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KOMIO3unus, CHOCOBCTBYIOIIAA JTHOPEPEHIIMPOBKE U 3AIIIUTE HEPBHBIX
CTBO.JIOBBIX KJIETOK, H CIIOCOB HHAYIIUPOBAHUA HEMPAJIbHOM PETEHEPAIIAHA C
MNPUMEHEHHUEM YKA3ZAHHON KOMITIO3UI[UH
OBJIACTb TEXHUKHU

Jlannoe wm300peTCHHE OTHOCHTCA K CHOCOOY WHAYIMPOBAHWS HCHPOPETCHEPAIWH, BKIIOUYAOIICMY
eeAcHUe mHrHONTOpa MEK 1/2 manmeHTy, Hy»KZAFOINEMYCS B 3TOM, H K KOMITO3UIHH, COJACp/KAIlcii HHrHOUTOP
MEK1/2, nya npuMeHEHHS B BBIMICYKa3aHHOM criocode. B nanHOM m300perernn warnontop MEK 1/2 naymupyer
HelfpopereHepanmio ImyTeM Au((PEpECHIMPOBKH HEPBHBIX CTBOJOBBIX KICTOK B HEHPOHBI, 3aIIWTHl HEPBHBIX
CTBOJIOBBIX KJICTOK H HCHPOHOB OT HUTOTOKCHYCCKOTO 3((ekra OcTa-aMHIONIOB WM TOTO W Apyroro. JlaHHOC
H300PETCHUE TAKKE OTHOCUTCA K CIOCOOY 3aIUTHI HEHPOHOB OT YTPAThl WM IOBPEKACHHS, BKITIOYANOIICMY
BeeAcHHe mHTHOMTOpa MEK 1/2, M k kommosmmum, coxep:kameii marmomrop MEK1/2, mms mpuMeHeHHS B
BBIIICYKa3aHHOM criocode. KpoMe Toro, JaHHOE H300pETEHHE OTHOCHTCS K CIIOCO0Y MPEay IPESKACHHUS WK JICUCHHS
HEHpoACTCHEPATHBHOTO  3a00JICBaHUS BCICACTBHC YTPAaThl MM IOBPEKICHHS HEHPOHOB Y IAIWCHTA,
HYXIAIOIIEMyCsl B 3TOM, BKIIOUAaOmeMy BeeneHue mHrmomropa MEK 1/2, m k xoMmoswimwm, cofepskamei
uHruourop MEK 1/2, a7 mpuMEHEHHSA B BBIICYKA3aHHOM CIIOCO0C.

[IPEJIIIECTBVIOIIWIM YPOBEHh TEXHHKU

HetiponercHepatuBHBIC 3a001CBAHNIA, TaKHC Kak 001¢3Hp Apureiivepa (BA) u 6omesss [TapkuacoHa (BIT),
pacTpoCTpaHEHBI CPeH JHI MPEKJIOHHOTO BO3PACTa, W KOJIHYCCTBO NMALMCHTOB YBEIMYHBACTCS 3KCHOHCHIHATIBHO
CO CTapecHHEM HaceJcHHs. Kpome TOro, cooOmIEHHS O BHAAX HEHPOICTCHEPATHUBHBIX 3a00JCBaHHH C PAaHHAM
HAYaJIOM, BO3HHMKAIOIINX B MOJIOJOM BO3pAcTe, HE SBILTIOTCA PEAKOCTBIO. Takmm oOpazoM, OONbIION HHTEpeC
BBI3BIBACT Pa3pabOTKa JICUCHHS, KOTOPOE MOMOXKET OCTAHOBUTH IIPOTPECCHPOBAHIE 3a00JICBAHMS HIIH BOCCTAHOBUTH
TIOBPEKICHHBIC TKAHU MO3TA.

TouHBIC PUYMHBI TAKHX HEHPOJCTCHEPATUBHBIX 3a00JCBAHAN 10 CHX MOP HE YCTAaHOBICHBL. Ha maHHBIH
MOMCHT H3BECTHO, YTO MOBPEKICHHUE HEPBHBIX KJICTOK B ONPEACICHHBIX 00JACTAX TOJOBHOTO MO3ra (HampuMep,
THIIOKAMITC HJIH UCPHOM BEIIECTBE) MPHBOJUT K YMCHBIICHHIO KOJMYECCTBA HEPBHBIX KICTOK, IOSBICHHIO
Je(peKTOB HEHPOHHOW CETH, B PE3yJIbTATE HYET0 PA3BHBAIOTCI PAIHYHBIC CHMIITOMBI HEHpOJCTCHEPATHBHBIX
3a001eBaHUi.

HccnenoBanus, HANPaBICHHBIC HA IOWCK JICUCHHA, BEAYTCA B PA3IHYHBIX HampaBIcHIAX. B HacTtosmee
BpEMs JICKAPCTBEHHBIC CPEACTBA, NPCAHAZHAYCHHBIC I OOJNCTYCHHS CHMITOMOB, BKIIOYAIOT MEMAHTHH
(arTaronuct penentopoB NMDA), L-DOPA (nekapcTseHHbIl aHanor nodammuea) u ap. Jpyrue JekapcTBEHHbIC
cpeAcTsa 00NAMAIOT KPATKOCPOUHBIM JCHCTBHEM, WM IPH WX HPOAOCIDKUTCIHLHOM IPHMECHCHHH HAOIIOJAINCH
nobounsle 3(PQeKxThI, MO3TOMY 3aTPYAHUTEIBHO OXKHIATh OT HHUX JieueOHOTO J((eKra, KpoMe BpPEMECHHOTO
oOxyerueHus: cUMNTOMOB. Takmm o0pa3om, cymecTByeT Ooxmpmas mOTPEOHOCTh B OCHOBHOM  JICUCHHH,
HAIPAaBICHHOM HA MPHYHHY BOSHUKHOBCHHS HEHPOJACTCHEPATHBHOTO 3a00ICBAHHSL.

Hepeaeie creonoBeie kietkn (HCK) w nepsHbic mporcHutopHbie Kiaetku (HITK), kmeTkn, cnocoOHBIC
ma(depeHIMpPOBATECS B HEPBHBIC KJICTKH, NMPHCYTCTBYIOT BO B3POCIOM Mo3re. HepBHbBIC CTBOJIOBBIC KICTKH
MIPHCYTCTBYIOT B CYOBEHTPHKYJLIPHOW 30HE JATCPATbHOTO JKEIyIOUYKa H 3yOuUaTOW HW3BIIIMHE THIIOKAMITA, H

HMCHHO B JTO# 00Jactu HGﬁpOI‘GHGS NPOTCKACT HA MPOTDHKCHUA BCCH SKH3HH >KHBOTHOTO TOCPEACTBOM
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maddepenmmposke u npomudepaln HEPBHBIX CTBOJIOBBIX KIeTOK (Zhao et al. (2008) Mechanisms and Functional
Implications of Adult Neurogenesis. Cell 132:645-660).

