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B pabote uzydeH xapakTep B3aUMHOTO BIMSHUSI MYJIBTUTIOTEHTHBIX ME3€HXUMHBIX CTPOMAJIBHBIX KJIETOK
(MMCK), BbienieHHBIX U3 BapToHOBa CTYIHS TyITIOYHOTO KaHATUKA YeJIoOBeKa, U MIEPBUYHON KYJIbTYPhI
KJIETOK TUIIIIoKaMIla TpaHCcreHHbIXx SXFAD Mbllieit — MoaenIn HacaeACTBeHHOU (popMbl 00ae3H1 AJbIl-
reiimepa (BA). Ins unenrupukaunm MMCK B “XumepHOit KyJabType” UCITOIb30BaId aHTUTENA K SIIEPHO-
MYy YeJIOBeUeCKOMY aHTUTEHY, TPUHAJIEKHOCTD KJIETOK K HEMpOHaM WJIM aCTPOLIMTaM OIpeAeIsiiiv Mo Ha-
JIMYWIO TTIO3UTUBHOM UMMYHOPEAKTUBHOCTU K MapKepHbIM 6esikam MAP2 u GFAP, cootBetcTBeHnHo. [1o-
KazaHo, YTO pe3yJbTaT B3auMOIEHCTBUSI 3aBUCUT KaK OT CIOco0a KyJbTUBMPOBAHMSI, TaK M OT BO3pacTa
KyabTyphl. [Ipn HenpsiMoM (OECKOHTAaKTHOM) KYJIbTUBUPOBAaHUM arpecCUBHAs cpella TPAHCTeHHOM KYJib-
TYpPBI BJIMsLIa Ha BBLKMBAeMOCTh 1 yxXyaliaia anre3uBHbie cBoictBa MMCK. IlpenBaputenbHast o6padoTka
9TUX KJIETOK cTpecc-6enkamu YB-1 u HSP70, o6ianarommMu HeliponpoTeKTOPHBIMU CBOMCTBAMMU, TTOBBI-
a0 pe3ucreHTHocTh MMCK. B Monomoii KyibType Ipu KOHTaKTHOM KyJbTuBupoBanuu MMCK wurpa-
0T POJib CIieUMUUIECKUX TSKei, CITOCOOCTBYIOIIMX TPYMNIIMPOBAHUIO KYJBTYPhl KJIETOK TUIITIOKaMIIa
TPaHCTEHHBIX MBIIIE 1 06pa3oBaHUIO Helipocdep. B cTapbix TpaHCTEHHBIX KYIbTYpax BHE 3aBUCUMOCTH
ot criocoba kyabtuBupoBanuss MMCK nuddepeHIMpoBaIuch B aCTPOLIMTHI, HO MPU IJIUTEILHOM MPsI-
MOM KynbTuBUpoBaHUM 4acTb MMCK craHOBUIaCh UMMYHOIIO3UTUBHOI K HEMpPOHAJIbHOMY MapKepy
MAP?2. B pabote nokazaHo, uyto B3aumogeiicteBue MMCK c kiieTkaMu KyJIbTypbl MOXET OCYIIIECTBIISIThCS
C yyacTHEM IIIeJeBbIX KOHTAKTOB, a TakxKe 0j1arogapsi popMupoBaHUIO HAaHOTPYOOK. [1oryueHHbIE pe3yib-
TaThl CBUAETEILCTBYIOT O HAJIMUMU CJIOKHBIX B3aMMOOTHOIIeHU noHopckux MMCK u KJj1leToK peuum-
€HTa, YTO HEOOXOIMMO IIJISI BHEAPEHUS KJIETOUHOM Tepanuy B IIPaKTUKY JIeueHUsI 00JIbHBIX BA.

KioueBbie cioBa: SXFAD, Me3eHXMMHBIE CTpOMa/IbHbBIE KJI€TKU, MepBUYHAsT HEMpOoHaJIbHAs KYJIbTypa,
KJIETOYHASI Tepamnusi
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BBEAEHWE

HecmoTpst Ha IMPOKOE NCMOIb30BaHUS KJIETOUHOM
Tepanuu B KapAMOJOTUM, MaTOJIOTUU Tepudepurye-
CKOIi HEpBHOI CUCTEMBbI 1 OHKOJIOTUU, €€ IPUMEHE-
HUe IS JleyeHUsl HelipoJereHepaTuBHbIX 3a00JeBa-
HU MOKa OTPaHUYEHO HOKIMHWUYECKUMU WCIThITA-
HusgMu. CIOXHOCTb TMpoOieMbl OOyCJIOBJIeHa Kak
CBOIICTBaMU CaMUX KJIETOK, BBIOMPAEMBIX JIJISI TPAHC-
TUTaHTallUU, TaK U crieuMpUuKO HeliponereHepaTuB-
Horo npoliecca. B pereHepaTuBHOI MeAUIIMHE B Ka-
YecTBe MEpPCIeKTUBHOTO CpeACcTBa Haubosiee 4acTo

paccMaTpuBalOT MYJIbTUIMOTEHTHBIE ME3€HXUMHBIE
crpomanbHbie kitetku (MMCK) [1, 2], omHako Mexa-
HU3MBbI UX TEPAIIEBTUYECKOTO JCiICTBUS OCTAIOTCS HE
JIO KOHIIA BBISICHEHHBIMU.

INepBoHayanbHO MOJIATAIU, UYTO 3(PPEKTUBHOCTD
MMCK cBsI3aHa CO CITOCOOHOCTHIO K HAITPaBJICHHOM
MUTpALIM B NATOJIOTMYECKUIA oUar v 3aMeHe IToruo-
IIMX ¥ BUAOU3MEHEHHBIX KJIETOK. B mocnenHee BpeMst
WX JIe4eOHBIN 3(PPEKT TaKKe CBI3BIBAIOT C MTapaKpUH-
HOM aKTUBHOCTBIO, YTO IIPOSIBJISIETCS B BbIICJICHUU
LIEJIOTO psiia OMOIOTrMYECKU AKTUBHBIX COEIUHEHUIA,
TaKMX KakK HelipoTpodudecknii (pakTop MIMaJIbHOTO
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npoucxoxneHuss (GDNF), NGF u BDNF, uro cno-
COOCTBYeT JIOKaJbHOMY IIOJaBJICHUIO MATOJOTUYe-
ckoro npouecca [3—5]. Tpancruantauuss MMCK xu-
BOTHBIM C MoaeJisiMu BA oka3pIBasia MOJIOXUTEIHLHOE
HeBpoJsiorndeckoe BoszaeiicTaue [6, 7]. MMCK cno-
COOHBI ycranBaTh UM @epeHIUPOBKY HEMPOHOB U
WHIYyLIUPOBaTh NMpojudepannio SHAOT€HHbIX HEPB-
HBIX KJICTOK-TIpeaIiecTBeHHUKOB [7]. HegaBHue uc-
caenoBaHus roka3any Hammure y MMCK cucteMHBIX
3(heKTOB, MPOSIBISIOIINXCS, B YACTHOCTU, B IIOI-
JIepXkaHuU roMeocta3a Moara [8, 9]. Takxke oHU MO-
I'YyT CIIOCOOCTBOBATh SHAOTEeHHOMY POCTY HEIIPUTOB,
BBI3BIBAIOT CMHAIITUYECKOe 00pa3oBaHME, CHIKAIOT
YPOBEHb CBOOOIHBIX PaJUKaIOB B TIOKATbHOM OKPY-
KEHUM, YMEHBIIIAIOT aIloITO3 1 PETyJIUPYIOT BOCIIa-
nenwne [10—12]. B orHomernn MM CK, BbIIeIe HHBIX
13 BapToHOBa CTyAHSI MyIIOYHOrO KaHaTHUKa YeJIOBe-
Ka, U3BECTHO, YTO OHM MOTYT PEryJIMpoBaTh CeKpe-
muio GDF-15, urpasoiiero Kio4eBylo pojib B UMMY-
HOCYIIPECCUY, HEUPOTIPOTEKLIMU U PETYJISILIUUA POCTA
KJIETOK, a TaKXKe YCUIMBATh CIIOCOOHOCTH MUKPO-
[TMATBHBIX KJI1eTOK K KiupeHcy AP [13]. MMCK Bbi-
JICJISTIOT B cpeny Kak CBOOOIHBIC OMOJIOTUYECKH aK-
TUBHBIE COCOIMHEHMWSI, TaK U BDKCTpaleJUIIOJISIpHbIC
BE3UKYJIbI, cOAepXKalllue pa3iuyHble IIMTOKUHBI, aH-
TMOTeHHBbIe (PaKTOphl U Jaxke MUTOXOHIpuu [2, 9],
KOTOPBIC ITONAaI0T B KJIETKM PELAIIMEHTA Yepe3 Me-
XaHU3M DHIOLMTO3a, Onarogaps oOpa3oBaHMIO Ha-
HokaHaioB oT MMCK K KkjeTkaMm pelunueHTHON
KyJAbTYpHI [ 14], a Takske 0Opa3ysl 11eeBbie U MEKKJIIe-
TOUHBIE KOHTAKThI KJIaccudecKkoro tura [15—17].

B Hammx paHHMX HMCCIeIOBaHMSIX TakKXkKe ObLI
OOHapyXeH TMO3UTUBHBIN 3(PPEKT TpaHCIIIIAHTAIINHA
deTabHBIX HEHPOHATBHBIX TporeHuTopoB 1 MMCK,
BBIACJICHHBIX M3 KOCTHOIoO Mos3ra winu BaproHoBa
CTyOHSI IIYyIIOYHOTO KaHaTWKa, Ha IMaMsITh OJb(hak-
TOPHO OYJILOIKTOMUPOBAHHBIX (OBD) XXUBOTHBIX —
Moneau criopagmdeckoii ¢popmel BA [18, 19], uto co-
mIacyeTcs ¢ MccaegoBaHUsSIMU, B KoTopbix MMCK
BOCCTaHaBJIMBAIOT KOTHUTUBHbIE CITOCOOHOCTH U Ma-
MaTh [20]. Ha npyrux XXKUBOTHBIX MoaelsiXx bA ObLIO
TMOKa3aHo, YTO TTO3NTHBHLIHN 3(pdpekT MM CK 006ycioB-
JIEH aKTUBaLME MUKPOIJIMMA U OYMCTKON MO3TOBOM
TKaHU OT ITaTOJOTMYECKMX aMWJIOMIHBIX OJISIIICK, a
TaKK€ CHIDKEHUEM aMWJIOMIOI€HHOTO IIPOLIECCUHTA
APP, cHIzkeHrEeM aroriTo3a HeMpOHOB U aKTUBAlIU-
eit Heiiporene3sa [21, 22]. IIpu atom MMCK oka3za-
JIUCh OTHOCHUTEJIBHO 0e30macHbIMU U 3¢ (DEKTUBHBI-
MU HEUPOIMPOTEKTOPaMU U MMMYHOMOIYJISITOpaAMU
[23-26].

