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MOJeNi AeMieniHi3alil B cucTeMi in vitro
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AKTYanbHiCTb BUKOPUCTAHHS afIEKBATHUX EKCIEPUMEHTATIbHUX MOAENEN ANF JOCTIXEHHS MEXaHi3MiB PO3BUTKY PO3CISHOIO CK/Iepo3y Ta
BI/INBY MEANKAMEHTO3HNX NPEnapatis Ha PemiesliHi3aLlito HePBOBUX BOJIOKOH 00YMOB/IEHA PO3MOBCIOAXEHICTIO L{bOr0 3aXBOPHOBAHHS, 5KE
YPaXye nepeBaXKHo /oAl MOAOAOIO BiKY.

METOH PObOTH 6yrno BianpayoBaty TOKCUYHY Kynpu30HOBY MOJESb B CUCTEMI in Vitro 3 NigTBEPAKEHHAM NPOLECIB EMIENIHI3aLii HepBOBUX
BOJIOKOH.

MATEPIAJIN TA METOLN. [ins pocnigxeHHs 0co6nMBOCTEN MPOLECIB MieniHi3auii Ta JemieniHidayii akcOHIB HelipOHIB BUKOPUCTOBYBA/U
KyJbTYDY AMUCOLIN0BAHNX KITITUH M0304Ka HOBOHAPOMKeHnX muiued niHii FVB/N Bikom 7 £i6. [1ns BUABNIEHHS MIEMiHOBUX 000/IOHOK BU-
KOPUCTOBYBANN TiCTOXIMIYHWI METOA iX (hapOyBaHHS 3a AOMOMOrot cyaaHa YyopHoro B. [lna ineHTueikauii onirogeHapounTiB npoBoANm
imyHouuToXimiuHe hapOyBaHHs KynbTypu Ha mapkep Olig2.

PE3YJIbTATHW. [pn BianpautoBaHHi TOKCUYHOI MOZENI BU3HA4YEHA LLINIbHICTb MOCIBY KIITUHHOI CYCneH3ii Mo30YKa, nigibpaxi ymoBu KymnbTu-
BYBAHHA ANCOUINIOBAHNX KJIITUH MO304Ka, JOCATHYTO BUXUBAHHSA ANCOLIIOBAHOI KY/IbTYPWU KIITMH M0304Ka [0 26-28 06U KYIbTUBYBAHHS.
3a f0MomMoror rictoxiMiyHoro mMerTogy hapbysaHHs MiATBEPAXEHO NPUCYTHICTb MPOLECIB MieniHi3ayii Ta Aemieninizayii 8 ymosax in vitro.
3a f0nomMoror iMyHOUMTOXIMIYHOrO hapOyBaHHS M0OKA3aHO, LU0 HEWPOTOKCUH Kyrpu3oH Mpu3BOANTL [0 3HMKEHHS KinbkocTi Olig2-
M03UTUBHUX ON1Ir0OJEHAPOLUTIB 3a YMOB 1Or0 BHECEHHS B KynbTypY ANCOLIIOBAHNX KIITUH MO304Ka Ha 18-Ty J06Y Ky/IbTUBYBAHHS.

BUCHOBKW. [Nigi6paxi yMoBU KynbTBYBAHHS AUCOLIIOBAHNX KIITUH MO30YKA MULLEH, MiATBEPAXEHO NPUCYTHICTb NPOLECIB MiENiHI3aLii Ta
Jemieninizaii B ymoBax in vitro, nokasaHo 3HWXeHHs KinbkocTi Olig2-no3uTuBHUX KIITUH 1PU BHECEHI B KyTbTypY AEMIENIHI3YI0H0ro thaktopa
Ha 18-Ty 406y Ky/bTUBYBAHHS.

KJIH0Y0BI CJI0BA: Kyripu3oH, MO3040K; Oir0AEHAPOUNTH; AEMIENIHI3ALS
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[lemieniHi3yroyi 3aXBOPIOBAHHSA — Lie HaNBiMbLL NOLIMPEHI 3aXBOPLO-
BaHHS LEHTPaNbHOI Ta nepudepnyHoi HepBOBOI CUCTEMU, Y AKUX OCHOB-
HUM NATOMOPAOIOriYHUM NPOSBOM € PYiHYBAHHSA MiENIHOBOI 0600HKM
HEPBOBMX BOJNIOKOH i, IK PE3YnbTaT, NOPYLIEHHs NPOBELEHHS HEPBOBUX
iMNyNbCIB Ta PyX0BOi aKTUBHOCTI [1-3].

[lo 4mcna HambinbLw pPO3NOBCIOMKEHUX AEMIeNiHi3yUMX 3aXBOPIO-
BaHb LieHTpanbHoi HepBoBoi cuctemmn (LHC), sKi ypaxaoTb nepeBakHO
ntofeit MONOAJOro BiKy, BiGHOCUTLCA PO3CiAHNIA cknepos [4]. BignosigHo
CYYaCHUM YABNEHHSAM, PO3CIIHNIA CKNEPO3 — MyNbTU(AKTOPHE 3aXBOPIO-
BaHH$, OJHIEI0 i3 BHYTPILLIHIX NPUYNH AKOTO € HAABHICTb NEBHOI CNAKOBOT
(iIMyHOTEHETUYHOT) CXMNIbHOCTI, aBTOIMYHHWX | TOPMOHaNbHKUX (0C065IMBO
CTepoigHnx) nopyLueHb [2]. [Ona LOCNIMKEHHS MexaHi3miB, fKi nexarb
B OCHOBI PO3BUTKY PO3CIHOTO CKNEPO3y, Ta MOX/MBOCTI OTPUMAHHA
iHbopMmaLii Npo HeraTWBHWIA BNIMB TOKCUYHIX areHTiB ab0 /151 CKPUHIH-
Iy TUX Y4 HLIKX NIKAPCbKMX CMNOJSYK Ta PO3PO6KM ePeKTUBHIX Teparnes-
TUYHUX CTPATerii 3aCTOCOBYIOTLCA BiJHOCHO NPOCTi MOJENi fIK B CUCTEM
in vivo, TaK i in vitro.
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ICHYIOTb 3anasbHi, TOKCWYHI, BIpYCHI Ta iHWi eKcnepuMeHTasbHi
MOZeni po3cisHoro cknepody. Cepen 3ananbHuUX Mojenen fK cTaHAapT
NS pO3PO6KM TepaneBTUYHUX CTpaTerii Ta TEeCTYBaHHA NiKapCbKuX 3a-
c06iB NpW aBTOIMYHHWUX 3aXBOPIOBAHHAX Hai4acTille BMKOPUCTOBYIOTb
MOJeNb eKCrepuMeHTanbHOro anepriYHoro eHuedbanomienity. BipycHa
mMoJenb — mMuwadnii eHuedpanomienit Teenepa (TME, Theiler's murine
encephalomyelitis), nepefn6ayae iH’ekuii ogHonaxuyorosoro PHK-Bipyca
B LHC, BHacnigok 4oro iHAYKYETbCS iMyHOOMOCEpefKoBaHa 3arubenb
onirogeHapoumTie [5]. Cepen TOKCMYHWX MOAeneii Bigoma mMoAenb no-
€[1HaHOI iH eKLIiT TOKCUHIB B CMIMHHWIA MO30K ab0 6iny pe4yoBuHy MO3Ky. 3a
[ONOMOroH0 Ljiei Mofeni BiATBOPIOKOTL AeMieniHi3aLito B 3a3ganeriab Bu-
3Ha4eHux ginsgHkax UHC wnsaxom iHayKyBaHHs 3armbeni oniroaeHapoum-
TiB (3 BUKOPUCTAHHAM G6POMUCTOrO eTULi0) Ta CoNtobinisavii membpanu
MI€ENiHY (3 BUKOPUCTAHHAM Ni30NETULMHY) Y MiCLi iH’eKLiT [5].