INockombky TpH HEHPOJCTCHEPATHBHBIX 3a00JICBAHHAX HMPOHCXOJUT MOBPEHKICHHE M YTPaTa HEPBHBIX
KJICTOK TOJIOBHOTO MO3Ta, 3aMEHA MOBPEKIACHHBIX HIIH YTPAYCHHBIX HCHPOHOB HOPMANBHO (DYHKIIMOHHPYIOIMHA
HeifpoHamu 3a cuer cruMymimun HCK w HITK MmokeT OBITh OCHOBHBIM JICUCHHEM HEHPOICTCHEPATHBHBIX
3aboeBaHnil. JTOT CcmOCOO JCUCHHUS BKIOYACT CHOCOO JICHEHHS CTBOJOBBIME KieTkamu, mpu kotopom HCK u
HIIK BBIACTAOT W3 OPraHW3MAa MANHCHTA, CTHMYJHPYIOT K TU(P(QCPCHIHPOBKS B HCHPOHBI in Vitro W 3aTeM
MCPECAKUBAIOT 00paTHO marueHTam. OmHako cymecTyroT TpyaHocTd B BeiacacHud HCK u HITK y manueHTOB H
ux oOpatHO# mepecaake manmeHtam. Kpome Toro, tpancmuantuposanHsle HCK u HITK OpicTpo TepsroT CBOIO
AKTHBHOCTb B TOJOBHOM MO3IC, YTO TpeOyeT MOBTOPHBIX IEpecasok. B KauecTBe aibTepHATHBBI IEPECaTKe
HEPBHBIX CTBOJIOBBIX KJIETOK IAIMICHTaM HEAABHO OBII IPEIJIOKEH cIocod oOpa3oBaHHSA HEHPOHOB B TOJOBHOM
mosre manuenra myteM crumypinun HCK n HITK k auddepeHmmpoBke ¢ NPUMEHCHAEM JTEKAPCTBEHHBIX CPECTB
(Davies et al. (2015) Stemistry: The Control of Stem Cells in Situ Using Chemistry. J. Med. Chem. 58:2863-2894).

Bera-amunonn (APB) mpencraenser coboif menTHn H3 36-43 aMHHOKHCIOT, KOTOPBIH 00pasyercs B
Pe3yIBTATe PACHICIIICHAA OCITKA-TIPSAINCCTBCHHNKA aMuionaa (APP), waTerpaaproro MeMOpaHHOTO O¢mka 1 Thma,
0T BO3ACHCTBHEM [-CCKPCTA3BI H Y-CCKpPeTa3bl. Arperatsl O¢ta-aMuaonaa (AB) B BUAC PaCTBOPUMBIX OJTHTOMCPOB
ocra-ammnonaa (AP), a 3atem mpoTo(puUOPHILI, 0OPA3YIOT HCPACTBOPUMBIC (PHOPHILTEI AP, KOTOPHIC BIIOCICACTBHA
00pazyIoT B TOJIOBHOM MO3TE CKOIUICHHS B BHAC aMIJIOMAHBIX Oraniek. O1iokeHue A3 B TOJOBHOM MO3TE CBSI3aHO
C MOBPEXJCHACM CHHAIICOB, TIOBPESKACHAEM HEHPOHOB U aTpo(ueii TOTOBHOTO MO3ra M B KOHIIC KOHIOB IIPHBOIHT
K HAPYIICHHIO NMAMATH W KOTHHTHBHBIX (DYHKIWI, XBYM OUYCHb XapaKTCPHBIM CHMIITOMaM OOJe3HH AnbIreiiMepa
(BA). Cpenu pazmuusbix (opM AP pacTBOpHMBIC OJHIOMEPH! AP, B HaCTHOCTH TPHUMEPHI H TETPAMEPHI, CUHTAIOT
Hamnbosee TOKCHYHbIME (popmaMu Af}, acCOLMUPOBAHHEIMHA C AUC(YHKIHEH HEHPOHOB U MOBPEKICHUCM CHHAIICOB
(Murakami, (2014) Conformation-specific antibodies to target amyloid B oligomers and their application to
immunotherapy for Alzheimer’s disease. Biosci. Biotechnol. Biochem. 78(8):1293-1305; Jana et al. (2016)
Membrane-bound tetramer and trimer AP oligomeric species correlate with toxicity towards cultured neurons. J
Neurochem. 136(3):594-608).

[Tosromy 3ammra HelpoHOB 0T AP, ocobeHHO OT ommroMmepHbIX (opm AP, cumTaeTcs BO3MOKHOM
MunIcHsIO 11 icucHUA BA. Oqnako mamueHTH ¢ BA yike UMEHOT CEphe3HOC MOBPSKACHUC HCHPOHOB, IOATOMY JUIA
OCHOBHOTO JIcUcHHA DA TOMHMO 3amuTel HCHPOHOB HCOOXOAMMA PCTCHCpAaUusA HCHPOHOB 3a CUCT
(G depeHIMPOBKH SHIOTCHHBIX HEPBHBIX CTBOJIOBBIX KICTOK.

MEK (xwHa3a MHTOTCH-aKTHBHPYEMOW MPOTCHHKHWHA3BI, Takke m3pecTHas kak MAP2K mmr MAPKK)
SIBIISICTCS YYACTHHKOM CHTHAJNBHOTO IyTH MAP KnHA3Bl (MHTOTCH-aKTHBHPYEMO# mpoTewHKWHA3el, MAPK) (B
JAHHOM JOKyMcHTS o00o03HauacMoro kak «myTe MAPK/ERK»), npeacrasmamomero co0oi memb peakmui,
karammupyemsrx (pepmertamu Ras-Raf-MEK-ERK. TIpu CBA3BIBAHHH PA3TUYHBIX CHTHATBHBIX MOJCKYJ, TAKUX
Kak (pPakTOpBI POCTa, TOPMOHBI, INTOKUHBI | T.1., C PELECNTOPAMHA KJICTOYHOH MEMOPAHBI M aKTHBALMH PELECTITOPHOH
THPO3WHKHHA3bI npomcxoaut aktuBanusa ['Tdazer Ras, B pesymprare uero umromnazMmarmdeckmii 6emok Raf
peKpyTHpyeTca K KIeTOUHOH MemOpane. AxkruuposanHsii Raf mocnenoBatensro (pocopumipyer u akTHBHpyET
MEK u ERK, a aktuBuposanHas kuHaza ERK B CBOIO ouepenn TpaHCIOUPYETCS B SAPO U AKTUBUPYET Pa3IHUHbIC
TPAHCKPUITIHOHHbIC (PAKTOPHI. 3aTEM 3TH TPAHCKPHITIHOHHBIC (PAKTOPHI CBA3BIBAIOTCS C MPOMOTOPAMH PA3IHIHBIX

TCHOB, PCTYJIHPYA KICTOUHYIO mposmpepariro, u(HCpCHIMPOBKY H BELKHBACMOCTH. [IOCKOBKY B OIYXOJICBBIX
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KJIECTKAaX MPOHCXOANT THUnepakTuanus curHaidbHoro mytd MAPK/ERK, kuHa3bl CUMTAIOT BAKHBIMH MUIICHIMH
JUTA TIOJABJICHUS IPOTPECCHPOBAHMS PAaka U APYTHX MpoiaH(epaTHBHBIX 3200 TCBAHAH.

B cemetictee MEK wm3eectHO 7 OemkoB (MEK1-MEK7), w3 xotopeix Tomsko MEK1 uw MEK2
3a4cHCTBOBAHBL B MyTH nepegaun curHana Ras-Raf-MEK-ERK. Xora MEKI1 u MEK2 koaupyrOTCa Pa3sHBIMH
TCHAMH, OHH OOTAJAIOT BBICOKOM romMojorucii (80%) xak B o0mactu C-KOHIICBOTO KATAJTHTHYCCKOTO KHHA3ZHOTO
JIOMCHA, TaK ¥ B OoxpIncii yacTh N-KOHIEBOH peryiaaropHoii oomactu. HecMOTps HA TO, YTO OHKOTCHHBIC (hOPMBI
MEK1 u MEK?2 npn pakoBbIX 3a00JICBAHHAX UCTOBCKA HC OBLTH OOHAPYKCHBI, M3BCCTHO, YTO KOHCTHTYTHBHAS
axruanust MEK npusoaut k Tpanchopmanum kietok. Kpome toro, MEK Taxke MOKET aKTHBHPOBATHCS APYTUMH
onkorcHamu. [lostromy wmHrmOmposanme MEK1 w MEK2 wmcciaenoBamy B KaueCTBS MUINCHH NPH Pa3paboOTKS
MPOTHBOOIY XOJICBBIX JCKAPCTBEHHBIX CpeAcTB. IIpm 3TOM HedAcHO, kakyro ponas urparor MEK1 mw MEK?2 u myTts
MAPK/ERK B npomm(epaumn u nudPpepeHINPOBKE B3POCIBIX HEPBHBIX CTBOJOBBIX KICTOK.