Takum o6pazom, Tepanust Ha ocHoBe MM CK mo-
KET UMEeTh MHOTooOeIIalonIne repcneKTuBbl. OgHa-
KO BO M30eXaHue HeOJaronprsITHhIX MOOOYHBIX 3dh-
¢eKTOB TpaHCIUIAaHTAallMM HEOOXOAMMO IEeTaabHO
HCCJIeNOBaTh XapakKTep M ITOCJIEICTBUS B3aMMHOIO
BJIMSIHUSI JOHOPCKUX KJIETOK M TKaHEW pelMITMeHTa.
XapakTep BIMSIHUSI arpeCCUBHOII cpeabl MO3Ta, I10-
paxkeHHOro HelipoaereHepalueii, Ha BBLKMBAeMOCTh
U nyTu 1uddepeHIInPOBKU TPaHCIIJIAHTUPOBAHHBIX

BUOJOIT'MYECKME MEMBPAHBI

MMCK, a Takke TTOIXOObI LTSI TIOBBIIIICHUS UX PE3U-
CTEHTHOCTH U3y4au C UCIIOJIb30BaHUEM MMEPBUIHOMN
KYJIbTYPBI KJIETOK TMIIIOKaMIla TpaHCreHHbIX SXFAD
mbireit 1 MMCK u3 BapToHoBa cTynHS ITyITOYHOTO
KaHaTHKa YeJIOBeKa B YCJIOBUSIX MPSIMOTO U HETIpsi-
MOTO KYJIbTUBMpPOBaHUS. B Hallux skcriepuMeHTax
HCCea0BaHa BO3MOXHOCTb TMOBBIIIATH BbIXXUBae-
Moctb MMCK M MonmyiaupoBaTb WX aare3vio Iof
BIMsiHUEM cTpecc-0enkoB YB-1 u HSP70, o6i1amaio-
IIUX BBIPaKEHHBIM HEUPOTIPOTEKTOPHBIM (P heKkToM
[27—30]. B HaiieM ucciienoBaHUM TakKKe MpoaHaIu-
3upoBaHa criocooHocth MMCK k muddepeHIIpoBKe
B aCTPOLIMTHI U HEMPOHBI B 3aBUCUMOCTHU OT YCJIOBUIA
KYJIbTUBUPOBAHUS C TMITIIOKAMIIAIbHON KYyJbTYpOii
Mmbleii SXFAD, Momenupymolleil HelipogereHepa-
TUBHBIN TTpo1ecc B Mo3Te TIipu BA.

MATEPHAJIBI U METObI

JInaust mpimeii SXFAD. Pabora BbInmojHeHa Ha
MEPBUYHOM KYJIBType KJIETOK TMITITOKAMIIA HOBOPOXK-
JIEHHBIX TPAHCTEHHBIX MBIIIeH TMHNU SXFAD, KoTO-
pBle KoaKkcnpeccupylot mseackyio (K670N/M671L),
daopunckyro (1716V) n nongonckyio (V7171) myra-
uun APP (695) denoBeka, a Takxke M146L u L286V
MyTalluM B MpeceHunnHe | ¢ skcopeccueit odoux
TpaHcreHoB noxa Thyl mpomoropom. Kitetku TpaHc-
TeHHOI KYyJIbTYpPhl TOCTEIIEHHO HaKaIUIMBAIOT OeTa-
aMUJIOU, U UCTIOJB3YIOTCS KaK MOJie/ib, B KOTOPOii
OeTta-aMWiIOUI SIBJISIETCS MPUYMHON IOalbHEHIIEi
HelpoaereHepaluu.

HMccnenoBanue mpoBeAeHO B CTPOTOM COOTBET-
crBuu ¢ “IlpaBunamMu NpoBeNeHUsT KCCIIeNOBaHUN
C 9KCIepUMEHTATbHBIMU XUBOTHBIMU (ITprikaz MuH-
snpaBa Poccuu ot 12 aBrycra 1997 . Ne 755). Bce
MpoLEeayphl Ha MbIlIaxX ObLIM 0no0peHsl Komuccueit
no ouobe3zomnacHoCcT U 6uosTuke (MHCTUTYT OUO-
duszukmn kinetkn — I[lylIMHCKUI HaydHBIM LEHTP
onoyiornuecknx mcciaemosanuit PAH, paspemnienue
Ne 3 o1 12 utons 2020 1.) B cooTBeTCTBUU ¢ JIUpeKTH-
Boii 2010/ 63/EC EBporieiickoro mapjamMeHTa.

I'eHOTMIIIPOBAaHMWE MBIIIEI TMTPOBOIUIIN C ITOMO-
meio [TIP JHK, BeImeneHHOI M3 OMOIITATOB yXa.
Hanuuyue TpaHcreHHOI KacCeThl BBISBISJIOCH C IO~
Moo npaiiMepoB 5'-AGG ACT GAC CAC TCG
ACC AG-3'u 5'-CGG GGG TCT AGT TCT GCA
T-3' ¢ mocnenyouieit 31eKTpodopeTUIeCcKOoii BU3ya-
JIM3almeil oJis1 BRISIBIICHUSI HOCUTEIIE TpaHCTEHHOM
KacceTsl JuHOM 377 m.H. TpaHCreHBl BCTaBJICHBI B
onuH Jokyc Chr3:6297836, roe oHu He BIUSIIOT HA Ha
KaKue U3BECTHbBIE TeHBI.

MMCK. IMonyyenne MMCK u3 BaproHoBa cTya-
HsI MyIIOYHOr0 KaHATUKA MPOBOIWIN UMEIOIINE CIIe-
UaJIbHOE pa3pelleHue WIS II0I00HOro Buaa padboT
cotpygHuku ®I'BY “HanuoHalbHOTO MeIMIIMH-
CKOTO HMCCJed0oBaTeIbCKOro IeHTpa aKyIllepCcTBa,
TMHEKOJIOTUY Y MEePUHATOJIOTMHM UMEHHU aKaaeMHUKa
B.N. KynakoBa” MuHucTepcTBa 3npaBooxpaHeHuss PO
Ne 3
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(®Irby “HMMUL AI'TI um. B.U. KynakoBa” MuH-
3npaBa Poccun) B pamkax 3aKJIFOUEHHOTO C 3TOM Op-
ra"nu3anmeit norosopa. Ilepsrmuanyio KynsTypy MMCK
BBIIEJISIIN U3 BapToHOBA CTYIHS ITyITOYHOTO KaHATH -
Ka, MOJyYeHHOTO TI0C/Ie omnepalny KecapeBa ceve-
HUS OT pa3HBIX (He MeHee MSITH) 3M0POBBIX 00CIeI0-
BaHHBIX POXEHUI. 3a00p MaTepuraia OCYyIIEeCTBIISIIN
C TMMCBbMEHHOTO MH(OPMUPOBAHHOTO COIIACUS J0O-
HopoB. O0pa3lbl TKaHEe MeXaHUYeCKU U3MeIbdyaiu
n noMmemianu B 0.1% pacTBop KoJiiareHasbl Tumna I
(Gibco) B Teuenure 60 mun ripu 37°C. [1ocite HKyOa-
LIMU CYCIIEH3UIO OCAXKIAJIU LIEHTpU(DYrMpoOBaHUEM B
teueHue 3 MmuH npu 200 g. Ocanok pecycneHAupoBa-
Jm B DMEM (Gibco) — F12 (ITan®ko, Poccus) (1:1)
¢ mo6apienueM 10% >MOpHOHAIIBHOM OBIUBEIl CHIBO-
porku (Gibco) u 1% IleHuUMIInH-CTPENTOMULIMH-
oryramMuH (Gibco) M moMmemanu B KyJIbTypalbHbIC
dnakoHbl 06BeMOM 25 cm? (Corning). KieTku Kyib-
tuBupoBanu npu 37°C u 5% CO,. [1pu mwIoTHOCTH
Kya6Typbl B 80% kietku cunmanu 0.05% tpurnicuHoMm
(ITandDko).

MeTonoM TPOTOYHON LUTOGMIYOPUMETPUU ObLIT
oxapakTepu3oBaH ¢eHoTuIl BoleaeHHbIXx MMCK ¢
MpUMeEHEHMEM cleluGUuIeckux MapKepoB. AHaIu3
WHTEHCUBHOCTHU (hJIyOpeCLICHIIMY MPOBOAUIN C TO-
MoIIbIO TTpoTouyHOTO HIMTodayopumerpa FACSCali-
bur u nmporpammHoro ob6ecrieueHuss BD CellQuest
Pro (BD Biosciences, CIIIA). KnerouHast momyisi-
1S Bblaesiach mo napamerpam mnpsimoro (FSC) u
6okoBoro (SSC) ceropaccesiHUsI. OLIeHUBAIM 3KC-
MpEeCCUIo TaKUX MapKepoB, kak CD90, CD105, CD73,
CD19, HLA-DR. ¥YpoBeHb 3KCIIpEeCCUM HCCIIenye-
MOIo Mapkepa OLEHUBIU MO TUCTOrpaMMe UHTEH-
CUBHOCTH (hayopecueHIUU. MMMyHOLIMTOXUMUYE-
CKO€ OKpallluBaHW€ MPOBOAUIN C UCTOJb30BaHUEM
MOHOKJIOHAJIbHBIX aHTUTEJ, KOHBIOTUPOBAHHBIX C (DU-
KO3pUTpUHOM. 711 aHaM3a KJIETKU CHUMAJU € MO-
BEPXHOCTU (hJlaKOHA paCTBOPOM TPUIICUHA, TBaXKIbI
MpoMbIBajiv Oydepom mist okpammbaHust (PBS, 1.0%
sM6puoHanbHO ceiBopoTk KPC 1 0.1% asuga Ha-
tpus). K xieTkaM go0aBisiiiv mo 15 MK Me4eHBIX
aHTUTEJ K OJHOMY M3 U3y4aeMbIX MOBEPXHOCTHBIX
MapKepoB, T0BOJs 00beM KJIETOUHOM CYCIIEH3UU N0
100 mxi. B obGpasusl, ciayxaiime oTpuIaTeIbHBIM
KOHTpPOJIEM, J00aBJSIIA COOTBETCTBYIOILIME M30TU-
nuyeckue aHturena. KieTouyHyo CyCrieH3u0 MHKY-
oupoBanu 1pu Temiieparype + 4°C B tedeHue 1 4.
ITocne nHKyOaMy KJI€TKA OTMbIBAJIM 2 pa3a B 1 M
oydepa w1 okpamuBaHus U ¢puKcrupoBain B 0.5 M
2% pactBopa mnapadopManbaeruga. [loaydyeHHYIO
KJIETOUHYIO CyCTIeH3U10 (DUIbTPOBAIU Yepe3 (hUIbTp
¢ nuaMmeTpoM nop 30 MKM. AHaJIM3 UHTEHCUBHOCTU
dbayopecueHIIMM TTPOBOAWJIM HAa TMTPOTOYHOM LIMTO-
dmyopumerpe-coprepe FACSAria (Becton Dickin-
son Co.).