OcobnuBy yBary cepef TOKCMYHMX MOJeneid NpuBepTae Kynpu-
30HOBa Mofenb AemieniHidauii.  Kynpu3oH  [6iC(LMKIOreKcaHoH)-
oKcaningurinpason] — MmigHuin xenartop. flpu 1oro nepopanbHOMy



3aCTOCYBAHHi CMNOCTEPIraeTbCA anonTo3 3pifinx ONiroAeHAPOUMTIB i, AK
pesynerat, feMiesiHi3alis akCOHIB HEMPOHIB, YLIKOMKEHHS MITOXOHAPIA
0NiroAeHAPOLMTIB (LUNAXOM iHFiBYBAHHA LMTOXPOMOKCUAA3MN, MOHOAMI-
HOOKCMAA3K), akTuBaLis MiKpornii ronoBHOr0 MO3Ky (3a paxyHoK nocu-
NEHHA NpOoAYKLii TYMOPHEKPOTMYHOro (hakTopa-anbga Ta iHtepdgepo-
Hy-ramma). fpu BUKOPUCTAHHI KYNPU3OHY € MOXUBICTb MOLENOBAHHA
rOCTPOI Ta XPOHi4HOT pOpMm AeMieniHizauii, a TaKOXX BUBYEHHS (PaKTOpIB,
AKi BNNMUBAOTL Ha fie- Ta pemieninisauito [6-10].

Cnig 3a3Ha4nTy, WO HA AAHWIA Yac KyNbTUBYBAHHSA KIITUH i TKAHMH
€ OJHWUM i3 NPOrPECUBHNX AOCNIAHNLBKIUX METOAIB, AIKi 3aCTOCOBYHOTHCA
B 6ioXiMmii, KNITUHHIA Ta MONeKynapHiii 6ionorii. OCHOBHUMM nepeBara-
MW KYJIbTYPWU HEPBOBOI TKAHWHW | MOLENIOBAHHA Ti YLIKOMKEHHS in Vitro
€ BUBYEHHS 3aKOHOMIPHOCTEI HelporicToreHesy, B3aeMofii HepBoBUX Ta
rMianbHUX KNiTWH, 6€3N0CepeaHE LOCNIIKEHHS KOMMOHEHTIB KYNbTypu
3 BMKOPUCTAHHAM MIKPOCKOMIYHMX Ta eNeKTPOi3ionoriYHnx MeTofiB
JocnigKeHHs [2]. Hemae CyMHiBY y TOMY, L0 B CUCTEMI /N Vitro HEMOX-
NWBO BIATBOPUTH BCi NPOLIECH, AKi CNOCTEPIralTbCs HA MOAENAX in Vivo.
[TpoTe mogeni in vitro € KOPUCHUMN MOLENAMU, AKi LO3BONAOTb OUiHIO-
BaTW (PYHKLUIi KNiTUH Ta npoLecw, AKi BiAOYBaTLCA HA Pi3HUX eTanax
iX pO3BUTKY, 30Kpema 6e3nocepefHin BNANB AK LEMIENiHI3YIOUNX, TaK
i pemieninidytounx dhaktopis. Kpim Toro, Ha Mofensx in vitro MoXnueo
BMBYUTW MeXaHi3MK, MOB’3aHi 3i 3MiHamK B MieniHi3aLii Ta JesKumun ac-
nekTamu B3aeMofii KNiTuH Ta eqpekTy Liei B3aeMoZii Ha po3BUTOK 0Niro-
QIeHAPOLMTIB i, BIANOBIAHO, MieniHi3auito. Lli moaeni TakoX MatoTb BUPI-
LWanLHy nepesary, Hacamnepes, 3 OrnALY 3MEHLUEHHs KinbKOCTi TBApUH,
LLI0 BUKOPMCTOBYIOTLCA B EKCMEPUMEHTAX /N VivO.

Ha mopensx in vivo (Muwwi pi3HUX NiHiiA, Wypu nopoam Bictap) 6yno
NOKa3aHo, WO nicns NpUiAoOMy HERPOTOKCUHY KYNpU3OHY YNPOLOBX
4 TWXHIB BifOYBaETLCA AeMieniHi3auia 6aratbox AiNAHOK MO3KY: M030-
NINCTOrO TiNa, MO304Ka, rinokamny, Kopu, a TakoX 6inoi pe40BUHU CINH-
Horo mo3ky [8, 11-15]. Cnig 3a3Ha4uT, L0 MO304OK MAE HambinbLLy
KifIbKiCTb BOJTOKHUCTUX CTPYKTYP B MO3KY CCaBLiB, L0 pOBUTL 1Or0 BU-
riHUM Ta NPaKTUYHUM 06’€KTOM [N OLHKM Mieninizavii [16].

Tomy MeTor uiei po6oTi 6yN0 NiATBEPAUTN HAABHICTb NPOLECIB Mi-
€NiHi3auii HepBOBMX BOMOKOH Ta BUBYMTM NPAMY Ait0 [eMieNiHU3YH40ro
(hakTopa Kynpu3oHy Ha Moeni KynsTypu KIiTUH MO304Ka MULLEN B CUC-
Temi in vitro.