Kpome Toro, HMErOTCs pPe3yabTaThl HCCICAOBAHUM, KOTOPBIC YKA3BIBAIOT HA CYIICCTBOBAHUE CBA3H MCKIY
myreM MAPK/ERK u AP nim Genkamu Tay B TOJOBHOM MO3TEe NMAnHEHTOB ¢ OomesHbpr0 Ambureiimepa (BA). K
CO’KANICHUIO, HESICHO, TpeOyeT i JeucHue BA akTuBanuy win HHrHOWPOBAHHS 3TOTO CHT'HATGHOTO MYTH, M MOKHO
I CBSI3aTh PETYIIMHI0 JAHHOTO CHTHAIBHOTO My TH C JieueHueM BA.

OnyOmMKOBaHEI JAHHBIC O MOBBIICHHOM YpOBHE 3kcmpeccnu 6enkoB mytH MAPK/ERK y maimmeHTOB C
OucHb paHHEll cramweil Oonesnm Axporeiimepa (Arendt et al. (1995) Increased Expression and Subcellular
Translocation of the Mitogen-Activated Protein Kinase Kinase and Mitogen-Activated Protein Kinase in
Alzheimer’s Disease. Neuroscience 68(1):5-18; Gartner et al. (1999) Elevated Expression of p2lras is an Early
Event in Alzheimer’s Disease and Precedes Neurofibrillary Degeneration. Neuroscience 91(1);1-5), wm
acconmarmu Mexay ERK1/2 w MEK1/2 ¢ rumepdoc popummposanneM OCka Tay B TOJOBHOM MO3TC HMALMCHTA C
6oxezupr0 Anbureiivepa (Pei et al. (2002) Up-Regulation of Mitogen-Activated Protein Kinases ERK1/2 and
MEK1/2 is Associated with the Progression of Neurofibrillary Degeneration in Alzheimer's Disease. Brain Res Mol
Brain Res. 109(1-2):45-55) u mossmmeHHOH 3kcmpeccun Ras w akrwBammm ERK1/2 B xietkax B103 (wretku
HCHPOOIACTOMBI MBITIH), KCOPSCCHPYIOIMUX Ocnok-npeamectseHHUK ammaonaa (APP) (Chaput et al. (2012)
SILAC-based Proteomic Analysis to Investigate the Impact of Amyloid Precursor Protein Expression in Neuronal-
Like B103 Cells. Electrophoresis 33(24):3728-3737).

[Ipu »>ToM, Apyrme wWcciaeAoBaHWSA NOKazaimw, uTo npu aktueaimum ERK1/2 mpomcxomut momaeicHHe
amonTo3a, WHAYIMPOBAHHOTO AP, W yMmeHpmacTcsa HakomicHue AP (Guerra et al. (2004) Plasma Membrane
Oestrogen Receptor Mediates Neuroprotection Against B-Amyloid Toxicity Through Activation of Raf-
1/MEK/ERK Cascade in Septal-Derived Cholinergic SN56 Cells. J. Neurochem. 91:99-109; Watson et al. (2005)
Macrophage Inflammatory Protein 2 Inhibits f-Amyloid Peptide (1-42)-Mediated Hippocampal Neuronal Apoptosis
through Activation of Mitogen-Activated Protein Kinase and Phosphatidylinositol 3-Kinase Signaling Pathways.
Molecular Pharmacology 67(3):757-765; Mills et al. (1997) Regulation of Amyloid Precursor Protein Catabolism
Involves the Mitogen-Activated Protein Kinase Signal Transduction Pathway. J. Neurosci. 17:9415-9422). Kpome
TOTO, OMyOMKOBaHEl maHHBIC, uT0 ERK1/2 CHIKACT aKTHBHOCTH 7Y-CCKPETA3bl, KOTOPAS BBI3BIBACT 00PAa30BaHIC
AP u3 APP u cumxkaer sxcnpeccuto u aktuBHOCT, BACEL (B-cekperassl 1) B YCIOBHAX OKHCTHTCIBHOTO CTPECca
(Tamagno et al. (2009) INK and ERK1/2 Pathways Have a Dual Opposite Effect on the Expression of BACEL.
Neurobiology of Aging 30:1563-1573).



4

Takum o00pa3zoM, HEOOXOOMMO TPOACHUTH, KaKyl poab wmrpact perymimus nytn MAPK/ERK u
nHruouposanne MEK B HelipoaercHepaTHBHBIX 3a00JCBaHHUAX, TAKMX Kak O0ne3Hb AnbureiiMepa, MOCKOIbKY HA
3TOT CYET CYHIECCTBYIOT MPOTHBOPEUUBHIC MHCHHS.

CVIIIHOCTH U3OBPETEHMSA
TexHI4IeCKAs 321244

ABTOpaM JAHHOTO H300PCTCHHA HECOOXOOMMO MPCAJIONHUTH CHOCO0 WHIYLHPOBAHHA HCHPOPCTCHCPALUH
nocpeacTsoM Tu((PepeHINPOBKH HEPBHBIX CTBOJIOBBIX KJICTOK B HCHPOHBI M 3AIMUTHI HEPBHBIX CTBOJIOBBIX KICTOK
u HelipoHOB 0T AP mpm momomm coeawHeHms, mHruoOmpyromero MEK1 m MEK2. Kpome Ttoro, aBropam
H300peTeHUsT HEOOXOIMMO MPEUIOKUTh CIMOCOO 3aIUTHl HEHPOHOB OT YTPAThl HIM TOBPEKICHHA H CHOCOO
TIPEAYNPEKACHHA WIH JICUCHHUS HEHPOJACTCHEPATHBHOTO 3a00JCBAHUS BCJCACTBHE YTPATHl HIHM IOBPESKICHUS
HEHPOHOB C HUCTIOIb30BAHUEM coecAMHEHN A, nHrnonpyromero MEK 1 n MEK2.

Pemenne 3axaun

ABTOpBI TaHHOTO W300peTeHHA OOHAPYKIIM, 4TO coexuHeHHe, wHruompyroomee MEK 1 u MEK2 (B
JAHHOM OmmrcaHuu o0o3HauacMoe «uHrudoutop MEK 1/2»), B 4aCTHOCTH, COCAWHCHUC, MPSACTABICHHOS DopMy IO
1, mMoxer >(QQekTHBHO HWHAYIHPOBaTh IHU(P(EPECHIMPOBKY HEPBHBIX CTBOJOBBIX KJICTOK B HEHpOHBI, Ooiece
KOHKPETHO, OHO 3aIlMINACT HEPBHBIC CTBOJIOBBIC KICTKH H HEHPOHBI OT OeTa-aMmiionga M B TO K& BpeMs
HHAYIUpyeT Au(epeHIHPOBKY HEPBHBIX CTBOJOBBIX KICTOK B HCHPOHBI.

[Popmya 1]

H

I F

OmH acmekT JAHHOTO W300PCTCHHA OTHOCHTCH K KOMIO3WIWH, WHAYLHPYROMCH au(QCpCHIMPOBKY
HEPBHBIX CTBOJIOBBIX KJIETOK, coaepxkameid cocauHeHne Dopmynsl 1. KoMIO3HIusA HE BBI3BIBACT Y HEPBHBIX
CTBOJIOBBIX KJICTOK OITyXOJICTIOIOOHOTO POCTA.