B nmanbHeimmx OKCIIEPUMCHTAX HMCIIOJIb30BaIN
KJICTKHU, MIPpOIICAIINEC HE Gonee 6 maccaxeii.
BUOJIOTUYECKUE MEMBPAHBIL
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IlepBuynas KyIbTypa KJIETOK THINOKAMIA MbIIIEH
Jann SXFAD. KynbTyphl KJI€TOK TUIITIIOKAaMIIA TTOJTy -
yajJd U3 MO3ra HOBOPOXIACHHBLIX MbIlIeii. [urmo-
KaMIT MeXaHUYEeCKM M3MeIbYaliv, ITOC/Ie Yero oopa-
o6areiBanu pactBopoM TpuiicuHa ¢ EDTA (Trypsin-
EDTA, Gibco). Jlajiee cycieH3UI0 KJI€TOK, BHOCWJIU
B JIVHKH TUIAHIIIETA, MOKPBITHIE ITOMIM3nHoM (Poly-
D-Lysine, Gibco), m gobGasisiiin HelipoOa3aJbHYIO
cpeny Neurobasal Medium (Gibco), comepxkaliyro
2% 6moakTuBHO 1o6aBKu B-27 Supplement (Gibco)
" 1% NeHNIUIINH-CTPENTOMULIMH-TTyTaMUuH (Gib-
co). CMmeHa cpeabl IIPOBOIMIIACh Ha YETBEPTHIi ICHb.
IMnanurersl ¢ KyabTypamu noMmemiaiu B CO,-MHKY-
6atop (5% CO,), mpu temneparype 37°C. [TonydyeH-
Hble HaMU 2D KyJbTypbl KJIETOK THUIMIIOKAMIa 3THUX
KMBOTHBIX OCTAIOTCSI XXU3HECIIOCOOHBIMI B TEUCHUE
oonee 30 mHel KyJIbTUBUPOBAHMS, YTO ITO3BOJISIET
MPOBECTU MOJHOLIEHHOE MCCIeI0BaHUE 10 aHAJIU3Y
B3auMoBnusIHUSI MMCK 1 KynbTyphI TUIIIIOKAMIIA C
Ipu3HaKaM1 HelpopaereHepauuu. Hamm Obuin mc-
TMOJb30BaHbI Kak Mooable (14 gHeit), Tak U cTapero-
e (28 gHei) TpaHCTeHHBIE KYJIbTYPHI.

CoBMecTHOE KYJIbTUBHPOBAHNE MEPBUYHOI KYJILTYPbI
KJIeTOK runnokamna moimei Juann SXFAD u MMCK.
MMCK, cHsTBIE C KyIbTypaabHOTO (hjlakoHa, OKpa-
IIMBAJIM TPUIMIAHOBBIM CUHUM JJIsI OLIEHKU KOJu4e-
CTBa HEXM3HECHOCOOHBIX KJIETOK W Jlajiee MOACUU-
THIBAJIM UX KOJIMUecTBO B KaMepe ['opsieBa. CoBMecT-
HO€ KYJIbTUBUPOBaHUE KJIETOK MPOBOAMIIOCH IBYMSI
cnocobamu.

B nepBoMm ci1yyae Ha ITOKPOBHbBIE CTEKJIA, [TOKPBITHIC
NOJWIN3NHOM, KpYIHOM Karuieit Hanocum MMCK
TaK, 4TOObI KJIETKM HAXOAWINWCh HAa 3HAYUTEIHLHOM
yaaJleHUU OpYyT OT Apyra U He CJIUITAIMCh B arperarthbl
(cootHomrenue koiamdectBa MMCK kK konudecTtBy
KJIETOK HeMpOHaJIbHOM KYJIbTYphl cocTaBisiio 1 : 3),
crexya ocrapisiiii B CO,-uHkybaTope Ha 2 4 IS
IUIOTHOTO IIpuKperuieHns XiaeTtok. Ilocne atoro
cTekna ¢ npukperuieHHeIMM MMCK pacnionaranm B
JIYHKax ¢ MpeaBapUTeIbHO IMOATOTOBICHHBIMU MEP-
BUYHBIMU KYJIbTYpaMu (HETIPSIMOE KYJIbTUBUPOBaHME).
B stoMm cirygae mexkmy MMCK 1 KJIeTKaMy THIIITO-
KaMIaJIbHOM KYJbTYpbl MCKIIOUEHBI IIPSIMbIE KOH-
TakThl, cTekJIo ¢ MMCK ocHalmaercs crieuajibHBI-
MU HOXKaMM-AepKaTeIIMU U3 ITapaduibMa 1 Haxo-
IUTCS Hanm KyJbTypoii. Bo Bropom ciyyae MMCK
BHOCWJIA HEMOCPEACTBEHHO B HEMPOHAJILHYIO KYJIb-
Typy (IpsAMoe KyJIbTUBUPOBAHME) B COOTHOIICHUU
1 : 3. CoBMecTHOE KyJIBTUBUPOBaHUE TIPOBOIMIIOCH B
Te4YCHUE IISITU THEl, IBYX HelleJIb 1, B OMHOM ciydac,
Mecda.

Oo6padorka MMCK crpecc-0enkamu. 1151 MOBBI-
meHust BpkuBaeMocti MMCK B arpecCuBHBIX YCIIO-
BUSIX TPAHCTEHHOM KYJILTYPhl IPOBOAMIACH MIPEIBa-
purtenbHast 0opadborka MMCK crpecc-6enkamu HSP70
u YB-1. 15151 aTOTO Cpena B KyJabTypaJbHOM (hIaKOHE
¢ MMCK Ha 2 4 3aMeHsIJIach Ha Cpely, COIepKallyio
30 HM cTpecc-0eKoB, TTOCiIe YeTO B TEUEHNE CYTOK
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MPOBOAMIOCH HepsIMoe KyiIbTruBHUpoBaHne MMCK
¢ 14-gHeBHOI KyJIbTYpPOI TPAHCTE€HHBIX MBIIIEH.

BbikuBaeMocTh KieTOK. 151 aHaiiM3a BbKUBae-
Moctd MM CK KJ1eTOK B TUITIOKAMITAILHBIX KYJIbTY-
pax IpUMEHW/IY ABa HE3aBUCUMBIX TECTA.

1). MTS-tecT Ha OCHOBE OLIEHKU MeTabosruye-
CKOIi aKTMBHOCTU — KOJOPUMETPUUYECKUI TECT IJIs1
OLICHKM METa00INYECKOIl OKMCINTEIbHO-BOCCTAHO-
BUTEJILHOI akKTUBHOCTU KJIeTOK. PeaktuB MTS mon
JIeiicTBUEM MUTOXOHIPUAJIBHBIX IETUAPOreHas XXu3-
HECITOCOOHBIX KJIETOK BOCCTAaHABIMBAETCS IO HE pac-
TBOPUMOTO B Bojae (popmazaHa (prOJIETOBOTO 1IBETA.
B »skcnepuMeHTanbHBIC TIJIAHIIETHl J1OOABJISIIN
MTS (ucxomHast KOHLEHTpauus 5 Mr/mi) 1o 10 Mk
Ha JIYHKY; KJIETKM MHKYOMpOBaJlu B TeYeHHE 3 U B
CO,-uHky6arope. 3ateM usBnekaiu ctekia c MMCK,
MepeHoCcs UX B OTAE/IbHbIC TUIAHIIETHI, U 100aBISIN
JAMCO. KiieTky BCTpSIXMBaJIM Ha IIeiiKepe IS JIyd-
IIIETO IIepeMeNINBaHUs U PaCTBOPEHUST KPUCTALIOB
dopmazana B IMCO u nepeHOCWIN B JIVHKHU 96-71y-
HOYHOIO IUIaHIIeTa. DKCIIEPUMEHTHI IIPOBOIWINCH
B OTCYTCTBHME MHTEHCUBHOTO CBETa, MOCKOIBKY MTS
U (popMazaH (poTouyBCTBUTENIbHBI. OQOpa3Lbl ObLIU
IIpOoaHaIU3UPOBaHbl HAa MUKPOIUIAHIIETHOM (DOTO-
metpe (Thermo Fisher) mist uamepeHus: onTUYECKOM
TUIOTHOCTU Ha puibTpe 570 HM.

2). Tect ¢ ucnonb30BaHUEM NBYX (hJIyOPECLICHT-
HbIX Kpacuteneit Hoechst 33342 (Invitrogen) u i1o-
muna nporuauss PI (Thermo Scientific), koTopsie
pacTBOPSUIU B KyJIbTypaabHOIi cpelie B padoueii KOH-
meHTpanuu 10 u 30 MkM cootBeTcTBeHHO. [loce
30-mMuH MHKyOa1Mu KieTok B cpene ¢ Hoechst 33342
B CO,-uHkKybaTope no0aBisyiv Hoaua Mponuaus u
M3y4Yad KJIETKU Mo MUKpocKonoM. Takum oOpa3oMm,
MMPOBOIWIACH OLICHKA BIIUSTHUS HENPSIMOTO KYJIbTU-
BupoBaHus ¢ MMCK Ha XXM3HEeCITOCOOHOCTh TUIIIIO-
KaMITaJIbHBIX TPaHCITeHHBIX KYJIbTYp Bo3pacTtoM 14
u 28 gHel, a TaKKe OLIEHUBAJIOCh BIIMSIHUE TPAHCTEH-
HOM KyJIBTYPBI Ha >Ku3HecrnocooHocTh caMmux MMCK.

Knerounas aaresus. B crielinagbHOM 9KCIIEPUMEHTE
JUIsl U3ydeHUsl aare3uoHHbIX cBoiictB MMCK (mipu-
kperuieHrne MMCK k moBepxHOCTH cTeKI1a, 00pabo-
TaHHOTO OIMOPHBLIM cyocTpaTom), MMCK, cHsThIE C
KyJbTYpaJibHOTO (hJlakoHa, OKpalllMBaid TPUMAHO-
BbIM CUHUMM JUJISl OLIEHKW KOJMYECTBA HEXNU3HECTO-
COOHBIX KJIETOK U Jajiee MOACUYUTHIBAIM UX KOJIUYe-
cTBO B Kamepe lopseBa. Ha mokpoBHbIe cTekIa,
MMOKPBITEIE OIIOPHBIM cyocTtpatom Poly-D-Lysine,
KpyrHoi karuieit HaHocsin MMCK Tak, 4ToObI KJIeT-
KW HaXOWJIUCh HA 3HAYUTEIbHOM yIaJIEHUU JPYT OT
JIpyTa u He CJIUTIAJIUCh B arperarhbl (COOTHOIIIEHNE KO-
JuyectBa MMCK K KoiMuecTBY KJIETOK HEMPOHaIb-
HOI KyJIbTYphl COCTaBsIo 1 : 3), cTeKsa OCTaBIsLIU
B CO,-uHKy0aTope Ha 2 4 JIJisl IVIOTHOTO MpUKpeTiie-
Hus kieTok. [Toce yero crexsia ¢ HpuKperieHHbIMU
MMCK pacnonarajii B JJyHKax C MpeIBapUTEIbHO
MOATOTOBIEHHBIMU MEPBUYHBIMU KYJIbTypaMu Harpo-
TUB OPYT Apyra, pasacjaeHHbIE TOJIBKO CIIOEM KYJIbTY-

BUOJOIT'MYECKME MEMBPAHBI

YAIUIBITUHA u ap.

paJbHOM XXMAKOCTH, B TedeHue 5 nHeit. I1ocae aToro
CcTeKJia BBIHUMaJu, B TeyeHue 10 MuH pukcupoBain
4% mapadopMaIbIeruaIoM, IIOCJIE Yero MpPOBOIUIN
ChEMKY Ha MUKPOCKOIIE B CBETJIOM I10Jie. B cueTunke
KJIETOK B mporpamme ImageJ moncumThIBain KOJIU-
YeCTBO OCTaBIIMXCS Ha CTeKJIe KJIeTOK. B KadecTtBe
KOHTPOJISI KJIETKY, MOCaXXeHHbBIe aHAJIOTUYHBIM 00-
pa3oM, Haxoguauck B cpene DMEM-FI12.