MATEPIANIX TA METOAU

Yci po60TH 3 eKcrepuMeHTaNbHUMI TBapUHAMU BUKOHYBanu 3 f0-
TPUMaHHAM 32KOHOLABCTBA i NpuHLMNIB 6i0eTukm: 3akoHy Ykpaitu «po
3aXUCT TBAPUH Bifl XKOPCTOKOro NoBOLKeHHs» (Bif 21.02.2006 p.), «€8-
ponencbKoi KOHBEHL,ii N0 3aXMCTy XPeBeTHUX TBAPUH, SIKi BUKOPUCTOBY-
I0TbCA 3 EKCMEPUMEHTANbHOIO Ta IHLLOK HAyKOBOK MeTot» (EBponei-
cbka KoHBeHuig, Ctpac6ypr, 1986 p.). [ing pocnimKeHHs 0c06IMBOCTEN
npouecis MieniHisauii Ta femieninisallii akCoHIB HEMPOHIB BUKOPUCTOBY-
BaNN KYNbTYpY AMCOLIAOBAHNX KNITUH MO304KA HOBOHAPOKEHNX MULLIEI
ninii FVB/N Bikom 7 pi6 (n = 27). EBTaHa3it0 HOBOHAPOMKEHUX MULLEi
3[INCHIOBA/MN LUNAXOM Nepefo3yBaHHs eqpipy MeANYHOr0 415 HApKO3y.

BuaineHHs mM0304Ka NpoBOAUAN B CTEPUNbHUX yMoBax npu +4 °C.
Mo3o40k 3aHyptoBanu 4o cepefosuLLa, ske Mictinio 90 % MiHimanbHOro
poctosoro cepegosuiia DMEM, 10 % iHakTuBOBaHOi npu 56 °C npoTs-
rom 30 XB cUpOBATKM KOHER, ritoko3mn (6 r/n), 100 oa/mMn neHiyuniHy Ta
100 mkr/mn cTpenTomiumHy (Bce — Sigma, GLUA). incouinoaHi KnituHu
OTPUMYBANN LUNAXOM NOAPIGHEHHS HOXMUAMWU MO304Ka B 0,25 % po3-
YuHi TpUNcuHy (Sigma, CLUA) nicns nonepefHbOro BifMMBAHHSA 3paskis
y po3unHi hocchatHo-conbooro 6ydpepa (®CB) 3 aHTWBIOTMKaMK
PenStrep (Sigma, CLUA). OTpumaHy CycneH3ito 3anuwanu Ha 5 xg npu
+37 °C npu NOCTINHOMY NepemiLLyBaHHi, Micns Y0oro nNpOBOAUIN Mexa-
HiYHY Aucouialito 3a 4ONOMOrot0 MineToK pisHoro Aiamerpy. Aucouiio-
BaHi KNITUHW MO304Ka NiLpaxoByBanu i NepeHoCUNIN Ana KynsTUBYBaHHS
B KYNbTypasibHi vawku [etpi giametpom 35 MM, nonepeaHb0 MNOKPUT
BOJHMM PO34MHOM Moni-L-nisuHy, 3i WwinbHicTio nocisy 3¢10° knitux/cm?
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Ta 2¢10% KNiTUH/CM2. KyNbTUBYBaHHS KNiTUH NPOBOAMNN Y CEPEAOBULL,
ske micTuno 90 % MiHimanbHoro poctosoro cepegosuiia DMEM, 10 %
CUPOBATKN KOHeW, rnoko3mn (6 r/n), 10 MKr/mMn iHcyniHy 3 6uyadoi nig-
wnyHkosoi 3ano3u, 100 og/mn neHiyunidy ta 100 MKr/Mn CTPENTOMILMHY
(Bce — Sigma, CLUA) 3a ctaHpapTHux ymoB B CO,-iHKy6aTopi npu Temne-
patypi +37 °C Ta 380N0XeHii atMocdepi 3 koHueHTpauieto CO, 5 %.

Ha ppyromy etani AOCRIMKEHHS NICAS TWKHSA  KyNbTUBYBAHHS
B KyNbTYPY M0304Ka BHOCMAM Kynpu3oH (Sigma, CLUA) y nosi 25 yM T1a
500 pM Ha fiBi roAvHM i NPOBOAUNN 3amiHy cepefoBuLia. Ha TpeTbomy
eTani 3acToCOBYBanu MeHLLY 03y Kynpu3oHy (25 pM) 3 Ginblunm Tep-
MiHOM iHKy6auii (48 rog) Ta ana 3’acyBaHHsA BNIMBY HEMPOTOKCUHY Ha
Pi3Hi eTann po3BUTKY ONirofeHAPOUMTIB KYNpuU3OoH AOLaBann Ha 7-my
1a 18-Ty B06Y KyNnbTUBYBAHHSA. KynbTUBYBaHHS NPOBOAMIOCS NPOTATOM
26-28 pi6 i3 3aMiHOK0 POCTOBOr0 CepeoBuLLa ABIYi HA TWXAEHb. Mpu-
XXUTTEBUIA CTaH Ta PO3BUTOK KYNbTUBOBAHUX KNITUH NPOBOAWNN 33 [O-
NOMOroK iHBepToBaHOro mikpockona IX71 (Olympus, AnoHig) y pexumi
(ha30BOro KoHTpacTy.

[ns BUABNEHHA Mi€NiHOBMX 060/10HOK BUKOPUCTOBYBANN riCTOXiMiY-
HUA MeTOoA papbyBaHHs 3a 4ONOMOIO0 XXMPOPO3YNMHHOIO 6apBHUKA CY-
JaHa 4yopHoro B. 3 uieto MeTol0 26-28 J060BI KYNbTypU KNiTUH MO304Ka
npommeanu ocgarHo-conbosum 6ycepom (PCB) Ta chikcysanm 1 %
po3yuHom napacdopmansgerigy (NM®A) Ha 0,1 M ®CE npoTarom ogHiei
roanHu. MoTiM nNpoBOAMNKM Aerigpatauito y BOAHUX PO3YUHAX ETAHONY:
25 %, 50 % Ta 70 % no 5 XBUAKH y KOXXHOMY po34uHi. ®ap6ysanu 0,5 %
PO34MHOM CcyfaHa YopHoro B (Chemapol Nordic, Yexis) Ha 70 % eTtaHoni
npoTarom roguHu. 3acapbosaHi KnitnHn 3HebapentoBanuy 70 % eTaHo-
ninpotarom 30 cekyHn. Perigparysanuy 50 % Ta 25 % BOAHMX PO34MHAX
eTaHony no 5 xeunuH. 3adpap6oBaHi npenapati AOCAIAXYyBanu 3a A0-
NOMOrow iHBepToBaHoro mikpockona Olympus IX71 y pexumi ¢hazosoro
KOHTpacTy (06’ektnem x10 Ta x20).