Kommoszunusa, wHaynupyromas auepeHOMPOBKY HEPBHBIX CTBOJIOBBIX KJICTOK, HHIYIHPYET
(G depeHIMpPOBKY HEPBHBIX CTBOJIOBBIX KICTOK B HCHPOHBI, JaKEC B MPUCYTCTBHH OCTa-aMHJIONIA.

Wanykums  auddepeHOMpoBKH B HEHPOHBI  MOJ  BJIWSHHCM  KOMIIO3HIMH,  HHIAYIHPYIOIEH
(G depeHIMPOBKY HEPBHBIX CTBOJIOBBIX KJIETOK, MOKET OBITh pesyibraroM naruouposanust MEK 1 n MEK?2.

JlaHHAs KOMIO3HITHA MOKCT BKIIOUATh KOHKPETHBIH mMHruOmTop MEK 1/2, oTimdHBIN OT cOeIUHCHHA
@opmynsl 1. JlaHHAA KOMIO3HIN HHAY HPYeT T (HepeHIMPOBKY HEPBHBIX CTBOJIOBBIX KICTOK B HEHPOHBI JaXKe B
MIPHCYTCTBUH OETa-aMHIOH/A.

Jpyroii acmeKT MAHHOTO H300PCTCHHA OTHOCHTCH K Croco0y Tu(P(PepCHUHPOBKH HCPBHBIX CTBOJOBBIX

KJICTOK B HCHPOHBI C IPUMEHEHUEM KOMIIOHIHH, HHAY IIUPYIOmeH qu(hepeHIMPOBKY HEPBHBIX CTBOJIOBBIX KICTOK.
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Cnoco0 au(pQepcHUHPOBKE MOKET MPCACTABIATHE CO000i 00pabOTKY HCPBHBIX CTBOJIOBBIX KIICTOK
KOMITO3HIMEH, HHAY upyromei au(hpepeHIMPOBKY HEPBHBIX CTBOJIOBBIX KJICTOK, H MPOXOXIACHHE OT 1 10 7 CYyTOK
JUIA 3aBepIICHUA TH(P(PCPCHUHPOBKH.

Jpyroif acmekT MaHHOTO W300PETCHUS OTHOCHTCH K cocamHeHMI0 Dopmynsl 1 11d NpHMEHEHHS B
HHAYOUPOBaHHH IH((GEPSHIMPOBKH HEPBHBIX CTBOJIOBBIX KJICTOK, B YACTHOCTH Uil NPHMCHCHHS B 3alIUTC
HEPBHBIX CTBOJIOBBIX KJICTOK H HEHPOHOB M AH((epeHIMPOBKN HEPBHBIX CTBOJIOBBIX KJICTOK B HEHPOHBI Ja’KE B
mpucyTCcTBUH OcTa-ammironia. Eime oauH acnekT TaHHOTO H300PETCHHS OTHOCHTCS K KOHKPETHOMY HHTHOHTOPY
MEK 1/2 ams mpuMeHEHHS B HHAYLUHPOBAHAUH AU(P(epeHIMPOBKH HEPBHBIX CTBOJIOBBIX KICTOK, B YACTHOCTH IS
TMIPUMCHEHMS B 3AIUTE HEPBHBIX CTBOJIOBBIX KJICTOK M HEHPOHOB M AU((PepeHIMPOBKE HEPBHBIX CTBOJOBBIX KICTOK
B HCHPOHBI AAKE B IPHCYTCTBHU OCTa-aMHJIOHAA.

Jpyroif acmeKkT MaHHOTO H300pPETCHHSA OTHOCHTCA K HAOOPY Ui NPHUMCHCHHS B HHAYLMPOBAHHH
Ta(p(CPCHIMPOBKH HCPBHBIX CTBOJOBBIX KICTOK B HCHPOHBI in vitro. JlaHHBIH HA0OpP MOKCT BKJIHOUATH
KOMITO3HIMIO, WHAYIUPYIOUMY au((EpeHIMPOBKY HEPBHBIX CTBOJOBBIX KICTOK, KYJbTYPAJbHYIO CpEAy,
IUTAHIICTHI, PACTBOPHI IS MOKPHITHS U T0OABKH, HEOOXOXUMBIC AT Ky TbTHBHPOBAHUS KJICTOK, TAKHE KAk (PaKTOPBI
pocTau T.Aa.

Jpyroii acmekT MaHHOTO H300pETEHHS OTHOCHTCA K Crmoco0y HHAYLHPOBAHMA HEHpPOpETCHEpaIWH,
BKIIFOYAIOIICMY BBCICHHE KOHKpeTHOro mHrmomropa MEK 1/2 mamuweHTy, Hy’KZaromemycs B 3ToM. B nanHOM
n3o0perernu uHrHONTOP MEK 1/2 mHaynmpyer HefipopercHepammio mocpeacTsoM Au(()epeHIMPOBKE HEPBHBIX
CTBOJIOBBIX KJICTOK B HCHPOHBI, 3AIIUTHI HEPBHBIX CTBOJIOBBIX KICTOK M HEHPOHOB OT IUTOTOKCHYECKOTO 3(dekra
Oera-aMunonIOB WM TOro W Apyroro. Hambomee mpeamoururensHbM mHruOmropom MEK 1/2 ama mawsOTO
cmocoba apmaeTcs coeauHeHHe Dopmymsr 1. JIOMOTHWTCTBHBIA ACTICKT JAAHHOTO H300PCTCHUSA OTHOCHTCA K
KoHKpeTHOMY wmHruomTopy MEK 1/2, B uactHOCcTH, cocamHcHMIO @opmynsr 1, 11 TOPHMCHCHHA B
HEHPOPETEHEPALUH.

Jpyroif acmekT JAHHOTO W300PETCHUS OTHOCHTCS K CHOCOOY 3amuThl HEHPOHOB OT YTPAThl WM
TIOBPEKICHHAS, BKIFOYAIOIIEMY BBEJACHHE KOHKpeTHOTO mHrHOmTopa MEK 1/2 manmuweHTy, HyXIaromeMycs B 3TOM.
Haunbonee nmpeamoururensapiM nHruouTopoM MEK 1/2 mns mansOTO cmocoba semsercs coeauacHue PopMy sl 1.
JlOTIOTHUTETBHBIA aCTIEKT JAHHOTO H300PETCHHUS OTHOCHUTCA K KOHKpeTHOMy mHrmOmTopy MEK 1/2, B wacTHOCTH,
coeauHeHHIO QopMy Il 1 0TI IPHMEHEHHS B 3aIUTE HEHPOHOB OT YTPAThI HIIH TIOBPCKICHHSL.

Jpyroif acmekT AAaHHOTO H300PETCHHS OTHOCHTCA K (papMaUCBTHYCCKOH KOMITO3HIMH, COACPKAINCH
cocaumHeHHe @opMmynel 1 B KauyecTBe AKTHBHOTO HMHIPEOMCHTA, I TPEAYNPEHKIACHHUS W  JICUCHUS
HEHPOIETCHEPATHBHBIX 3a00NCBAHUNH WM K CHOCOOY MPEAYNPEKIACHUA HIN JICUCHUS HEHPOJCTCHEPATHBHBIX
3ab0eBaHAH C UCTIONB30BAHUEM COCAMHCHUS PopMyIIHI 1.