O0pa3oBaHre MEXKKJIETOYHbIX KOHTAKTOB. J1J1s1 OlIeH-
K1 oOpazoBaHus KaHaiaoB Mexny MMCK u kieTka-
MU B TPAaHCT€HHOM KyJIbType TMIIIOKaMIIa MbI IIPE/-
BapuTeIbHO B TeyeHUe 30 MuH 1ipu 37°C npoBoaIv
okpammBanne MMCK B 6ecchIBOpOTOUYHOI cpelie,
comepxamieit 10 MmxM kanbemHa AM (Sigma-Al-
drich). B XXuBbIX KJIETKaX He (DIIyOpEeCEeHTHbIN Kajlb-
nernH AM Tmociie TUapoir3a aleTOKCUMETUIOBOTO
a(hupa BHYyTPUKIETOUHBIMM 3CTEpa3aMu IIpeBpalia-
eTCsl B KaJIbLICUH, (bJIyOpeCLMPYIOLIUIi B 3€JIEHOM 00-
JlacTu criekTpa (Bo30./amucc. 494/517 um). JlaHHbIi
KpacuTeJb MOXKET IIPOXOANTh Yepe3 IIeIeBble KOH-
TaKThl U TIepedaBaThbCsl OT KJIETKU B KieTky. ITocie
ATOI0 MEUEHbIE KJIETKM OTMbIBAJIM, CHUMAJIM PACTBO-
poM tpuricuHa ¢ EDTA (Trypsin-EDTA) 1 ocaxxnanu
ueHTpudyrupoBanuem (5 muH, 1000 06/mMuH). Oca-
JIOK ME@UEHHBIX KJIbLIEMHOM KJIETOK CyCIIeHIUpPOBa-
JIM B TIOJIHOIT POCTOBOI cpene, MOACYUTHIBAIN B Ka-
Mepe [opsieBa ¥ TOTOBWJIM CYCIIEH3UIO C KOHIIEHTpa-
e 30000 xietoxk B 200 MK IS BHECEHUS B
KYJIBTYPY KJIETOK ruiimokamiia Muiiu. CoBMECTHOE
KyJbTUBUPOBaHWE MPOBOAUIU B TeyeHUe 3 4. B ka-
YecTBe KOHTPOJbHBIX 00pasuoB ciayxuwin MMCK,
oOpaboTaHHbBIE MHTMOMTOPOM IlEJIEBBIX KAHAJIOB A1 -
HaTPUEBOU cosiblo KapOeHoKcoJioHa (Sigma-Aldrich)
B kKoHueHtpanuu 100 MxM. Ilociae coBMecCTHOTO
KyJBTUBUPOBAHUS KIETKU ukcupoBanu 4% rapa-
dopmanpaerugoM u okpammbanu Hoechst 33342.
3aTeM perucTpUpoBaii 00JaCTU IIepepacIlipenciie-
HUd 3eseHoi piyopecueHnn or MMCK k kireTkam
KYJBTYDHI.

HNMMyHOIMTOXMMHYECKOE OKpammBaHue. JInst Kaxk-
JIOTO TMMYHOMITYOPECIIEHTHOTO aHaJIN3a, KYJIbTYPBI
B Teuenue 10 muH ¢ukcuponsaiu 4% mapadopmMaib-
JleTUIOM. 3aTeM YBeJIUYMBaAIU MPOHULIAEMOCTh MEM-
6paH c moMoikio 0.2% pactBopa Triton X-100 1 B Te-
YeHHUe Jaca Ipy KOMHATHOI TeMriepaType 0JI0KUpO-
BaJii HecleluuguIeckoe CBSI3bIBAaHUE C aHTUTEHAMU
B pactBope PBST (PBS + 0.1% Tween 20) + 1% BSA
¢ npuMeHeHneM 10% ocnmHOIi CBIBOPOTKH (Abcam,
ab7475) u 5% xosnmuHoM ceiBopoTKM (Invitrogen,
31872). KynbTypbl MHKYOMpPOBaIU C II€PBUYHBIMU
aHTUTEJIaMM 3 4 TIpU KOMHATHOM TeMIieparype, Imo-
cJie 4ero OoKpallluBajyd BTOPUYHBIMM aHTUTEIaMU B
TeuyeHUe 4aca. [lociae Kaxkmoit mpolleaypbl KIETKU
ormeiBasit PBS 3 pasa 1o 5 MmuH.

Ouenka cocrostHust MMCK mpoBommiacek yepes
5 CYTOK WX HETIPSIMOTO KYJIbTUBUPOBAHUS C TIEPBUY-
HOM 14-mHEBHOI KyJIbTYpOIi TUIIITIOKAMIIa TPAHCTEH-
HBIX MBIeii. CrmocoOHOCTh K muddepeHINPOBKE
Ne 3
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MMCK B 3penble HEMPOHBI OLICHUBAIACh T10 TTO3M-
TUBHOI MMMYyHOpeakTuBHOCTM K MAP2 (Thermo,
pall0005, 1 : 200) ¢ okpackoii BTOpUYHBIMU aHTUTE-
nmamu Alexa Fluor 633 (Invitrogen, A-21103, 1: 1000),
B acTpouMThl — no peakTuBHOCTU K GFAP (Abcam,
ab7260, 1 : 500) ¢c okpackoif BTOpUYHBIMH aHTUTEIA-
mu DyLight 488 (GeneTex, GTX76757, 1 : 1000).

Taxke MCHOIB30BAIUCH IIEPBUYHBIC aHTUTEJIA
Anti-MAP2 antibody — mapkepsl HelipoHOB (Abcam,
ab32454, 1 : 100), n Anti-GFAP antibody — mapkepsl
actpouutoB (Abcam, ab4674, 1 : 1000), MAB1281
Anti-Nuclei Antibody clone 235-1 nig unentuduka-
uu yenoBeveckux KieTok (Chemicon, 1 : 100). Bro-
pUYHasi OKpacka IpOoU3BOAWIACH AaHTUTEIaMU C (py-
opecueHTHBIMU MeTKamu: AlexaFluor 594 (Abcam,
ab150076, 1 : 200), AlexaFluor 488 (Abcam, ab150169,
1:2000), AlexaFluor 555 (Abcam, ab206870, 1 : 100),
Alexa Fluor 405 (Abcam, ab175660, 1 : 100), Alexa
Fluor 405 (Abcam, ab175678, 1 : 200).

Cramucrimuecknii anaym3. Pesynsratel MTS-TecToB
Bocripous3Boauu B 10 moBTopax. Pe3ynbTaThl oOKpac-
KA Ha BBDKHBAEMOCTH BOCITIPOM3BOAMIN B 6 TTOBTO-
pax, cheMKa Ipou3BoAmIach Ha Mukpockore Jull
Stage Real-Time Cell History Recorder Ha rutomanu
2.95 x 3.96 MM2, cocTos1uei u3 121 cHUMKa, U3 Kax-
JIOIf cepuu aHATM3UPOBAJIU HE MeHee 15 n3obpaxke-
Huii. Pe3ynbpTaThl TECTOB Ha aAre3MBHBIE CBOMCTBA
KJIETOK BOCIIPOMU3BOIMIIM B 6 OBTOPaX, ChbeMKY ITPO-
BOJIWJIM C UCITOJTIb30BaHUEM MUKpockora Leica DM IL
(oobexktuB 20X, BuguMmas Iowmwans — 0.1 Mm?),
B KaXIOM moBTope cHuManu 1mo 10—15 m3ob6paxe-
Huii. Pe3ynbraThl UMMYyHOLIMTOXMMMYECKUX OKPACOK
BOCIIPOM3BOIMJINCH B 4 MoBTOpax. CheMKa IIpou3BO-
ouiachk Ha riomanu 2.95 X 3.96 mM2, cocrosiueit
u3 121 cHUMKa BBICOKOTO paspeleHus (Tuioiagb
cHuMKa 0.268 % 0.36 mm?). Pe3ynbTarsl TeCTOB 0Opa-
30BaHUS MEXKIIETOUHBIX KOHTAKTOB BOCIIPOU3BOIM -
JINCH B 6 MOBTOPax, CheMKY ITPOBOIWIHN C UCIOIb30-
BaHMeM MuKpockona Leica DM IL (o6bexTus 20X,
Buaumas wiowans — 0.1 MM?), B KaXI0M ITOBTOpE
cauManu 1o 10 uzo6paxeHuii. Craructudeckas o0-
paboTKa MPOBOAMJIACH C MOMOIIBIO IIPOrPaMMHOTIO
obecrieuenust Sigma Plot 12.5 ¢ olieHKOIT 1OocTOBEP-
HOCTH I10 IBYXCTOPOHHEMY f-Kputepuio CThIOAeHTa,
a TakKX€ C HCIIOJIb30BaHMEM HeNapaMeTpUYeCKOTO
kputepusi CteioneHta—Hblomana—Kenca 1 MaHHa—
YurHu.

PE3VJIBTATBI U OBCYXIEHHUE

bbuiu noJtyyeHbl U 0XapaKTEPU30BaHbl MYJIBTUIIO-
TEHTHbIE Me3eHXMMHbIe CTBOJIOBbIEe KiieTku (MMCK),
BblIeJIeHHbIe U3 BapToHOBa CTYAHS MyMOYHOIro Ka-
HaTuKa yesjoBeka. [lutomMmerpuueckuii aHaianu3 noka-
3aJjl, YTO 3TU KJIeTKU 3KcmpeccupytoT CD73, CD90 u
CD105, a takxke HLA-ABC, HO He 3KCIIPECCUPYIOT
JuM¢ounaHbIe MapKepsl (puc. 1), 4TO IMTOJIHOCTHIO OT-
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BedyaeT TpeOOBaHUAM K MACHTU(HUKALINN KJIETOK KaK
MMCK [31].