[ns ineHTudiKaLii onirogeHAPOLMTIB NPOBOANAN IMYHOLIMTOXIMIYHE
(hap6yBaHHs KynbTypu Mapkepom fiHii onirogenapoumtis Olig2. Knitu-
HU 28 [06K KynbTUBYBaHHA (ikcyBanu 4 % po34mHom MOA npoTdrom
30 xsunuH. Micnsa BigMueanHs Bif M®A KyneTypy KNiTUH 6r10KyBanu
y po34uHi 0.1 M ®CB (pH 7,4) 3 aoaasaxHam 0,5 % 61U4a40ro cupoBaTko-
Boro anbbymivy Ta 0,3 % Tputon X-100 (Sigma, CLLA). MpoTsrom 48 ro-
AuH npun +4 °C KynbTypy KNIiTUH iHKy6YyBanu y po34uHi NepBuHHNX MOHO-
KNOHanbHUX Kponsymx antutin go Olig2 (Chemicon, CLUA) B TuTpi 1:200.
[NepBuHHI aHTUTINA BidyanidyBanu BTOPUHHUMI QHTUTIIAMM NPOTYM KPONA,
KOH'torosaHumu 3 conyopoxpomom Alexa Fluor 488 (/nvitrogen, CLLA)
B TuTpi 1:1000. Aapa KNITUH KOHTpACTyBaK (hTyOPECLEHTHAM 6apBHN-
kom Hoechst 33342 (Invitrogen, CLLUA) B Tutpi 1:5000. OnTnyHi Aocni-
[DKEHHS NPOBOAMIIM 33 A0MNOMOrOH iHBEPTOBAHOMO (DNYOPECLIEHTHOIO Mi-
kpockona Axio Observer A1, o6naaHaHoro undposoto kamepoto AxioCam
ERc 5s i3 nporpamHum 3a6e3neyqeHHam ZEN 2012 i AxioVision 4.8, 3 Bu-
KopucTaHHaM (inbTpiB dioopecuenuii Ne21 HE gnsa Hoechst ta Ned6 HE
ans Alexa Fluor 488 (Zeiss, Himeyuuna). MNposoannu nigpaxyHoK KNiTuH
y 5 BUNAAKOBMX MOMSX 30pY KYNbTYPU KOXKHOI eKCNepUMEHTaNbHOI rpynu.

CTaTMcTMYHNIA aHania pesynstaTis NPOBOAUNM 32 JONOMOrOK METO-
4iB napameTpuyHoi (t-kputepiin CTbIOAEHTA) CTaTUCTMKU. Pi3HMLIO MiX
DOCNIKYBAHUMM MOKA3HMKaMKM BBAXKANN CTAaTUCTU4HO BIpPOTiAHOK Npw
3Ha4eHHi p < 0,05.

PE3YNIbTATU TA IX O6IrOBOPEHHS

1-it eTan - nigTBepMKeHHA npoveci mieninizauii. Ockinbku nepesa-
rO0 KyJbTUBYBAHHSA HEPBOBMX Ta rMiallbHUX KIITUH € MOXNNBICTb JOCAI-
[DKEHHS QUHAMIKK iX MOPONOrivHNX | (OYHKLIOHANBHMX 3MiH B NPOLIECI
po3BUTKY [2, 17], Ha nepLioMy eTani po60oTW Ans AOCMILKEHHS npoLe-
Cy MienoreHesy in vitro 3 MeTO0 NOAANbLUOr0 BUBYEHHS NPAMOI Lii Ha
HbOrO AEMIENiHI3Y040ro (hakTopa Mu Nigémpanu yMOBU KyNbTUBYBAHHA
ANCOLIN0BAHMX KNITUH MO304Ka HOBOHAPOMKEHNX MULLIEA. 30Kpema, B1-
3HaYanu LWiNbHICTb MOCIBY KNITUHHOI CYCneH3ii Ta NigTBepAXyBan Ha-
SIBHICTb NPOLIECIB MieniHi3aLii.
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OPHUTIHAJIbHI AOCTIAHEHHA

Yepes Te L0 AMcOUiaLif TKAHWHU MO304Ka CYNPOBOMXKYETHCH 3Mi-
HaMn POpPMU KNITWH, MOLLIKOIKEHHAM Ta 3arnbensiio K HepBOBKX, TaK
i rnianbHWX KNITWH, nicna aucouiauii, K BUAHO 3 pUC. 1, KNITUHKU Manu
oKpyrny chopmy 6e3 BigpocTKiB. MPUKpiNAeHHs KAITUH 40 cy6ecTpaTy BiA-
6ysanocs B nepLui 4 roAMHN KyrnbTUBYBAHHSA.

Hepes 20 rofuH KynbTUBYBAHHA Ta BNPOAOBX HACTYNHOI A06U Cno-
CcTepiranu no4atok hopmMyBaHHs BiApOCTKiB (pHC. 2).

SIK BUAHO 3 pUC. 3, npoTArom 4-6-i f06U KYNbTUBYBAHHSA 3 MOMEHTY
nociBy BiAPOCTKM KNITUH popmyBanu CiTKy. Taka KapTuHa 36epiranacs
BMNPOAOBX YCbOr0 TEPMiHY KYNbTUBYBAHHSA AMCOLA0BAHUX KMITUH MO-
304Ka (puc. 4).