HeiipoaereneparusHbic 3a007€BaHHMSA OTHOCATCS K (DYHKIHMOHANBHBIM HAPYIICHHSIM B Pa3IHYHBIX
CHCTEMaX, TAKUX KaK PETYJIIIHSI MOTOPHKH, KOTHUTHBHAA (DYHKIWS, (PYHKIUS BOCHPHATHS, CCHCOPHAS (DYHKIHS U
aBTOHOMHASI HEPBHAsA CHCTEMA, BCICACTBHEC YTPAaThl WIH CHIKCHHA (yHKmum HeiipoHOB. [IpmmMepsr
HCHPOICTCHCPATHBHBIX 3200 ICBAHMIT BKIFOUAIOT ACMCHIMNEO, 001e3Hb Amprreiivepa (BA), coCyicTy0 ACMCHITHEIO,
CCHUJTBHYIO JICMCHIHIO, JIOOHO-BHCOUHYH) acMcHImMEO (JIB/I), aemenmmro ¢ tempuamu Jlesm (ATJI), 6one3Hb
IMapxuacona (BIT), MHOKCCTBCHHYIO CHCTEMHYKO atpoduiro (MCA), xoprukobaszamsHyro acrcHepaumo (KB/I),
mporpeccupyronmii cynpanykincapasrii mapammd (I1ICTT), 6omesas XauturrroHa (bX), 60xoBoit aMuoTpOPuIeCKuii
ckimepo3 (BAC, Gomesusr Jly I'epura), mepsuuHbIfi naTepaipHbii Ckiacpo3 (IUIC), CHMHATBHYIO MBIIICYHYIO

arpoduro, mporpeccupyromuii 6y asdapusid mapamuy (I16IT), mporpeccupyromyr Mpnueunyr atpodpmro (IIMA),
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nceBA0OY TEOAPHBIN  Mapagny, HACACACTBCHHYKO crhactmicckyro mapamieruro (HCII), MO3KCUKOBYH) aTaKCHIO,
oone3up Kpeittugeasaa-sAxoda (BKS), paccesunsrii ckiaepos (PC), cuanpom 'nitena-bappe (CI'B) w .4,

Hpyroit koHkpeTHbIH wHrHONTOP MEK1/2, oTmmmeni ot coecauHeHns PopMmymsl 1, MOXKET BXOIWTH B
(hapManEeBTHYECKY IO KOMIIO3HIIHIO MOXKET HIIH HCTIOJIb30BaThCA B CIIOCO0E.

JIOOTHUTCIIBHBIH ACTICKT HACTOAIICTO M300PCTCHHA OTHOCHTCA K cocamHeHHro Qopmymsr 1 mma
TMIPUMCHEHMS B MPEAYTIPEKICHHA M JICUCHHH HEHpOJACTCHEPAaTHBHOTO 3aboyeBaHus. Kpome TOro, OH OTHOCHTCSA K
KOHKpeTHOMY mHruOmTopy MEK 1/2 nis mpumeHEHHA B NPEAYNPE:KICHHHM W JICUCHHH HEHPOJCTCHEPATHBHOTO
3a0071CBaHU.

JlpyToif acmekT HACTOSMINET0 H300PETCHUS OTHOCHTCA K CHOCOOY CKPHHHHIA COCIHHCHHH, KOTOPbIC
HHAYDUPYIOT T (EpeHIMPOBKY HEPBHBIX CTBOJIOBBIX KICTOK B HCHPOHBI M 3alIWIIAIOT HX B YCJIOBHAX,
HMHUTHPYIOMIMX YCIOBHS, CYINCCTBYIOINME IIPH HEHpPOACTCHEPAaTHBHOM 3a00JCBaHHH, TakOM Kak OOJIC3Hb
Axprreiivepa. Crioco0 CKPHHAHTA MO JAHHOMY H300PETCHHUIO BKIIFOYACT CTAWH:

1) 06pabOTKy HEPBHBIX CTBOJOBBIX KICTOK, BBIICICHHBIX Y B3POCIOH MBIIIN, BEMIECTBAMH, BBI3BIBAIOLIINMH
TMOBPC/KICHUC HCHPOHOB, TAKHMH Kak Octa-ammions (0COOCHHO B ero onmroMmepHoit (opme), MPTP (1-meTmn-4-
(erm-1,2,3,6-TeTparuAponupuANH), POTCHOH, okcuaodamuH, rayramar, LPS (mmomomicaxapuzn), S100B (S100
KaTbIHH-CBA3bIBarOIHil 6eok B);

2) noGaBieHUS HCCICAYEMOTO BEUICCTBA K HEPBHBIM CTBOJIOBBIM KJIETKAM, 0OpPaOOTaHHBIM YKa3aHHBIMH
BBIIIC BEICCTBAMH, BBI3BIBAIINIMH ITOBPCKACHIE HEHPOHOB; H

3) m3yueHms1 qudGpepeHIMPOBKU MM THOCIH HEPBHBIX CTBOJIOBBIX KJICTOK IyTEM aHAJH3a MOp(oIorim.

Janee 6yayT oapoOHO OTHCAHBI PA3THYHBIC ACTICKTHI U BOIIOIICHHA TAHHOTO H300PETCHHUSL.

B naHHOM ONWCAaHWH TCPMHH HCPBHBIC CTBOJIOBBIC KJICTKH» OTHOCHTCS K CIIOCOOHOCTH HETIPEPBIBHO
mpom)CPUPOBATh B HEAU(PPCPCHIMPOBAHHOM COCTOSHUH (CAMOOOHOBICHHC) H CTOCOOHOCTH K Au(PepeHIUpOBKS
B pa3IMYHBIC HCHPOHBI U TJHIO W3 OJHOH CTBOJIOBOM KJICTKH (MyJIbTHUIIOTCHTHOCTB). HepBHad cTBOJIOBAs KJIETKa
HMEET )KHBOTHOE MPOUCXOXKICHHE. TEPMUH GKHBOTHOC» OTHOCHTCS HE TOJBKO K HUCIOBCKY M MPHUMATaM, HO TaKXe
OXBATHIBACT TAKHX >KHBOTHBIX, KAK KOPOBBL, CBHHBH, OBII, JIOIIAJH, MBIIIH, KPBICH, KOIKH H T.JA., H
MIPEATIOYTHTEIBHO, MocH. B cinyyasx, koraa Hemob3yeTes TEPMUH «HEPBHAS CTBOJIOBAS KJIETKA», OH OXBATHIBACT
«HEPBHYIO IIPOTCHATOPHYIO KIETKY Y.

B nmamHoM wm300pereHmum TepMuH  «JuepeHIMPOBKA» OTHOCHTCS K PAa3BHTHIO KICTKH B
CHCIHATH3UPOBAHHYIO KIETKY. bolee KOHKPETHO, OH OTHOCHTCSA K MPOLECCY, NMPH KOTOPOM CTPYKTypa HIH
(D)YHKIMS KICTKH CTAHOBHTCS CICIHANH3HPOBAHHONW B PE3yJbTATE KJICTOUHOTO JACICHMS, mpoimeparun u pocra
KJICTKH, H K M3MEHEHIAM CTPYKTYPHI (Mop(oioruu) win (GyHKIHH KICTOK W TKAHEH A BBIMOJHECHHUS MPHCYINHX
nM  pyuxkimii.  JJud@depeHInpoBKE HEPBHBIX CTBOJOBBIX KJICTOK MPEANICCTBYET ACHMMCETPHYHOE JCIICHHC
MaTEPUHCKOH KJICTKH Ha JBC KICTKH, KOTOPBIC 00NANAI0OT PAa3IHYHBIMHU cBoiicTBamMu. OmHA W3 TOUYCPHHUX KICTOK
ABIIACTCA TaKOH JKC, KAK MATCPHHCKAA KICTKA, OCTABAsACH CTBOIOBOW KICTKOH, a apyras auddepeHmupyeTcsa B
CHCIHATH3UPOBAHHYI0 KIETKy. TOoT (akr, 4TO0 mpomecc Takoro AacHMMETPHYHOTO [JCJCHHSI COIPOBOMKIACT
ma(depeHIpPOBKY HEPBHOH CTBOJOBON KICTKH O3HAYACT, UTO «IU(PPepeHINPOBKA HEPBHOI CTBOJIOBOI KICTKID
BKITFOYACT 3HAUCHHC «IPOIH(pepanusDy.