MBI U3yYMIN KJIETOYHOE B3aMMOICUCTBUEC MEXITY
nmoHopckumMu MMCK u kiteTkaMu KyIbTyphl TPaHC-
reHHbIX Mbilreit SXFAD B ycioBUsiX MPSIMOTO U He-
MPSIMOTO KYJIETUBUPOBAHUS, YTO ITO3BOJISIET OLICHUTh
POJIb HETIOCPEACTBEHHOTO MEXXKJIETOYHOIO KOHTAKTa
B HCCJIEAYyeMBbIX B3aUMOACUCTBUSIX MEXIY KJIETKAMMU.
JaHHBI TPOTOKOJ KYJILTUBUPOBAHUS yOOOECH OIS
OLIEHKM BBDKMBAaE€MOCTH KJIETOK 0€3 HEOOXOIMMOCTH
MapKepPHOTO pa3aeecHUsl IBYX KyJIbTYD.

Henpsamoe KyJibTHBHpOBaHHE. AHAIN3 BIUSHUS
MMCK Ha TpaHCTreHHYIO KyJIbTypy IPpH HEIPSIMOM
KYJbTUBUPOBAHMM IOKA3aJl, YTO IIPOLICHT IMOrMOIINX
KJIETOK B 14-1HEBHOII HATUBHOI TpaHCTEHHOM KYJIb-
Type coctaBui 3.7 + 0.29%, a ipu ee KyJIbTUBHPOBA-
Huu ¢ MMCK — 4.15 + 0.51%. Ha 4-ii Henene Kyib-
TUBHUPOBAHMS B TPAHCTEHHOI Ky/IbType IIPOUCXOIN -
JIO pe3Koe yBeJIMYEeHME YMCIIa MOTUOIIMX KIJIETOK 0
39.46 + 6.98%, 4TO B LIEJIOM XapaKTEPHO Il cTape-
IOLLEN TPAHCTEHHOM KYJIbTYPbl, UCIIBIThIBAIOLIEH 1€~
dbunuT HelipoHaIbHONI (PYHKIIMK C OMHOBPEMEHHBIM
Mepernpon3BOACTBOM acTporuu. [Ipu ee KyJ1bTUBU-
poBanuu ¢ MMCK Habmoganach TeHIEHLIMS K CHU-
KEHUIO THOen KieTok 10 27.91 £ 6.5%.

CxomHble JaHHbIE ObLIU TTOJYyYEeHBI TTPU UCTIOJb-
3oBaHnuu MTS-tecra (puc. 2). TpaHcreHHast KyJIbTy-
pa no 1 riocie KynbtuBupoBanusg ¢ MMCK gemoBeka
MpakKTUYECKU He U3MEHsIIa mapamMeTphbl CBOeit MeTa-
6onuueckoit aktusHocTH (0.18 £ 0.006 oTH. omT. ex.
B KoHTpoJie 1 0.17 = 0.004 oTH. O1IT. ex. TTocie KyJIb-
tuBUpoBaHusl). OqHako npedsiBanue MMCK B arpec-
CUBHOI Cpelle TPAaHCT€HHOM KYJIBTYpbl HE TOJIBKO
BBI3BIBAJIO CHIKEHUE META00INYECKON aKTUBHOCTHU
MMCK ¢ 0.11 £ 0.01 mo 0.07 = 0.004 oTH. onT. en.
(puc. 26), HO ¥ OTHOBPEMEHHO COIIPOBOXIAJIOCH
cHIDKeHneM ku3HecrmocooHoctn MMCK. Tak, npn
HenpsiMoM KyiabTuBupoBaHun MMCK c TpaHcreH-
HOM KYJIBTYpOil IIPOLIEHT MEPTBBIX KIJIETOK Cpeau
MMCK coctaBun 7.8 + 0.26%, 1ipu ux BeIpaliuBa-
HUU B HelipoOazanbHOU cpene rudoenbr MMCK co-
craBuia Beero 2.2 & 0.13%, 4To coBmagaeT ¢ mpoleH-
TOM MX BBDKMBAE€MOCTHM B €CTECTBEHHOM IUISI HUX
DMEM-F12 cpene.

MMMyHOLIUTOXMMHUYECKOE OKpallluBaHUE KYJb-
Typsl MMCK mociie HeleIbHOTO HEeTPSIMOTO KYJIb-
TUBUPOBAHUS C TPAHCTEHHBIMU KJIETKAMU MOJOOOMN
14-nHeBHON KyJAbTypbl HE BBISIBUJIO UMMYHOIO3M-
TUBHOCTH K Mapkepam MAP2, GFAP, yro cBume-
TEJILCTBYET 00 OTCYTCTBMM KOHEUHOU nuddepeHn-
poBkru MMCK B TpaHCreHHOI Ky/JIbType B yKa3aH-
HbIE CPOKU.

B nHameit pabote ObL1a MpeANpUHITA TTOMBITKA
MoBBICUTh BbKMBaeMocThb MMCK B arpeccuBHOI
cpelle TPAaHCTEHHOU KyJbTYpbl MPUMEHEHHUEM JBYX
crpecc-6enkoB YB-1 u HSP70. YcraHoBieHO, 4TO
npenBapuTeabHas o0paboTKa yKa3aHHBIMU CTpecC-
oenkamMu cHikana rudenp MMCK nipu ux Herps-
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Puc. 1. Dkcnpeccus crieuuduyeckux mapkepo CD73 (a), CD90 (6), CD105 (¢), HLA-ABC (e) 1 oTCyTCTBUE 3KCIIPECCUU
mapkepoB TuMbounHbix k1eTok HLA-DR (), CD45 (e) u CD19 (ac) MM CK u3 BapToHoBa cTyqHSI ITylTOYHOTO KaHATUKA Ye-
JioBeKa.
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Puc. 2. Merabonnueckast aKTUBHOCTb KJIETOK IT0 pe3yiabratam MTS-tecTa.

a — Mertabonuyeckasi akTUBHOCTb KJIETOK TPAHCT€HHOM KYJIbTYPBI 10 U Ttocie KynbTuBupoBaHus ¢ MMCK. 6 — MeTtabonu-
yeckass aktTuBHOCTb MMCK, KyJbTMBUpPYEMBIX C TpaHCTeHHOI KynbTypoii, 1 B DMEM-FI12 — ux ecrecTBeHHOI cperne.
* Paznuuue Mexy rpynnaMmu goctoBepHo ripu p = 0.003 (z-tecT).
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MOM KYJbTUBUPOBAHUN C TPAHCT€HHON KYJIbTYpOit
(puc. 3). Tak, xkomuuectBo MepTBhIx MMCK B
TPAHCTeHHOM KYJbType TPU UX pa3aebHOM KYJIbTH-
BUpoBaHNU Tociie oopadorkn YB-1 mam HSP70 He
OTJIMYAJIOCh OT KojimuectBa MepTBEIX MMCK B ecTe-
CTBEHHOI cpene. Beibop aTrnx 6e1KoB ObLUT 00yCI0OB-
JIEH UX MOJ0XUTEJIbHBIMU 2D DEKTAMU, BbISIBJIEHHBI-
MU HaMU paHee Ha XKMBOTHBIX MOJIEJISIX CIiopaanye-
cKoil M HacneacTBeHHoit dopm BA [27, 28], roe
TakXe ObLIO YCTAHOBJIEHO, UTO 3TU CTpecc-OelKu
CHOCOOHBI MPOHUKATh BHYTPb KJIETOK U IMOBBIIIATH
PE3UCTEHTHOCTh K TOKCHUYECKOMY AEHMCTBUIO OeTa-
ammiionna. Boamoxnao, B otHonreHuun MMCK onm
OKa3bIBAIOT TaKOe X€ NeHCTBMUE, IOBbILIAS YCTOM-
yuBocth MMCK Kk 6eTa-amuyiouny B TpaHCTeHHOM

KYJIBTYpE.

Hao6maronenust Hag Mop@dOJTOTUIECKUMHI M3MeHe-
HusiMu MMCK B nipoliecce UX KyJTbTUBUPOBAHUS B
pa3HbIX ycJIoBUsX Imoka3anu, 4yTo MMCK, oObi9HO
HWMEIOIIME MPABUIbHYIO MOJIMTOHATBHYIO (DOPMY C He-
OOJIBIINM KOJTMYECTBOM OOKOBBIX OTPOCTKOB (pHcC. 4a),
B Cclly4yae HeMpsiMOro KyJbTUBUPOBAHUS C TPAHCTEeH-
HOI KyJIbTYpOil NIEMOHCTPUPYIOT pPazHOOOpa3Hbie
¢GOpMBI — OT JJIMHHBIX “TIMKOOOpPa3HBIX” KJIETOK 11O
KPYIJbIX U HEOOJbIIUX KJIETOK C MaJeHbKUMU OT-
pocTtkamu (puc. 46).

Ilpu nHempssmom kymsTUBUpoBaHun MMCK ¢
HEUPOHAJIIbHOU KYyJIbTYPOI TPAHCTEHHBIX MBIIIEI MbI
HaOJIIOJAJIM, YTO YaCTh KJIETOK OTKPEIUISIeTCSI OT 00-
paboTaHHOTO OTIOPHBIM CYOCTPATOM CTEKJIA, YTO MO-
>KEeT MPOUCXOAUTD U3-3a OTKPEIUIEHUST OT cyOcTpaTa
KaK XXMBBIX, TAK M1 MEPTBBIX KJIETOK. Torma ocTaBIIM-
ecsl KJIeTKHN XapaKTepU3YyIOTCsI CITOCOOHOCTRIO OoJiee
MPOYHO YAEPKUBATHCS Ha TOIJIOXKE Ojaronaps aj-
re3uu, YTO MOXHO OIIPEIEIUTh KOIMYSCTBEHHO U CTa-
TUCTUYECKHN OIICHUTH I10 ycpeaHeHHOMY 1o 20 1o-
JISIM 3pE€HUsI Ha Pa3HbIX CTEKJIaX KOJUYECTBY OCTaB-
IIMXCSI B OMHOM MOJie 3peHUsI KiaeToK. CpaBHUBAs
MOJIydeHHbIE TaHHBIE, MbI ITOKa3aJIM, YTO TI0C/Ie KYyJIb-
tuBupoBaHuss MMCK ¢ TpaHCreHHOIl KyJIbTypoit
JIOCTOBEPHO CHMXKAETCSI KOJIMYECTBO KIIETOK, OCTaB-
IIMxcs Ha cTekyie (puc. 40). B Hammx aKcriepumMeH-
Tax ObUIO MOKAa3aHO, YTO MpeABapuTebHas 00padoT-
ka MMCK YB-1 u HSP70 yBeanunBaeT KOIUIECTBO
MMCK, ocTaBIIMXCS HA CTEKIIE TTOCIIe KYTBTUBAPO-
BaHUs (puc. 46, 42), T.€. yJaydIaeT aaAre3uBHbIE CBOM-
ctBa MMCK.