[na mienivisauii HepBoBMX BiLPOCTKIB HEOOXiAHA NPUCYTHICTb 3pi-
NUX andbepeHLiitioBaHnX onirogeHapouutie. OnirogeHapounTi — nepu-
HeBpanbHi KNiTHM LIHC, sKi MieniHi3ytoTb akCOHM Ta NiACMIIOTL TpaH-
caykuito iMmnynbcis [18]. Bouu BigirpaioTe BaXNnUBY ponb Y 36epeXeHHi
XKUTTE3ATHOCTI Ta (PYHKLiOHYBaHHI aKCOHiB. Tpe6a 3a3HauuTL, L0 OUH
ONiroAeHAPOLMT MOXe MieniHiyBaTn A0 50 pisHuX akcoHiB. MieniHyto-
Yi onirofieHAPOLMTY BUPOONSIOTL 10 5-50410° MKM MeMOpaHu Ha 1o6y.
MigTpumka mieniHoBoi MeMOpaHN CKNaZaeTbCs 3 NOCTINHOTO YTBOPEHHA
Mi€SliHy, KOPenbOBaHOro 3 BUCOKUM PiBHEM eKCNpPeCii BiANOBIAHNX reHis
[19]. Okpim Toro, nnLe akcoHM AiameTpoMm 6inblie 0,2 MKM MalTb Mie-
NiHOoBI 060N0HKK [20].

Ha paHomy etani po6oTh ifeHTMdiKaLilo oNirofeHApOLMUTIB NPOBOAN-
NN 32 MOPCHONOriYHAMI 03HAKaMK 33 [OMNOMOroH (ha30BO-KOHTPACTHOMO
mikpockona. OnirofeHapouMT MatoTb CAEPUYHY ab0 MORIrOHaNbHY
CoMy Ta 6araTouucenbHi TOHKI BigPOCTKM, fKi po3ranyxytotbes [17].
Y 1968 poui Bat T2 iH. 32 MOpdONOriYHMMU 03HAKAMK Ta po3Mipamu ofli-
rofeHapoLnTie ab0 3a TOBLLMHOK Mi€NiHOBOT 060MOHKM, IKi BOHW YTBO-
PIOK0Tb, BUAINNAN 4 TUNU LMX MIENIH-CUHTE3YIO4MX KNiTUH [21]. | Tun —
Masli 3a po3mipammn KniTuHW, AKi (DOPMYIOTb TOHKI Mi€NiHOBI 060/1I0HKK
Ta nokpuBatoThb Big 15 a0 30 akcoHis, manux 3a giametpom. Il Ta lll — npo-
MiDKHI Tunm Ta IV TUN — BENWKi KNITUHK, AKi YTBOPIOKOTbL A0Bri Ta TOBCTI
Mi€NiHOBI 060MOHKM Ta NOKPMBatOTH BiA 1 40 3 BenuMKWX 3a AiameTpom
akcoHis. Mory Ta Leblond (1970 p.) 3a sgonomoroto hap6ysaHHs Mikpornii
Kap6oHaTOM cpibnia po3pi3HAnmM 3 TMNK ONiroAeHAPOLIMTIB: CBITNI, NOMIp-
Hi (MPOMi>XKHI) Ta TeMHi [22]. TeMHi ONir0AeHAPOLMTM MaIOTb HaiibifbLu
WiNbHY uMTONNA3MYy NPKU €NIeKTPOHHOMIKPOCKOMIYHOMY [LOCHIIKEHHI.
ABTOpW NpUNYCKawTb, WO CBIiTNi ONir0AEHAPOLMTA AKTUBHO AINATHCA
Ta TEMHIOTb, KON CTaK0Tb 3pinumu [23].

Cnia 3a3Ha4nTL, WO NpU NPOBEAEHHI NEPBUHHOI iaeHTMiKauii oni-
rofLeHAPOLNTIB B KYNBTYPI KITITUH MO304Ka Ha 6-Ty [OOY KyNbTUBYBaHHA
(He3anexHo Bif LWiNbHOCTI NOCIBY KNITUH) HamMn 6YNK BUSBNEHI KNITUHY,
AKi 32 MOP(ONOTiYHNMM O3HAKAMKU, MMOBIPHO, € HE3PINUMN ONIrofeH-
apouutamu (puc. 5, auB. c. 89).

Puc. 1. MikpodpoTorpadii AncouiinoBaHoi KynbTypy KNiTUH MO304Ka HOBOHAPOWKEHNX MULLei, 4 roau-
HU KyNbTUBYBAHHSA; (ha30Buit KOHTpAcT. LLinbHICTb nociBy KNiTUHHOI cycnenaii 3¢10° knituh/cm? (A)

1a 2+10° kniTnH/cm? (B).
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Puc. 2. MikpodpoTorpadis aucouiinoBaHoi
KYNbTYpU KIITUH MO304Ka HOBOHAPOKEHUX
muLLeid, 20 FOAUH KyNbTUBYBaHHS, (Da30BNil
KOHTpacT. CTpinkamn nokasaHo (opmyBaHHs
BiZIPOCTKIB

Puc. 3. MikpocboTorpadii aucouiinosanoi
KYNbTYpU KNITUH MO304Ka HOBOHAPOKEHNX
muLLeit, 6-a fo6a KynbTUBYBaHHS, (Da3oBnil
KOHTPACT: A — LWLiNbHICTb NOCIBY KNITUHHOI
cycneHaii 3+10%cm?, b — LWinbHiCTb nociBy
KNiTUHHOI cycneHaii 2¢108/cm?.

Puc. 4. MikpodoTorpadii aucouiioBaHoi
KYNbTYPU KITITUH MO304KA HOBOHAPOKEHUX
muLeit, 15-a fo6a KynbTMBYBaHHS, (pasosnil
KOHTpAcT: A — LWiNbHICTb MOCIBY KNITUHHOI
cycnenaii 3¢10%cm?, b — WwinbHicTb nocisy
KNiTUHHOI cycneHaii 2¢108/cm?.



OcCKinbKM rofnoBHOK (DYHKLIE ONir0AeHAPOLUTIB € (hOPMYyBaHHs
Mi€NiHOBOI 060JIOHKM HABKONO aKCOHiB, AnA Bidyaniauii MieniHoBuUx
060/10HOK M1 NpoBeNu hapbyBaHHA LUX CTPYKTYP CYAAHOM HOpPHUM B.
Sk BMAHO 3 puc. 6, y 26-0060Bii KYNbTYpi ANCOLIAOBAHNX KNITUH MO-
304Ka Hamu Gynu BUSBMEHI MieniHi30BaHi BoNoKHA. OCKinbKu npouec
MieniHi3auii HemMOXnuBi 6e3 3pinuX ONiroAeHAPOLUMTIB, MU MOXEMO
CTBEPKYBATH, L0 BUABNEHHS MIENIHOBUX 0B0SIOHOK aKCOHIB CBigYNTb
NPO NPUCYTHICTb 3PiNNX ONIrOAeHAPOUMTIB Y 26-0060BIA KynbTypi AnC-
OLiA0BaHMX KNITUH MO304Ka. He AMBNAYMCh Ha Te, LLO MW cnocTepira-
NN NPOLIeCH MieniHi3auii akCOHIB HEMPOHIB NPU Pi3HIN WiNbHOCTI NOCiBY
KNiTUHHOI CycneH3ii, B TOW e 4ac Npu BUKOPUCTaHHI 2¢108 kniTuH/cm2
MM crnocTepirany B noni 30py 6ibLUe MieNiHi30BaHUX aKCOHIB HEIPOHIB.