B nauHOM HM300peTeHUH TEPMUH «Ipoau(epaImsy OTHOCHTCA K (DeHOMEHY, TIPH KOTOPOM KIIETKA ACTHUTCS
u mpou(epupyeT. IT0 B YACTHOCTH OTHOCHTCS K YBEIHUCHHIO YHCJA KICTOK TOTO SKC TUIA 34 CUET KICTOYHOTO

ACTICHHUSA, YBCTITHUICHHUIO KOJTHICCTBA KJICTOK 34 CUCT BOCITPOU3BOACTBA TOM ke camoi (I)OpMI)I KJIICTOK.
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B nmamHOM H300peTCHHM TEPMHH «3aIMUTa» OTHOCHTCA K NMPEAYNPEKICHHIO MOBPEXKIACHUA KJICTOK MOZ
BO3ICHCTBHEM TOBPS)KIAOIUX BHEIIHHX CTHMYJIOB, TaK YTO HEPBHBIC CTBOJOBBIC KICTKH MOTYT
mpoaupepupoBaTs win Au(depeHIUpoBaThcsa 0¢3 BOZHHKHOBCHHA KICTOUHOW ruOemd, a mau(()epeHUHPOBAHHEIC
HEHPOHBI MOTYT BBDKHBATH B TNPHCYTCTBHH IIMTOTOKCHYCCKHX (DPAKTOPOB, B YACTHOCTH, OCTa-aMHIOHIA.
[TpumennTenpHO K BA, TepMuH «3anmTa» B JAHHOM H300PETCHHH BKJIFOUACT 3AIMUTY HEPBHBIX CTBOJIOBBIX KICTOK
W HCHPOHOB OT MOBPCHKICHHA, BRI3BAHHOTO OCTA-aMIJIOWAOM, 34 CUCT YMCHBIICHAA cooTHOmCeHUT AP(1-42)/ AB(1-
40) B ronosaoM Mosre (Majid et al. (2015) Pharmacologic Treatment with Histone Deacetylase 6 Inhibitor (ACY -
738) Recovers Alzheimer’s Disease Phenotype in Amyloid Precursor Protein/Presenilin 1 (APP/PS1) Mice.
Alzheimers Dement. 170-181; Borchelt et al. (1996) Familial Alzheimer’s Disease-Linked Presenilin 1 Variants
Elevate AB1-42/1-40 Ratio In Vitro and In Vivo. Neuron. 17:1005-1013).

B 1aHHOM JOKYMEHTE TEPMHH IPEIYNPEKICHHE» OTHOCHTCA KO BCEM ACHCTBHAM, KOTOPBIC MOAABIIIOT
WIA  3aMCUDIIOT  TPOTPECCHPOBAHHEC  HEHPOJCTCHEPATWBHBIX  3a00JeBaHHil  Omarojapst — BBCACHHIO
(hapManeBTHYECKON KOMITO3UIUH 110 JAHHOMY H300PETCHHIO. «JIcUeHHEe» OTHOCHTCS KO BCEM ACHCTBHAM, KOTOPHIC
00JIErJar0T CHMITOMBI HJIM VJIYYMIAIOT IATOJIOTHYCCKOE COCTOSHHC V TMAILMEHTOB, Y KOTOPHIX NOAO3PCBAOT HITH
JUarHOCTHPOBAJIN HEHPOJCTCHEPATHBHOE 3a00JICBaHICE.

OxuH acmekT MAHHOTO H300PETEHHS OTHOCHTCA K KOMIIO3ZHIMH, WHAYLWpPYIOmEH xudQepeHIpoBKy
HEPBHBIX CTBOJIOBBIX KJIETOK, COACPKAIICH COCAUHEHHE, MpeaAcTaBacHHOE Dopmynoit 1.

[Popmya 1]

H

I F

OOmenpuHATHIM HANMCHOBAHHCM COCIMHCHWA, NPEACTAaBICHHOTO Bhimie Popmynoil 1, sBisercs
TpaAMCTHHHO, a Cro XHMHUYCCKAM  HAWMCHOBAHWCM  sABAfeTCA  N-(3-{3-muxmompormmun-5-[(2-¢rop-4-
noo(peHmT)aMuHO |-6,8-quMeTHn-2,4, 7-Tprokco-3,4,6,7-teTparuaporupuao| 4,3 -d | mupumuans- 1 (2H)-
yl}permmyaneramun. Ono packpeiro B Ilpuvepe 4-1 3aseku W02005/121142, rtae 3assurteneM sABmiercsa Japan
Tobacco Inc. Coennnenne @opmymnst 1 uarnoupyer MEK1 u MEK2, kommoneHTH curHamsHOTO Iy TH MAPK/ERK
(MHTOTCH-aKTUBHPYEMOIT MTPOTCHHKUHA3BI/ KHHABBI, peryaupyemMoi BHCKJICTOYHBIMH CHUTHANAMHU),
npeamecTtsyromue ERK. JlaHHOE COCAMHEHHE HCMOIB3YHOT B KA4EeCTBE MPOTHBOOIYXOJCBOTO CPEACTBA IPH
MCTAHOMC W HCMCITKOKJICTOUHOM pake. B HacTosmeMm H300pPCTCHHU Cr0 HCTONB3YIOT B (popmMe CBOOOJHOTO
OCHOBaHHA WIH (PApPMANCBTHYCCKA INPHEMJICMOW COJNHM HIH COJbBaTta. [lpuMepaMu BO3MOXHBIX COJBBATOB
SIBIIFOTCSL THAPATHI, AMMETHICYIb(POKCHI, YKCYCHAs KHCJIOTA, 3TAHOJN, HHTPOMETaH, XJIOpOeH301, 1-meHTaHOI,
H30TIPOIHJIIOBBIH CITHPT, 3THJICHITTUKO b, 3-METHI- | -0y TaHOT | T.1.

B uacTHOCTH, OJMH aCHEKT JAHHOTO M300pPETCHHA OTHOCHTCA K KOMIO3HIIHH, COACPKAINCH COCAMHCHHC
@opmynsr 1, KOTOpas Kak 3aIOUINACT HEPBHBIC CTBOJOBBIC KJICTKH M HCEHPOHBI, TaK W HHIYLHUPYET

mu(depeHIMPOBKY HEPBHBIX CTBOJIOBBIX KICTOK B HEHPOHBL OTIOXKEHHA OETa-aMIJIONIA B TOJJOBHOM MO3TE B BHJIC



AMHJIONIHBIX OJIMICK CBS3aHBI C NMOBPEKICHHEM CHHAINCOB, MOBPEXICHHEM HEHPOHOB W arpo(ucii TOJIOBHOTO
MO3Tra M, KaK H3BECTHO, B KOHCYHOM HTOTC BBI3BIBAIOT XaPAKTEPHBIC CHMITOMBI O0Ie3HH AbIrefiMepa, HapyIcHIE
MaMATH U KOTHUTHBHBIX (pyHKumi. Takum oOpa3om, 3ammTa HEPBHBIX CTBOJOBBIX KJICTOK H HEHPOHOB OT Oera-
aMHJION/IA TIPH PETCHEPAIH HEHPOHOB B pe3yabTarte Au(()CpeHINPOBKY SHAOTCHHBIX HEPBHBIX CTBOJIOBBIX KIECTOK
MOKET CTaTh OCHOBHBIM JICUCHUEM OONe3HU Abureimepa.