Hamm pe3ynbrathl comiacyioTcsi ¢ JaHHBIMU IPY-
TMX aBTOPOB, UTO MHOTO(MYHKIIMOHAIbHBIN OEI0K
YB-1 cnoco6eH BIuATh Ha KJIETOUYHYIO aAre3uto Mmy-
TeM MOIYJIMPOBAaHUS SKCIIPECCUU COOTBETCTBYIOIINX
reHoB. IToka3zaHo, 4To cBepxaKcnpeccust YB-1 moxer
YBEJIMYUBATh aAre3uio KJIETOK TUPdy3HOI KPYITHO-
KJIeTO9HOI B-KiteTouHOoi 1uMpOMBI K GUOPOHEKTH-
Hy [29]. HoknmayH YB-1 BausieT Ha MOJIEKYJIbI KJie-
TouHoIi aare3uu (CAM) nyTeM peryJisiliui 3Kcnpec-
cun reHa ITGBS, cBazanHoro ¢ CAM, 3HaYUTEITHFHO
WHTMOMPYET KJIETOUHYIO aAre3rio KJIETOK MOYeUHO-
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KJIETOUHOM KapOWHOMEI in vitro [32]. BaxxHo orMme-
TuTh, yT0 MMCK TOXe 3Kkcnpeccupyior CAM [33],
B yacTHOCTU ICAM-1, KOTOPEII1 HEOOXOOUM UM IJIsI
XOYMUHTa B 00JIACTh ITOBPEXAEHUS, €T0 CBEPXIKC-
rpeccusi NoBbilIaeT 3(pGhEeKTUBHOCTh 1EJIEBOM d0-
CTaBKU U, COOTBETCTBEHHO, KJIETOYHOM Tepanuu [34].
ITonoOHbBIe JaHHEBIE TTOTYYSHBI ¥ B OTHOIIEHWM OeKa
HSP70, cnocobHOro MoayaupoBaTh KJISTOUHYIO aj-
re3mo. Tak, ObIIO ITOKa3aHo, YTo 3K30reHHbIiT HSP70
BBI3BIBAET M30BITOYHYIO IKCIIPECCUIO MOJIEKYJT aAre-
311 B MOHOHYKJIEAPHBIX KJIETKaX nepudepudeckoi
kpoBu [30]. MoXHO HpPEeAIoa0oXKUTh, YTO B HAIIMX
YCIIOBUSX 00a Oejlka yBEIWYMBAIMA aAre3MOHHbBIC
cBoiictBa MMCK. Ha MeTabo1n4ecKyto akTUBHOCTh
MMCK, nx Mop}0JIOTHIO U TUOEITh BIUSIV U3MEHEe-
HHe KyJIbTYpaJIbHOM Cpeabl 1 ITapakKpuHHbIE (haKTO-
pbI, BblIE/IsSIEMble TPAHCTEHHOI KYJIbTYpOUM KJIETOK.
DTu pe3ylbTaTbl MOTYT PACIIMPUTh CTaHIapTHEIC
MOAXOAbl TKAHEBOM MHXXEHEPUU IJIsl PEIIeHUs IPO-
0JieM BOCCTAHOBJICHMSI M pereHepanuu TKaHei u
MOTYT OBITh IIPUMEHEHBI IS YCWJICHUS aare3uu
MMCK npu paboTe ¢ KOMIO3UTHBIMUA MaTpUIIaMU
1 B TPAHCIUIAHTOJIOT MU,

IIpsimoe KyanTuBupoBanue. B aTom ciiyuae MMCK
BHOCUJIMCh HEMMOCPENCTBEHHO B NEPBUYHYIO HEIPO-
HaJIbHYIO KyJIbTypy. MCcIojib30BaHUE MHOTOITO3UIIM -
OHHOM JMHAMUYECKOI CheMKU KYJIbTYpP KaK B CBET-
JIOM MoJie, TaK U C MCIIOJIb30BaHuEeM (hIyopecleHT-
HbIX KaHajoB npubdopa JuLl Stage Real-Time Cell
History Recorder mamo BO3MOXHOCTb IIPOBOIUTH
aHaJlu3 COCTOSTHUS KyabTyp, Haxoasuuxcsa B CO,-
MHKyOaTope, B IIpoiiecce nx pocra. JmurenbHoe Ha-
OrofeHEe MO3BOJIWIO JETATbHO OLIEHUThH XapakTep
B3aumonelicteust MMCK ¢ kieTkaMy NepBUIHOM
KYJILTYPbI TUIIIOKaMIIa B 3aBUCMMOCTH OT BO3pacTa
KJIETOYHOI KyJbTypbl. Yepes 2 Heaen KyJIbTUBUPO-
BaHMSI C TpaHCTeHHOH KyabTypoii MM CK HaumHaioT
I depeHIMPOBKY B aCTPOLUMTHI, UMMYHHOIIO3M-
tuBHbIe K GFAP u K simepHOMy 4eloBEYeCKOMY aH-
TureHy. Mbl HaOJIIogaau IOsIBJIeHNE, Hapsiay C acT-
polLMTaMM, IIPOMEXKYTOYHBIX ACTPOHEMPOHATBHBIX
¢dopM, OMTHOBPEMEHHO UMMYHOITO3UTUBHLIX 1 K MAP2,
YTO IIPOMUCXOIUT Ha (pOHE MpOrpeccUpyIolleil rudemn
28-THEBHOM KYJIbTYPHI KJIETOK THUITIIOKAMITa TPaHC-
TeHHBIX MbIlIei (puc. 5a). PaHee HaMu ObLITO TTIOKa-
3aHO, YTO HAa 3TOM CPOKE KYJIbTUBUPOBAHUS KYJIb-
Typa, B OTJIMUME OT MOJIOAOM, XapaKTepu3yeTcs 3Ha-
YUTEIBbHBIM CHUXKEHUEM KJIIETOUHOM TJIOTHOCTU Ha
¢oHE MOBHILIEHUS ACTPOLIUTAPHOTO MHASKCA 3a CYET
YMEHBIIIEHUS KOJIMYECTBA HEMPOHOB 1 BO3paCTaHUS
yucia acTpouuToB [35]. Takoe cocTosiHME KyJIbTypbl
COOTBETCTBYET (paze acTpOIIno3a U rudean Herpo-
HOB IOJ BJIMSHUEM OeTa-aMWIouIa, KOTOPHIM Ha
3TOM CPOKE aKTUBHO MPOAYLMPYETCS KI€TKaMU TUTI-
ImoKaMma B KyJIbTypalibHylo cpeny. [lo-Bummmomy,
Ha 2TOM 3Talie pa3BUTUs HeWpoaereHepaTUuBHOIO
Mpoliecca B KyJIbType TakKe MPpOAYyLIUPYIOTCs (haKTO-
pol, criocoocTBytomue nuddepeHuposke MMCK B
actpouuThl. [Ipy 3TOM CTOUT OTMETUTh, YTO aHAIU3
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Puc. 3. INpenBapurenbHas o6padorka MMCK crpecc-6enkamu HSP70 1 YB-1 cHu>XKaeT MHTEHCUBHOCTh UX TMOEIU TIPU He-
MPSIMOM KYJBTUBUPOBAHUY C TPAHCTEHHOM KYJIbTYPOId.

a—e — PernpeseHratuBHBIE U300paxkeHus ¢ okpainuBaHueMm Hoechst 33342/PI. Illkana 60 MKM.

0 — Omnuue ot rpynnbl MMCK + Tg noctoBepHo nipu p < 0.05 (tect CthioneHTa—HbloMeHa—Keiinca).

BUOJIOTUYECKME MEMBPAHBI  Ttom 40 Ne 3 2023
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Puc. 4. Mopdonorust u anreauposanasie MM CK.

a—e — Penipe3eHTatuBHbIC N300paxkeHUss MOP(oa0ruu U KieTouHoi miotHoctt MMCK Ha cTekie Ipy HelnpsIMOM KYJIbTH-

BUPOBAHUM B pa3HbIX yciaoBusix. llkama 60 MKM.

d — Cpennsist mnotrHocTs MMCK B noJie 3peHust mpu KyabTuBupoBanuu B cpeie DMEM-F12, npu HenpsiMoM KyJ1bTUBUPO-
BaHUU C TPAHCTEHHOI KyJbTypoii u mpu o6pabotke MMCK YB-1 1 HSP70 ¢ mocieayiommm KyJIbTUBUPOBAaHUEM C TPAHCTEH-
HO KynbTypoii. * Paznuuus Mexny ykazaHHBIMU rpymnnaMu qoctoBepHsl mipu p < 0.05.

Puc. 5. Auddepennimposka MMCK B acTpOIIMTHI B CTapOit TPAHCTEHHOM KYJIBTYpE.

a — [1psiMoe KyJIbTUBUPOBAHME CO CTapoii TpaHCTeHHOH KynbTypoii (Mukpockor JuLl Stage Real-Time Cell History Recorder).
0 — Henpsimoe KyJbTUBHUPOBAHUE CO CTAPOM TpaHCITeHHOI KyabTypoil (Mukpockon Leica DMIL LED Fluo).

3eJIeHblii 1IBET COOTBETCTBYET MMMYHOIIO3UTUBHOCTH K MapKepy actpouutoB GFAP, kpacHbIM 11BETOM 0603HaYeHa UMMYHO -
MO3UTUBHOCTh K MAP2, CHHUM 1IBETOM — UMMYHOITO3UTUBHOCTb K MapKepy Ha siIepHbI YeJIoBeYecKuii aHTureH Anti- Hu-

man Nuclear. IIkana 60 MKM.

MPOAOIKUTEIBHOTO HEIPSIMOTO KYJIbTUBUPOBAHUS
MMCK co cTapoii HeiipoHaIbHO KyJIbTYpOIi TAKXKe
nokasan nuddepernnposky MMCK B acTpoimTsl
(puc. 56). TakuM obOpaszoMm, B cCTapbIX KyJIbTypax
TpaHcreHHbIX Mblei MMCK craHoBsITCST acTponu-
TaMU faxe 06e3 MPSIMOTO KJIETOYHOTO KOHTaKTa, 4To,
KaK MbI ITojlaraeM, CBsI3aHO, B IIEPBYIO oUepeb, C U3-
MEHEHMEeM coCTaBa KyJIbTypaabHOW cpelbl Mo Aeki-
CTBUEM >KU3HENESITeJIbHOCTU KJIETOK THMIIIoKaMma
TPAHCT€HHBIX MBILIECH.

