans
nogaepxanuna n passutna MC Heob6xoamMmo BBOOMTL B COCTaB Cpeabl POCTOBble A06aBkM. OTOT BbIBOA
noaTBepxaarT gaHHble paboTel R.Ogawa n coaet. (Ogawa et al., 2017), B kKOTOpOW ObINO yCTaHOBINEHO
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yMeHbLUeHne guametpa MC npu KynbTMBMPOBAHMU B OTCYTCTBMM POCTOBbIX (DAKTOPOB U yBENWYEHUE —
npu KombuHauum caktopos LIF/BMP2/FGF2.

Takum obpasom, nepBuyHast Kynbtypa knetok CIT HeoHaTanbHbIX MOPOCST, BNEPBbLIE MOJTyYeHHas B
pesynbTaTe Hawemn paboTbl, ABMASAETCA NEPCNEKTUBHBIM UCTOYHUKOM HEPBHbIX KNETOK. B 3aBucumoctn ot
YCIOBWI ee nogaepxaHus (CbiBopoTkocodepalliasi unvm 6eccbiBOpOTOYHAst Cpedbl) BO3MOXHO Mosyvatb
KynbTypbl C MpeBanMpoBaHMEM ONpeaenieHHOoro Tuna KneTok (HenpoHos, MM 1 OB).

BbiBoabl

1. MNepBUYHbIE KyNbTypbl, MNOMy4YeHHble u3 knetok CI  HeoHaTanbHbIX MOPOCHAT, CUIbLHO
pasnuyalTcs MopdonorMdecku B 3aBUCMMOCTM OT Hanumumsa OTC B nutatensHow cpege. [lpu
KynetusmpoBaHun B npucytcteum 10% OTC HabniogaeTcs npuKpenneHve Knetok u gopmupoBaHune
MOHoOCIosl, cocTosiwero u3 MI, HelpoHonogoGHbIX U ¢dubpobnacTonogobHbIX  knetok. [lpu
KyNbTUBMPOBAHUM B MPUCYTCTBUM 3ameHnTenen cbiBopoTku HeripoMakc n B-27 ocHoBHasi Macca KneTok
He NpuKpennsieTcs, a opraHn3oBbiBaeTcs BO dnotupytowme MC.

2. Tpu nepeceBe Kak MOHOCMOMHOW KynbTypbl, Tak 1 MC B cpegy, cogepxawyto 10% PTC,
HabnogaeTca ObiCTpoe npukpennenne u nponudepaunst knetok. NMpyM 3TOM HE3aBMCMMO OT COCTaBa
cpenbl NEPBUYHONO KynbTUBUPOBAHMSA BO BCEX CyOKynbTypax Mopdponornyecku pasnudatorca 3 tuna
knetok — MIT, HenpoHonogoGHble n ubpobnacTonogobHble KNeTkU. Tun KNeTok, NMpeBanupyroLlwnin B
cybOKynbType, 3aBUCUT OT cocTaBa nutartesnbHon cpeabl. [pu nepecese MC n3 B-27-cogepallen cpefbl
HabnogaeTcs 3HaunTenbHbIM pocT OB kneTok, Toraa kak npu nepecese MC 13 HerpoMakc-conepkalien
cpeabl KynbTypa COCTOUT NpenmyLecTBeHHO 13 MI™ n HelipoHONoA06HbIX KNEeTOoK.

ABTOpLI BblpaxatoT 6narogapHoctb A.A.JlaBpuky n komnaHum OOO «HoBnCtem» 3a nomolb B
npoBeaeHNUN SKCNEPUMEHTOB.
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