APB(1-42), cocrosammuii u3 42 aMHHOKHCIIOT, HMCST O0JICe BRICOKYEO TCHACHIIHIO 00PA30BhIBAT arperarhl 1o
cpasHeHHIO ¢ APB(1-40) u Gonee BHICOKYIO TEHACHIUEC 00Pa30BBIBATH O0JIEe TOKCHYHBIC TPHMEPHI HITH TETPAMEPBI U
MO3TOMY CYUHTACTCA TECHO CBS3AHHBIM C MATOJOTHYCCKAMH HM3MCHCHHAMH IpH GoneszHu Amnpnreiivepa. Takum
00pazoM, IPEITOUTHTEIBHON ABISECTCA KOMITO3HIMS, KOTOPAsT MOKET 3aIHINATh HEPBHBIC CTBOJIOBBIC KICTKH H
BBI3BIBATH HX AU (pepeHImpoBKy naxe B npucyTcTBun AR(1-42), ocodenno omuromepos AP(1-42).

C nenpro 0OHAPYSKCHAS KOMITO3HIMH, KOTOPAs BBI3BIBACT AH((HEpeHINPOBKY HEPBHBIX CTBOJIOBBIX KICTOK
MBI B HECHPOHBI, aBTOPHI M300pPCTCHHA HKCIICPHMCHTAIBHO TOATBEPIMIM, Kak NokazaHo B [Ipmmepax, uro
cocauHeHne Dopmynel 1 oueHp 3(PEKTHBHO B HHAYLUHPOBAHHH IH(MPECPCHIMPOBKH B HEHPOHBI HEPBHBIX
CTBOJIOBBIX KJICTOK, BBIICICHHBIX U3 TOJOBHOTO MO3TA MBIIIMHBIX YMOPHOHOB HIIH B3POCIIBIX MBIIICH.

HepsHbIe CTBOOBBIC KICTKH 00NAAAI0T CHOCOOHOCTHIO TH(PPCPCHIHPOBATHCA B PA3IMYHBIC HCHPOHBI HITH
B KJICTKH TJIHH, TAKHE KAK OJHTOACHIPOLMTHI, acTpouutsl M Mukpormmi CoeamaeHme Popmyibl 1 BBIZBIBACT
ma(depeHIMPOBKY  HEPBHBIX  CTBOJIOBBIX KJICTOK IPEHMYIICCTBCHHO B  HCHPOHBI M OTPAHHYIHBACT
maddepeHIpoBKyY B KIeTKH . TakuM obpasom, coenuHeHNe Popmysl 1 MoskeT 3P(EKTHBHO HHIYIIHPOBATH
o0pa3oBaHHC HCHPOHOB (HCHpPOTCHE3), TCM CaMBIM MO3BOJASA 3aMCIIATh 3THMH «HOBBIMI» HCHPOHAMH
TIOBPEKICHHBIC HCHPOHBI B TOJOBHOM MO3TE IALMCHTOB, CTPAJAIOINMX HEHPOACTCHEPATHBHBIM 3a00JICBAHHEM,
COTIPOBOXKIAOIIMMCS TTIOBPCKICHHEM HEHPOHOB, M MOKCT HMPHMCHATHCA B KAUECTBE JICKAPCTBEHHOTO CPEZCTBA,
KOTOPOC CTIOCOOCTBYCT HCHPATFHOH PETCHEPAINH, HITH HCHPOPCTCHEPALIHH.

Kak moka3aHo Ha KOHKPETHBIX IPHMEPAX B JAHHOM H300pPETCHHM, aBTOPHI H300pPETCHHS YCTAHOBHIIN B
SKCIIEPUMEHTAX in Vitro ¢ MPUMEHEHHEM OJIMTOMEPHOTO A, HMUTHPYIOIIMX YCJIOBHS B TOJOBHOM MO3IC MALHCHTOB,
CTpazaromux OO0Je3HBI0 AnbureiiMepa, uTo coeauHeHne PopMyIrsl 1 3amMINAcT HEPBHBIC CTBOJOBBIC KICTKH HIIH
HEHPOHBI 0T THOETH M HHAYIUPYET AU(PepeHINPOBKY HEPBHBIX CTBOJIOBBIX KJICTOK B HEHpOHEI (Pur. 2).

Kpome TOro, OmWH acmekT MAAaHHOTO WM300PETCHHS OTHOCHUTCA K KOMIIOZHIWH, HHIYIUPYIOMEH
mu(depeHIPOBKY HEPBHBIX CTBOJIOBBIX KICTOK, COACpKaNIeH KOHKPETHOE coeauacHue, nHrnounpyromee MEK1 n
MEK2. B nganHOM wn300peTcHHH coeauHcHHWE, kotopoe mHrmompyer MEK1 m MEK2, tarxke o0o3Hauaercs
«uraruouTop MEK 1/2». «HMurnourop MEK 1/2» npexmourntensro mMmeer 3HadeHume [C50, Haxomsmeecs B
HAHOMOJIIpHOM nwama3ore, u 3HaucHma 1C50 mgma MEK1 w MEK?2, pasmmuarommecs meaee yeM B 10 pas,
TIPEATIOYTHTEIBHO, MEHee YeM B 5 pa3z. 3Hauenus 1C50 mras MEK1 u 2 MOKHO H3MEpATH COcOOaMH, ONIHCAHHBIMH
B myOimKamusax, Takux kak [Yamaguchi et al. (2011) International Journal of Oncology 39:23-31]. Marudurop
MEK 1/2, XOTOpBIif MOKST HCIIOJIB30BATECA B JAHHOM H300PCTCHHH, MPSACTABIACT CO00# COCIWHCHHE, KOTOPOC
HHAYIUPYET TU(PepeHIIMPOBKY HEPBHBIX CTBOJIOBBIX KICTOK B HEHPOHDI, PH 3TOM 3aIIHINAS HEPBHBIC CTBOJIOBBIC
KJICTKH M HEHPOHBI OT TOKCHYECKHX BEUICCTB, TakuX kKak AP. Ilpumeps! marudoutopos MEK 1/2, kotopsie MoTyT
HCIIOJIB30BaThC B JAHHOM W300pPETCHHM, SIBILTIOTCS CICAYIOIMMMH: TpaMmeTuHuO, mmmaceptnd (AS703026),
AZD8330, ommmmernnO (MEK162, ARRY-162, ARRY-438162), pepamerunnd (RDEA119, Bay 86-9766),
PD318088, PD0325901, RO5126766.

XuMHYeCKast CTPYKTypa NpeanouTuTedabHbIx uHruouropos MEK 1/2 w sravenmsa ux IC50, a rtaioxe

myOJIMKanyy, TAC ONMUCAHBI ctoco0BI M3MepeHus 3HaucHni [C50, mpuBeCHB! HIDKE.
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Hanmenosanue Xumuueckad CTpyKTypa 3nauenue IC50 mt MEK 1,
MEK?2
(cchImka Ha crmocod
onpeacacHus 3HaueHu 1C50)
TpameTurano H 0,92 ~ 34 M
ﬁr (International Journal of
O Oncology 2011;39:23-31)
o X N._.O
N = N.
I F
[MumacepTud <1 mxM
(AS703026) oo (US 2009/0093462, Ta6mmua I,
F Oy N~ -CH Tpuvep 115)
H
N s
L.
| N
AZD8330 78M
(AACR Annual Meeting, 2009,
Abst 3696)
Burmmernand (ARRY- Br 12 iM
162, ARRY-438162) (American College of
Rheumatology, 2006 Annual
F F Scientific Meeting, Abst 794)
N MNH
¢ H
O
Pedavernrntd MEKI1: 19 1M, MEK2: 47 sM
(RDEAL119, Bay 86- A/Y\DH (Cancer Res.
9766) O:ES OH 2009;69(17):6839-47)
Q NH F
..-"D
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PD318088 OH 1,4 EM
H o (WO 02/06213, TIpamep 40)
a7 F
H
OH M
Br F
F
PD0325901 3,6 ~24 =M

(Oncotarget 2012;3:1533-1545)

RO5126766 160 aM
(CH5126766) (Cancer Res. 2013;73(13):
4050-4060)

Kpome Toro, oaWH acmekT NAHHOTO H30O0PETCHUS OTHOCHTCS K KOMITO3HIH, COACP)KAINCH HHTHOHTOP
MEK Y5, mist nudepeHIMPOBKH HEPBHBIX CTBOJOBBIX KJICTOK B HEHPOHBI IIPH 3alIUTEC HEPBHBIX CTBOJIOBBIX KICTOK
" HEHPOHOB 0T OeTa-aMuIIonAa, 0COOEHHO oymroMepHOi opmsr AP(1-42).