JIOTIOJTHUTENILHO MBI MPOBEJIN JIUTEIbHBIA 9KC-
nepumMeHT, npu koropoM MMCK 6oiiee Mecsiia Ha-
XOJIWJIMCh B KYJbType KJIETOK TuMIokamna. bbuio
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rnoka3aHo, yTo MM CK ucnosib3yloT MbIIIMHYIO HEeH-
POINNAJIBHYIO KYJIBTYPY KaK CBO€0Opa3HYIO MOMI0X-
Ky IUISI CBOEM HNajbHEMINEN XMU3HEAeATECIbHOCTU U
yepes mecsll oyt Bce MMCK cTtaHOBSTCSI UMMY-
HOMO3UTUBHBIMU K MAP2, B OTHEIBbHBIX CIIydasix
OHU UMEIOT (POPMY KIIaCCUYECKUX HEMPOHOB (puc. 6).
Bo3moxkHo, OoJjiee MpOoaOKUTEIbHOE KYJIBTUBUPO-
BaHME IIPUBEIET K IOSBJICHUIO B KYJbTypaJlbHOM
MJIaHIIeTe HOBBIX HEMPOHOB 1 0OpPa30BaHUIO HENPO-
HaJIbHOM CETHU.

HMHTEpecHO OTMETUTDb, YTO B MOJIOAOI TpaHCTEeH-
Hoit KynbType MMCK ocTtaBanuce HeaguddepeHIIn-
poBaHHbIMU (puc. 7a—76) 1 c1OoCcOOCTBOBAJIM O0Opa-
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Puc. 6. Iuddepenunmposka MMCK B HelipoHBI B cTapoif TpPAaHCTEHHOM KYJIbTYpE MPU JUIMTEILHOM, 6ojiee Mecsiia MpsIMOM

KyabtuBupoBaHuu. Illkana 60 MkM.

a — U3obpakeHue ¢ Tpex ¢pIyopeCceHTHBIX KaHAJIOB, 6 — MMMYHOIIO3UTUBHOCTh K MapKepy HeiipoHoB MAP2, ¢ — uMMyHO-
MO3UTUBHOCTh K MapKepy Ha siIepHbIid yenoBedyeckuii aHTureH Anti-Human Nuclear, ¢ — UMMYHOITO3UTUBHOCTb K MapKepy

actpouutoB GFAP.

30BaHUIO Helpocdep M3 KIETOK TMIITOKaMITaJIbHOMN
KyJAbTyphl (puc. 7a—78, 8a). CTOUT OTMETUTD, YTO B
KYJIbTYPaJIbHOM IUIaHIIIETE IIPAKTUIECKN HE OCTACT-
cs1 CBOOOITHOM MO3aMYHOM KYJBTYPBI, M BCE KIJICTKH
MIEPBUYHOI KyJbTYphl TUIIIIOKAMIIA OKAa3bIBAIOTCS
coOpaHHBIMU B IUIOTHBIE Helpocdeprsl. Ha puc. 8
OoJsice moaApOOHO TIpeAcTaBjieHa MOP(MOJIOTHSI TaKOM
Helpocdepsl.

O6pabotka MMCK 6enkom YB-1 Takske npemnsiT-
crByeT nuddepenuuposke MMCK B acTpouuThHl B
CTapoii TpaHCTeHHOI KyabType (puc. 7e—7e) u mpu-
BOIUT K TOMY, UTO OHU COXPAHSIIOT CIIOCOOHOCTH
¢dopMupoBaTh HeOOJIbIINE HEMpochephl U3 KIETOK
KyJIbTYpHI (puc. 9u—9m). O6padorka MMCK Genkom
YB-1 nyrem n1o6aBjieHUs €ro B CpeAy KyJIbTUBUPOBa-
Hust MMCK ycunuBaeT ux 3¢pgekt Ha (popMUpPOBa-
HHe Helipocdep KaK B MOJIOJIOM, TaK M CTApO KyJIb-
Typax TPaHCTe€HHBIX MBI (puc. 99—93, puc. Yu—9m).
B cnyyae mpeaBaputenbHoit obpadotku MMCK
oenkom YB-1 HabGmopamocs ¢popMupoBaHue Oojee
KpPYMHBIX Helipocdep, KOTopbie Mbl CKJIIOHHBI pac-
cMaTpuBaTh Kak 3peibie Heiipocdeprl. [TomyueHHBIS
PEe3yIbTaThI B 1IEJIOM COOTBETCTBYIOT IPEACTABICHUIO

BUOJOIT'MYECKME MEMBPAHBI

o YB-1 kak o dakrope, ycunuparolueM npoaude-
pauuio U CIIOCOOCTBYIOIIEM AKTUBHOMY Pa3BUTHIO
KYJIbTYPHI.

[No-Buaumomy, B onpenesieHHbIX yciaoBussx MMCK
MOTYT BEeCTH ceOsI ITOTOOHO HEPBHBIM IIPOTCHUTOP-
HBIM KJIETKAM — KJIETOYHBIM IIITaMMaM MYJIbTUIIO-
TEHTHBIX KJIETOK, TeHEPUPYIOIINM BCE TUIIBI KJIETOK,
HEeOOXoaUMBIE IJTST IEHTPAITLHO HEePBHOM CUCTEMHI,
3a UCKJIIOYEHUEM MUKPODIUU. Y MIIEKOIIMTAIOIINX
nomJiepXaHue IyJia B3POCJIbIX HEPBHBIX IIPOT€HU-
TOPHBIX KJIETOK IIPOUCXOIUT B CYOBEHTPUKYISIPHOMN
30HE, TPaHMYAIIC ¢ OOKOBBIMU XEIyIOUYKaAMU, OT-
Kyla KJIETKM B OCHOBHOM MUTPUPYIOT B OOOHSITEIIb-
HYIO JIYKOBUILY, & TAKXE B CyOrpaHyJISIpHOi1 30HE 3y0-
yaToii pacum rurmrokamia. KiaeTku, BelAeIeHHbBIE
W3 3TUX HEMPOTEHHBIX 30H 1 IIOMEIIIeHHBIE B KYJIbTY-
panbpHBIe (DIaKOHBI, 00pa3yioT ITOAOOHBIE HEHpo-
cepbl, UTO yKa3bIBaeT Ha MX HEMPOTeHHBIN MTOTEH-
nuan. Heipocdepsl mnpencTaBiasioOTCs MHOTUMU
HMCCJICIOBATEISIMU KaK in Vitro-Moaeib SMOPHUOHAITb-
Horo HeiiporeHe3a. [1pu 3ToM B Helipocdepax npo-
HWCXOJISIT CJIOKHBIE IIPOLIECCHI, OOYCIIOBJIEHHBIE KaK
3peJIOCTHIO chepoOPMUPYIOIINX KIIETOK, TaK U MEXK-
Ne 3
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Puc. 7. MMCK ocratotcsa HeaguddepeHIMPOBaHHBIMU B MOJIOAOM TPAaHCTEHHOM KyJbTYpe, a TAKXe B CTapOi TPaHCTEeHHOMN
KyJIbType 1o aeiictsueM YB-1.

a—e — MMCK He nuddepeHInpyoTcs B aCTPOLUTHI B MOJIOJIONM TPaHCTEHHOM KyJabType, 2—e — MMCK He nuddeperHumm-
pYIOTCSI B aCTPOLMTHI B CTApOil TPAHCTEHHOM KYJIbTYpe Tof BiusiHueM YB-1. 3es1eHblii IBET COOTBETCTBYET MMMYHOITO3UTUB-
HocTH K Mapkepy actpouiutoB GFAP, kpacHbIM 11BeTOM 0003Ha4eHa UMMYHOTIO3UTUBHOCTh K MapKepy Ha SIepHBII YeJIoBe-
yeckuii antureH Anti-Human Nuclear, cMiHUM LIBETOM OTMeYeHHBI siipa, okpauieHHble Hoechst 33342, Lllkana 60 MKM.

Puc. 8. Opranuszanus Heiipocdep B MOJIOAOI TpaHCTeHHOM KyabType non BausiHueM MMCK + YB-1. lkana 60 Mkm.
a — CymmapHoe n3o0pakeHue ¢ TpeX (IIyopeCcleHTHRIX KAHAJIOB, 6 — KJIETOUHBIE siIpa, okpameHHble Hoechst 33342, ¢ — nMm-
MYHOITO3UTUBHOCTb K Mapkepy HeiipoHoB MAP2, ¢ — UMMyHONIO3UTUBHOCTb K Mapkepy actpouutoB GFAP.

BUOJIOTMYECKMUE MEMBPAHBI  TtoM 40 Ne 3 2023




228

YAIUIBITUHA u ap.

(.
e |
|

Puc. 9. Opranmszanust Heiipocdep B MOJIOAOM TpaHCTeHHOI KynbType mon BimstnueM MMCK u MMCK + YB-1 (cymmapHoe

M300paxeHue ¢ Tpex (hJIyopeCleHTHBIX KaHAIOB).

a—e — O6pa3oBaHue Helipochep B MOJIONOM TpaHCTeHHOM KynbType noxn neiictBueM MM CK. 0—3 — O6pa3oBaHue Heitpocdep
B MOJIOZOM TpaHCreHHOoi Kynbrype non aeiictBueM MMCK + YB-1. u—w — OGpa3oBaHue Helipocdhep B cTapoil TpaHCTEHHOI
KyabType non nevictrBueM MMCK + YB-1. 3esieHblii LIBET COOTBETCTBYET MMMYHOITO3UTUBHOCTH K Mapkepy actpouutoB GFAP,
KPacHBIM IIBETOM 0003HaYeHAa UMMYHOTIO3UTUBHOCTE K MAP2, cMHUM 1IBETOM OTMEYEHHI sipa, okpareHHble Hoechst 33342,

[Ixama — 250 MKM.

KJIETOYHBIMU B3aUMOJIEHCTBUSIMU U BIUSTHAEM MUK-
POOKPYKEHMS, YTO MPUBOIAT K OOHOBJIEHUIO ITyJIa
MPOTeHUTOPHBIX KJIETOK, MPOLYLUPYEMBIX HeEHpo-
cepaMu, UX KOMMUTHUPOBAHUIO U JaJIbHEHIIIEN MPO-
Judepaunu [36].

B ycnoBusix cpenst DMEM-F12 MMCK He cBoii-
CTBEHHO 0Opa3oBaHue Helipocdep. CTOUT OTMETUTD,
yto B Hammx yciaoBusgx MMCK takke He BXOIMIHN
B COCTaB Helipocdep, 0OAHAKO C TIOMOIIbBIO cieupu-
YeCKMX TOHKUX OTPOCTKOB (TsIKE€il), CTSTMBAIOLINX
pa3po3HEHHBIE KIIETKA MO3aMYHOM TpaHCTEHHOM
KYJIBTYPbI, OHU CIIOCOOCTBOBAIM (HOPMHUPOBAHUIO
Helipocdep. [lomyyeHHBIE IpU pean3alliyi IIPOTO-
KoOJla Heilipocdephbl NPeaCTaB/ISIIOT MHTEPEC B Kaue-
CTB€ MOTEHUMATbHONH MOIENN AJISI UCCIeOOBaAHUS
Cco3peBaHUsI, KOMMUTUPOBAHUs, IIpoiaudepanuu 1
I depeHLIMPOBKY KJIETOYHBIX KOJTOHMIA.