TakuM YMHOM, Ha JaHOMy eTani JOCAi[KeHb MOXHA BBaXaTw, LLO
B AOCTIIKYBAHIN KyNbTypi ANCOLIA0BAHMX KNITUH MO304Ka Bia6yBaETHCA
npouec MieniHizauii, AKniA HeMOXXNNMBMIA 663 3piNnX ONiroAeHAPOLNTIB.

Ha 2-my eTani HalmMx JOCNIMKEHb NS BUBYEHHS NPOLECIB AeMieni-
Hi3auii in vitro Mn 3acTOCOBYBaNM LEMIENiHi3y0uNiA DAKTOP KYNPU3OH.
Ha nepliomy eTani Hawwmx BOCMIIKEHb BXe Ha LWOCTY A06Y KYNbTUBY-
BaHHA NPK NPOBefeHHi NepBUHHOI iaeHTUIKaLIi KNITUH B AMCOLinoBa-
HI KynbTypi MO304Ka Hamu Gynu BUSBNEHI KNITUHK, AKi 32 MOpdoso-
FiYHUMKM 03HaKamu, AMOBIPHO, € onirogeHapounTamMu. [ns BUBYEHHSA
npamoi Aii AemieniHi3yto40i pe40BMHM B KyNbTYpY MO304Ka Ha 7-My 406y

www.transplantology.org

KYNbTUBYBAaHHS BHOCWAW Kynpu3oH y gosax 25 pM ta 500 pM. Ak BuaHo
3 PUC. 7, NpK 3aCTOCYBAHHI 103K Kynpu3oHy 25 pM cnocTepiranacs 4act-
KOBa [ieMieNiHizaLis HepBOBUX BONOKOH, TO6TO B NOAI 30py 6y BUSB-
NeHi AK MieniHi3oBaHi, TaK i AemieniHi3oBaHi HepBOBI BOMOKHA. 3 faHWX
niTepatypu BiZOMO, LU0 3aCTOCYBAHHA KYNPU3OHOBOI MOAENi NPU3BOAUTDL
110 3arnbeni oNiro4eHAPOLMTIB 3 NOAANbLIOK AeMieniHi3aLiet0 HepBOBMX
BONOKOH. byno nokasaHo, wo 06pobka KNiTWH Pi3HOK KOHLEHTpaLieto
KYNpU30HY He BMAWBAE Ha Nponichepauilo Ta BUXKMBAHHA MONepeaHN-
KiB ONirofeHapouUnTiB, B TOW Xe 4ac Kynpu3oH BUABNAE 3HAYHUIA BNUB
Ha 3pini onirofeHapounT 3 MOPEONOriYHUMN 3MIHAMWU MITOXOHAPIN
(36inbLUeHHS y po3Mipi a60 po3byxaHHs) [24] Ta 3HUKEHHAM MITOXOH-
ApianbHoro notexuiany [25]. TOKCU4HWIA BNAKUB CMOCTEPIraBcs BXe npu
[03i 25 pM. To6TO OCHOBHOK MILLEHHIO [/11 HEAPOTOKCUHY KYNPU3OHY €
3pini 0NiroAeHAPOUMTM, TOAI AK iHWI MMianbHi KNITUHW, BKIKOYAKOYM NO-
nepeaHnKIN OiroAeHAPOLNTIB, HEe 3MIHIOKTLCA 260 3MIHIOKTbCS He3Ha-
4HO. [Npwn 36inblUeHHi fo3u Kynpu3oHy Ao 500 pM Big6ysanacs nosHa
JemieniHisalis HepBOBUX BONOKOH 26 [O6OBOI KyNbTYpW AUCOLiA0BAHNX
KNiTUH MO304Ka MuLLen (puc. 8).

Takum 4MHOM, pe3ynbTaTi LMTOXIMIYHOTO [OCNIIKEHHs nigTeep-
QUNN NPUCYTHICTb MPOLECIB AeMieniHi3auii nig BNAUBOM KyNpU3OoHY
B YMOBAX /n Vitro. BCTaHOBMEHO [0303aneXHUA AeMieniHi3yo4nid BNanBs
KYNPW30HY Ha aKCOHW HEMPOHIB y ANCOLIROBAHIN KyNbTYPi KNITUH MO304Ka

Puc. 5. MikpodpoTorpadii gucouiinosaroi
KYNbTYpU KNITUH MO304Ka HOBOHAPOKEHNX
MuLeit, 6-1a fo6a KynbTUBYBaHHS, (Da3oBunil
KOHTpAcT: A, B — WinbHicTb NOCIBY KNITUHHOI
cycneHaii 3¢10%cm?; B, I — WWinbHicTb nocisy
KNiTUHHOI cycnenaii 2¢108/cm?; cTpinkamu
NO3Ha4YeHi KNiTUHW, NOAiIGHI Ha He3pini
0Nir0AeHAPOLNTH.

Puc. 6. MikpodhoTorpacis aucouinosaHor
KYnbTypK KIiITUH MO304Ka HOBOHAPOKEHUX
MuLLeit, 26-Ta 06a KynbTUBYBaHHS, hapoy-
BaHHSA Mi€NiHOBUX 060JIOHOK aKCOHIB CyLaHOM
4opHUM B, cBiTNOBa MiKpoCKonis.

Puc.7. MikpodhoTorpadis aucouinosaHoi
KYNbTYpU KIITUH MO304Ka HOBOHAPOKEHUX
MULLEI i3 BUKOPUCTAHHSAM KYNPU3OHY Y 803i
25 uM, 26-T1a f06a KynbTUBYBaHHS, hapoy-
BaHHSA Mi€NiHOBNX 060/1I0HOK aKCOHIB CyLaHOM
4opHUM B; cBiTnoBa mikpockonis.