M3BectHO, uTo MMCK MOXeT peann3oBarbh He-
CKOJIbKO CITOCOOOB CB$I3U € KJieTKkamMu. B xone skcne-
PUMEHTOB MBI HaOMIOmaM, 4to yke 9epe3 3 4 MMCK
GOpMUPYIOT “TSKU” , KOHTAKTUPYIOIINE C KIETKaMU
TUIIIOKaMITa TPaHCTeHHBIX MbIleit (puc. 108). Dto
MOTYT OBITh TYHHEJIeOOpa3yIolIre TPyOKH, CII0Cc00-
HbIEe 00ecTieunBaTh Mepeaavy yacTeid IMToIIa3MaTr-
yeckoit MeMOpaHbl, KOMIOHEHTOB ILIMTOILIA3Mbl, a
TakXe BE3UKYJ W OpraHell, BKJoyas 1Leible MUTO-

BUOJOIT'MYECKME MEMBPAHBI

xoHapuu [37]. Apyrum crmnocodoM IpsiMOil KOMMYHMU -
Kaluu KJIETOK MOTYT ObITh 11I€JI€EBbIE KOHTAKTbl. M bl
HaOmonanu, yro Bokpyr MMCK, npenBaputeabHO
HaCBIIIEHHbIX KaJbLIEMHOM, TIPUCYTCTBYIOT KJIETKU
KYJBTYPbI CO CJ1a0biM (DJIyOPECHEHTHBIM CUTHAJIOM
(puc. 106). CraTtucTuyeckasi olieHKa MHTEHCUBHOCTH
3ejieHol ¢uryopecueHI oT MMCK 1 MecT B KyjIb-
Type Ha pa3zHoM ynajeHun or MMCK noka3zana no-
CTOBEpPHOE YBEJIMYEHUE MHTEHCUBHOCTU (hyopec-
LIEHIIUM BOKPYT KJIETOK, KOHTaKTUpylomux ¢ MMCK
(puc. 102). B nyHKax miaHIeTa, B KOTOPbIE BMECTe
¢ MMCK B KyabTypy H00OABIISLINA OJIOKATOP IIEJICBBIX
KOHTaKTOB KapOEHOKCOJIOH, TiepepacripenejieHue
WHTEHCUBHOCTHU (hJIyopeclieHLIMN KajlblieMHa He Ha-
OJroAaIu, YTO MOATBEPKIAET yYaCcTUE 1IEJIeBbIX KOH-
TakTOoB BO B3amMmoneiictBun MMCK c¢ kieTkamu
KyJIbTYpbI TUTITIOKAMIIA.

3AKJIFTOUEHHME

MMCK dgBisitoTCSI MEPCIIEKTUBHBIMU areHTaMu
IUIsl JIeYeHUs1 HellpoJereHepaTuBHbIX 3a00JIeBaHUM,
XOT$S1 MEXaHWU3M JIeUCTBUS TPAHCIUIAHTUPOBAHHBIX B
MO3T KJIETOK OCTaeTCsl He MO KOHIIA BBISCHEHHBIM.
B nanHOM MccnenoBaHMM MPOBEAEH NeTalbHbII aHAa-
3 cocTosTHUS yesioBeuecknx MMCK, BBeIeHHBIX B
Ne 3
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Puc. 10. IleneBble KaHaIbl U TYHHEbHbIE HAHOTPYOKU, 00pasdyeMble MMCK. IlIkana 60 MKM.

a — OTcyTcTBUE nepepaciipeneeHus 3ejaeHoi dayopecueHy oT MMCK K KieTkam KyJIbTyphl TUIIIIOKaMIIa MbIIIN (CUHSIST
dayopecueHIIUS TPUHAIJIEXKUT siapamM, okpaleHHbIM Hoechst 33342) B nmpucyTcTBUM G10KaTOpa I1IeJIeBBIX KAHAJIOB.

6 — 3aMeTHOe IiepepacIpenesieHue 3ejaeHoro kpacuteist o MMCK K KiieTkaMm KyJIbTYpHI.

B — ®opMupoBaHUe TYHHEIbHBIX HAHOTPYOOK (TToKa3aHbl cTpeioukamu) KietkaMu MMCK (3eneHast haiyopecueHIust).

2 — IHTeHCHBHOCTB 3es1eHO# (TyopecUeHIIMU KalblieMHa BOKPYT KJIETOK KYyJIbTYpPbl, KOHTaKTUpYytoumx ¢ MMCK: / — Kynb-
TUBMPOBaHKE MPU 100aBJICHHOM 0JIOKATOpE IEJeBbIX KaHAOB; 2 — KyJIbTUBUpOBaHUe O6e3 GiokaTtopa. * Paznuuue Mexmy

rpynnamu 1 u 2 noctoepHo 1ipu p < 0.001.

KYJIbTYPY KJIETOK TUIIIOKaMIla TPAHCT€HHBIX XXUBOT-
HBIX, XapaKTepU3YyIIUXCsl pa3BUTUEM Helpojere-
HepaTUBHOIO TIpoliecca ajblreiMepOBCKOIO THIIA.
Takasi xuMepHasi KjeTOuHasi MoOJeb ITO3BOJIMJIA
B 9KCIIEPUMEHTE OJU3KO BOCIIPOU3BECTU YCIOBUS
KJIMHUYECKOTO UCIOJIb30BAHUS 3TUX KJIETOK, a TaK-
K€ HccienoBaTh 0COOEHHOCTU KJIETOUHBIX B3aUMO-
NEUCTBUI TIpU MOPSIMOM M HENPSIMOM KJIETOYHOM
KOHTakTe. Hammum skcriepuMeHThl MOKa3blBalu, UTO
CITOCOOBI KYJIbTUBUPOBAHUSI BIMUSIOT KaK HA UHTEH-
CUBHOCTb W HampaBJIeHHOCTb IUddEepeHIIupPOBKU
camux MMCK (nuddepeHIIMpoBKa UX B aCTPOLIUTHI
U1 HEHPOHBI B CTApbIX TPAHCTEHHBIX KYJIbTYpax v OT-
cyTcTBUE IUPDEPEHIIUPOBKU B MOJOABIX KYJbTY-
pax), Tak 1 Ha MOp¢hodyHKIIMOHAIbHbIE XapaKTepU-
CTMKU U BBIXKMBAEMOCTb KYJIbTYPbl KJIETOK PELMITH-
eHTa (obpa3zoBaHue Helipocdep U3 KISTOK MOJIOAOM
KYJIbTYpbl TPAHCTE€HHBIX XMBOTHBIX MO, IefCTBUEM
opranusywuieit poru MMCK). IlonyyeHHbIe pe-
3yJIbTaThl paCIIMPUIN MOHUMAHNUE B3auUMOAEHCTBUIA
MMCK B xuMepHOI1 KyIbType, YTO B AajbHEHIIeM
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MO3BOJIUT YCOBEPIIEHCTBOBATH MTOAOOP YCIOBUIA IS
KJIETOYHOM Tepaluy MaTOJOTMYeCKUX IPOLIECCOB B
Mo3re 00JibHbIX BA 1 npyrux HelipoaereHepaTuBHBIX
32001€BaHUIA.

KoH(uukT uHTEpecoB. ABTOPHI 3asIBISIIOT 00 OT-
CYyTCTBUU KOH(IMKTa UHTEPECOB.

Wcrouynuku ¢punancuposanus. Pabora BelmonHeHa
npu nognepxkke rpanta PH® (ITpoekt Ne 18-15-
00392).

CooTBeTcTBHE NMPUHIUNAM 3THKH. DTa CTaThs HE
COIEepPXUT KaKMX-JIMOO MCCIENOBAaHUIA C ydacTHUEM
JIIOEH, BEIOJIHEHHBIX KEM-I100 13 aBTOpOB. ITomy-
yenne MMCK nipoBoauin nMeroniue CrielinaibHOe
paspeleHue sl II0I00HOro Bruaa padoT COTPYIHM-
ku ®I'BY “HauuoHaabHOro MEIUIIMHCKOTO MCCIIe-
JIOBATEJIbCKOTO LIEHTPa aKyIlIepCTBa, TMHEKOJOTUY 1
nepuHatonoruu nMeHu akagemuka B.M. Kynakosa”
MuHucTepcTBa 3apaBooxpaHeHus1 P® B pamkax 3a-
KJIIOUEHHOTO ¢ 3Toii opraHu3auueit Jloroopa. Mc-
cJieloBaHUE MPOBEIEHO B CTPOIOM COOTBETCTBHU C
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“IlpaBnmaMy IpOBEOCHMST MCCICIOBAHUN C DKCIIe-
pUMEHTaIbHBIMU XUBOTHbIMU (ITpuka3 MuH3znpa-
Ba Poccuu ot 12 aBrycra 1997 r. Ne 755). Bce nipouie-
Iyphl Ha MBIIIax ObUTM omoOpeHbl Komuccueir mo
ouobe3onacHoCcTU U 6uoaTuke (MHCTUTYT OMOopU3n-
KM KJIETKM — [TyIIMHCKMI HayIHbIA LIEHTP OMOJI0r 1~
yeckux mcciaenoBanuit PAH, paspemenue Ne 3 ot
12 utonsa 2020 r.) B cooTBeTCTBUU C MpeKTUBOI
2010/ 63/EC EBporieiickoro mapjaMeHTa.
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Interaction of Mesenchymal Stromal Cells with Primary SXFAD Mice Hippocampus
Culture Depending on Cocultivation Method
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In this work we studied the mutual influence of multipotent mesenchymal stromal cells (MMSC) isolated
from Wharton’s jelly of human umbilical cord and primary culture of hippocampal cells obtained from
transgenic mice SXFAD, used as an animal model of inherited form of Alzheimer’s disease (AD). Experi-
mental protocols included both direct and indirect co-cultivation of MMSCs with hippocampal cells from
transgenic animals. It was shown that in the conditions of indirect co-culture, the aggressive environment
of cultured transgenic cells significantly decreases the survival rate and adhesiveness of MMSCs. However,
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preliminary priming of MMSCs with proteins YB-1 and HSP70 improved the survival and adhesive prop-
erties of MMSC:s. It was also found that the interactions of MMSCs with cultured hippocampal cells de-
pend on cell culture age. Old cultures of transgenic cells induced differentiation of MMSC into astrocytes,
both during direct and indirect co-cultivation. In contrast, in young cultures of transgenic cells, during
contact co-cultivation, MMSCs played the role of specific strands that promoted clustering of hippocam-
pal cells in the culture and the formation of neurospheres. The interaction between MMSCs and neural
cells occurred through gap junctions and nanotubes. Our findings expand the understanding of interac-
tions between MMSCs and recipient cells, which allows us to revise the conditions of cellular transplanta-
tion therapy for pathological processes in the brain of AD patients.

Keywords: transgenic mice SXFAD, mesenchymal stromal cells, primary neuronal culture, hippocampal cell
culture, cell therapy
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