Puc.8. MikpodhoTorpadis aucouiiioBaHoi
KYNbTYpU KITiITUH MO304KA HOBOHAPOKEHUX
MULLEN i3 BUKOPUCTAHHSAM KYNPU3OHY Y J03i
500 puM, 26-Ta fo6a KynbTMBYBaHHS, (Dap6y-
BaHHA MiENIHOBNX 060/10HOK aKCOHIB Cy[aHOM
4opHuM B; CBiTNOBA MiKpOCKONIA.
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HOBOHapOKEHNX MULLEN 33 YMOB BBELEHHS KYMPU3OHY Ha 7-My 06y
KYNbTUBYBaHHS.

Ha 3-my erani po6otu Ans SOCNILKEHHSA BNAUBY KYNPU3OHY Ha Ofi-
rOAEHAPOUMTH, AKi 3HAXOAATHCA HA PI3HWUX CTafisX CBOr0 PO3BUTKY, MU
MOPIBHIOBANN AEMIENiHI3YIOYNIA BNIUB KYNPU3OHY 3a YMOB [0[aBaHHS
110r0 Ha pi3HMX CTPOKAX KYNbTUBYBAHHS AUCOLiA0BAHOI KYNbTYpY MO30Y-
Ka, a came Ha 7-my Ta Ha 18-Ty 006y KynbTuByBaHHA. Ha ubomy eTani
LOCNIIKEHHS MW NPOBOAMAN IMYHOLMTOXIMIYHE 3a6apBiIeHHS NiHIAHUM
Mapkepom onirogeHapouutis 0lig2.

lMeped OCTaTOYHUM [03PiBaHHAM ONirOAEHAPOLMTU NPOXOAATb HO-
TUPK CTagii pO3BUTKY, L0 BU3HAYAETLCA 32 NPOABOM Pi3HWUX aHTUrEHHMX
MapKepiB, a TAKOX MITOTUYHOIO Ta MIrpauidiHOro cTatycy LuX KIiTWH.
KniTuHu-nonepeaHuKI oNirofeHApouMTiB PO3BUBAIOTLCS B BEHTPASbHIN
YaCTUHI HelipoeniTenito HePBOBOI TPYBKM HA paHHIX eTanax eMopioHanb-
HOrO PO3BMTKY, @ TOYHILLE — 3 JOMEHY NonepeaHNKa MOTOPHOrO HepoHa
(motor neuron progenitor domain, pMN); B CMUHHOMY MO3KY i B 3aiHbO-
MYy MO3KY (TefneHuedani) — Ha Ni3Hix etanax eMOpioHaNbHOTO PO3BUTKY,
a TaKOX B PaHHLOMY MOCTHATANIbHOMY XUTTI. Lli nponidpepatnsHi KNiTuHM
MIrpytoTb y 6iny peyvoBuHY, WO PO3BUBAETLCSA, BUXOAATL i3 KIITUHHOIO
LUMKNY, ANcepeHLiloTbCA B 3piNi 0NiroAeHAPOLMUTM i NOYNHAIOTL EKC-
npecyBaTtit acoujitoBaHi 3 mieniHom 6inkm [5].

Llogo cTagin andepeHuiavii onirogeH4pouuTie BiOMO, L0 nonepes-
HUKI ONiroeHAPOLMTIB MaOTh 6inonspHy MOPCHONOTito Ta eKCNPEecyTb
cneumdiyHi mapkepu ranrniosng GD3 1a npoteornikad NG2 (neuron-glial
antigen 2). MokasaHo, L0 Ui KNiTUHW aKTUBHO NPOSichepytoTh Ta BOJIO-
[i0Tb MirpauiiHuMKU BNAcTUBOCTAMM. Y cucTeMi in vitro npu LOAaBaHHi
B KynbTypy haktopa pocty hibpodnacTis (fibroblast growth factor, FGF)

Ta Tpom6ouMTapHOro pocToBoro aktopa (plateled-derived growth
factor, PDGF) nponicpepatvsHuii noTeHLian Lnx KNITUH 36iNbLIYETHCS.

HacTtynHa cTagis 0o3piBaHHA ONiroAeHApoLuMTIB — TpaHcdopmauis
B MPeonirofeHapounTy, ki 36epiraloTb BNACTMBOCTI KMITUHHOMO MoO-
Jiny Ta HabysatoTb Mapkep O4. Ha uiit cTagii kniTuHum manopyxnmsi ta
BTPayatoTb nponicepatmeHy Bignosiab Ha PDGF. [ani npeonirogeHapo-
UMT NepeTBOPIOETLCA B HE3PINMIA onirofeHapounT. Lis cTagis xapakre-
puayeTbes nossoto mapkepa GalC/O1 (ranaktouepe6po3ug) Ta BTpaTolo
ekcnpecii GD3 aHTureHiB Ha NMoBEpPXHi KNiTWHW. 3pini oniroAeHApoOLMTY
eKCnpecylTb KNiTHocneumndivHi ranakrouepebposnan GalC i cynba-
tmam SUL, a Takox mieniHcneuudiyHi 6inkun CNP (2,3-cyclic nucleotide-
3-phosphohydrolase), mapkep pospisaHHs onirofeHgpouutis  PLP
(proteolipid protein), mapkep AudepeHuiauii onirogeHapouutis MBP
(myelin basic protein), MOG (myelin oligodendrocyte glycoprotein), oauH
i3 paHHix mieniHcneumndivyHmux 6inkis MAG (myelin-associted glycoprotein)
[23]. MBP-no3uTuBHi 0Nir0AeHAPOLMTI KNacuikyoTbCA Ha TpU Karte-
ropii: Hemem6paHHi (non-membranous), Mem6paHHi (membranous) Ta
3 mieniHoBuMK nuctkamun (with myelin sheets). ®opmyBaHHS MeMOpaH-
HUX MIENIHOBMX NICTIB ONWUCAHO NINLLIE HA Mi3HIX CTafisx audepeHuiauii
onirogeHapouuTis [26-28].

Ak mieninisauis, Tak i pemieniHisauia BigdyBaTbCA Yepe3 aKTuBa-
Lit0 MieniH-6isIKOBUX reHiB, AKi IHAYKYIOTLCA PISHUMN TPAHCKPUNLIAHUMY
(hakTopamu. lMocnigoBHa akTuBaLis 6inka MieniHy KOpentoe 3 akTuaali-
€10 Ta raibMyBaHHAM [eKiNbKOX (DaKTOpiB TpaHckpunuii, Takmx gk Olig1,
0Olig2 Ta Nkx2.2 [29]. Olig2 HeobxigHwii ans nigTpumkn ekcnpecii MYRF
(myelin regulatory factor), skuii perynioe mieniHocouinosati 6inku MBP,
PLP1, MAG, CNP ta MOG, siKi MatoTb BUpiLLIANIbHE 3HAYEHHS MpPU YTBO-

--
A
--
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peHHi mieniHy [18]. Cnig 3a3HayuTu, wo Olig2 BUABNAETLCA HA Pi3HNX
CTafifX Po3BUTKY ONiroAeHAPOUUTIB: NonepeaHNKiB oNirofeHapOLuUTIB,
npe-oniroAeHAPOLMTIB, [103PiBAOYNX Ta 3PiNNX ONiroAeHAPOLUTIB.

B Hawwmnx gocnimkeHHsx 6yno BUABAEHO, L0 iCTOTHa 3arnbenb Olig2+
ONir0AeHAPOLMTIB MOPIBHAHO 3 KOHTPOJbHUMMW KynbTypamu (6e3 BHe-
CEHHS Kynpm30Hy) cnocTepiranacs TifbKW NpK 3aCTOCYBaHHI KYNpuU3oHy
Ha 18-Ty [06Y KynbTMBYBAHHA AMCOLINOBAHOI KYNbTYPU KIITUH MO304Ka:
3420,0 + 78,4 no 62,5 + 18,2 knituH (p < 0,05). Cnig 3a3Ha4nTy, L0 BHE-
CEHHs IeMieNiHi3y040ro grakTopa y Ui CTPOKM KYNbTUBYBAHHSA NPU3BENO
110 3HWKEHHS 3aranbHoi KinbKOCTi 1APOBMICHUX KNiTWH: 3 2381,1 £ 167,7
[0 663,0 £ 208,4 knituH (p < 0,05) (pue. 9, 11, gus. ¢. 90).

Cnig 3a3Ha4nTy, WO Bce 6inblue AOCNIAHUKIB BBAXAOTb PO3CiSHUIA
CKNepo3 HeilpoJereHepaTBHUM 3aXBOPHOBAHHAM. YLIKOMKEHHS HENpo-
HiB MOXE CMpUATM NOPYLLEHHIO CTPYKTYPM Ta (DYHKLiIOHYBaHHSA BiApOC-
TKIiB LMX KNITUH | pOPMYBaHHIO TaKUX HEBPOJIOTiYHUX CUMMTOMIB, Xapak-
TEPHUX [N PO3CISHOrO CKNepo3y NMOAMHK, 9K 3MiHM Nam’aTi, emouii,
iHTeNeKTy, BeretatueHi posnagu, Towo [3, 30]. 3HuMKeHHs 3aranbHOi

BUCHOBKU
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KiflbKOCTi ALPOBMICHUX KMITUH MOXHA NOACHUTU i 3arnbensiio HempoHiB
nif, BMXBOM KYMPU3CHY.

Mpw fofaBaHHi Kynpu3oHY Ha 7-My A06Y KyNbTUBYBAHHS ICTOTHUX 3MiH
KinbkocTi Hoechst* Ta 0lig2* KniTH NOPIBHAHO 3 KOHTPOJILHUMM KYNbTYpa-
MU BUSIBNEHO He 6yno: 2381,1 + 167,7 1a 2205,0 + 392,0; 420,0 + 78,4 Ta
493,0 + 41,0 kniTuH, BignosiaHo (puc. 9, 10). Takum ynHoM, 6ynu niaTBEp-
[DKeHi nonepeaHi AaHi Hawwx JOCAIMLKeHb Ta AaHi NiTepaTypu CTOCOBHO
TOr0, LU0 KYNPU3OH He NPU3BOAMTL [0 3MEHLLEHHS KiflbKOCTi 0/1iro4eHapo-
LNTIB, AIKi 3HAXOAATLCA HA PaHHIX CTagisX CBOr0 PO3BUTKY [24, 25].

Ha panuii 4ac Tepanisi po3cisHoro Cknepo3y cnpsiMoBaHa Ha NpurHi-
YeHHA IMYHHOI BigNOoBIAi Ta € NULLE NOMIPHO ePEKTUBHOI 3i 3HVKEHHAM
4acTOTW KMiHIYHUX PELMaMBIB, afie He CrOBINbHIOE NMPOrpecyBaHHs XBO-
po6u Ta He BNIMBAE Ha pemieniHizadito B LIHC. Tomy nowuyk ontumanbHmux
eKCMNepMMEHTaNTbHUX MOJENel ANst BUBYEHHS NpOLEciB Aemieninizavii Ta
pemieniHi3auii € akTyasibHUM NUTaHHAM Ta Mae BaX/NBE 3HAYEHHS Ans
BMBYEHHS NATOreHe3y PO3CIAHOM0 CKNepo3y Ta MOLUYKY HOBUX Tepanes-
TUYHUX NiAX0LiB NiKyBaHHA LibOr0 3aXBOPHOBAHHS.

1. lpu BigTBOPEHHI TOKCHYHOT KyNPH30HOBOI MOAENI IEMiENiHI3aLii BU3HAYEHa LYiNbHICTb MOCIBY KNITHHHOI CYCNEH3ii MO304Ka MuLLEH, nigi6pa-
Hi YMOBH Ky/bTUBYBAHHA ANCOIOBAHNX KNITHH MO30YKa, BOCATHYTO BUXHUBAHHSA KYNbTYPH KNITHH MO304Ka A0 26-28-1 106 Ky/bTHBYBAHHS.

2. [ligTBepAXeHO NPUCYTHICTb NPoLYEeciB MiENiHI3ayil Ta gemieniniayii akcoHiB HEAPOHIB B KyNbTypi KNITHH MO304Ka MULLEN B ymoBaXx in vitro.
3. BusaBnenuii J030-3aNeXHWIA JEMIENIHI3YHOYMIA BNNB KYNPH3OHY HA aKCOHH HEAPOHIB Yy ANCOLIAOBaHIA KynbTYpi KITHH MO304YKa HOBOHAPO-

N

JXEHNX MULLEA 33 YMOB BBELIEHHA KYNPH3OHY Ha 7-My JOBY Ky/bTHBYBAHHA.
4. lMoka3aHo, 140 Kynpu3oH MaE NPHrHivyoYMil BNUB Ha oNnirogexgpoyntn 18-i Jo6m KynbTHBYBAaHHA.
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