[Tpumenenne cenexrusHOTO HETHONTOpa MO0 MEK 1, :mbo MEK?2, a He warnouropa MEK 1/2, xoTopsrit
maruoupyer MEK1 um MEK?2, HexenaTedpbHO, MOCKOJBKY €ro WHAYIHpYIOmas au((hepeHIHUPOBKY HEPBHBIX
CTBOJIOBBIX KIICTOK AaKTUBHOCTh sBISICTCS ciadoii. Hampmmep, kobumermHn®O mpexcrasimter coboii MEKI-
CCJICKTHBHBIH HHIHOHWTOP, CENCKTHBHOCTH KoToporo B otHomeHnn MEK1 B 100 mmm Gomee pas Bwlme, ueMm B
orHomeHnn MEK2 (MEK1 IC50 = 0,95 aM, MEK2 IC50 = 199 #M; Molecules 2017;22:1551). B otmume or
uHruouropa MEK 1/2, koOnmernHHO He MHAYDHpPYET Au((HEPSHIMPOBKY B3POCTBIX HEPBHBIX CTBOJOBBIX KICTOK
MBIIIHY JAKE B BRICOKOI KOHICHTpaunu 10 MkM, HE3aBHCUMO OT BO3ACHCTBIA OcTa-amminonna ([Ipumvep 7).

Tor ¢akr, uro warnOuposanne odonx MEK1 m MEK?2 BoeneueHo B nuay kim0 quddepernnposkn HCK B
Heifpons! m 3amury HCK w HeliponoB, OBIT Takke MOATBEPKACH SKCHepuMeHTampHO B [lpmmepe 5. B atmx
JKCcTIepuMenTax uenoab3oBamd shRNA (koporkyro mmuneunyo PHK) nns warnOuposanus skcnpeccun MEK1 n
MEK?2 u ucnonpzoBamu miaa3Muabl ¢ KOHCTHTYTHBHO aktusHOii MEK1 (CAMEK]) u KOHCTHTYTHBHO aKTHBHOH
MEK2 (CAMEK?) mnsa akrusarmn sxcnpeccud MEK1 u MEK2 (TTpumep 5).

Onnaxo He Bce mHrnOuTOps! MEK 1/2 nemoHCcTpHpyIoT Takoi ke 3¢dexr. Hampumep, narnduropsrt MEK
172 U0126, PD184352 u BI847325 nemoHCTpHpOoBaiy c1ab0 BHIPAKCHHBIN HHAYDUPYOAH Aup(hepeHIHPOBKY
HepBHBIX cTBOJIOBBIX KieTok (HCK) B Heliponsl 3((eKT WIM BBI3BIBANH OHUTOTOKCHYHOCTb, YTO ACHAN0 HX
HENPHTOAHBIMU [UIA NMPUMCHCHHA B KAUECTBE HHAYLHpPYIOMEH Tu(pQepeHIMPOBKY HEPBHBIX CTBOJOBBIX KICTOK

KOMIO3HIMH 1O JaHHOMY m300percHu0 (Pur. 10a w @ur. 10c). Takum o0pa3oMm, HWHIYHPYOMIAA
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maddepermmposky HCK axtuerOCTS mmm 3ammmaromas HCK w HEHpOH akTHBHOCTh MOSKET Pa3IMyaThCs B
3aBHCHMOCTH OT YHUKAJIBHBIX CBOHCTB, KOTOPBIMH 00JaacT COCAMHCHHE IIOMUMO ero wHruompyroomeid MEK 1/2
akTHBHOCTH. B ganHOM w300percHun maruOmropamu MEK 1/2, xoTopbic ACMOHCTPHPOBATH HWHIYLHPYIOMIYIO
maddepermmposky HCK B mefipors! akrusHOocTh wim 3amumaronryic HCK w HelipoH akTHBHOCTD, ABILTIOTCS
TpameTuHNO, mHMacepTHd (AS703026), AZDS8330, OwnmMeruHuO, pedamermHnd, PD318088, PD0325901 wm
RO5126766.

B uactHOCTH, cocauucHHe Dopmyas! 1 (TpaMCTHHHO) ACMOHCTPHPOBAN CYIICCTBCHHO MPCBOCXOIAINYEO
CHOCOOHOCTH BBI3BIBATH AU((PEPEHIUMPOBKY M 3aIMIIATh OT AP Jaske MpH CPAaBHCHUM C APYTHMH HHTHOHTOPAMHU
MEK 1/2, xOTOpBIC MOKHO WCIIOJNB30BATh B JAHHOM wm300percHun. Hampumep, cocaunenme Dopmynsr 1
JEMOHCTPHPOBATO 0oJiee BBIPAKCHHYIO CIIOCOOHOCTH BBI3BIBATH Ju(pdepeHumpoBky u 3amumars or Af mo
cpaBHEeHHIO ¢ AS703026 B KOHIECHTpanuy, KoTopas Ob11a B 100 wmm 6osee pas Hwke. Jauusiii 3(p(QeKkT coeanHCHNA
@opmynel 1 cymecTBeHHO MPEeBOCXOMUT 3(PdekT, KOTOPHIi MOXKHO MPEACKa3aTh HCKIOYATEIBHO MO €ro
nHruoupyromeit MEK 1/2 akruBHOCTH.

Coenmnerne @opmynel 1 HEKOTAa HE NPUMEHATH B LEJUIX HHAYKIMH AH((GCPCHIUPOBKH HEPBHBIX
CTBOJIOBBIX KJICTOK B HEHPOHBI, H OHO OBLIO W3BECTHO TOJIBLKO B Kauectse mHrmOnTopa MEK 1/2, noaapisomero
akrusHocTh MEK1 mw MEK2 3a cuer HEKOHKYPCHTHOTO HHTHOWpOBAaHHA CBs3biBaHHA AT®, m B KauecTse
JIEKaPCTBEHHOTO CPEACTBA IS JICUCHHS MEITAHOMBI M HEMEJIKOKJICTOWHOTO PaKa.

Jpyroii acmeKT MAHHOTO W300PCTCHUSA OTHOCHTCHA K cmocoOy wmuayknmn mup@eperuuposkn HCK B
HEHPOHBI ¢ MpUMEHEHNEM coennHeHNI @opmyns! | mmm apyrux uHrunonTopos MEK1/2.

Uro kacaercs cnocoba, PacKphiTOTO B JAHHOM H300pPCTCHHM, HEPBHBIC CTBOJIOBBIC KJIETKH MOKHO
BBIJCIATh W3 MO3Ta SMOPHOHOB HJIH B3POCIBIX 0C00cii M3BECTHBIMH crocobaMu. B anbTepHaTHBHOM BapHaHTE
HEPBHBIC CTBOJIOBBIC KJICTKH MOXKHO NMPHOOPETaTh W3 KOMMCPYECKUX HCTOYHHKOB MM MOKHO KYJIBTHBHPOBATH
MOOBIM CTAHAAPTHBIM CIIOCOOOM, H3BECTHBIM B 00JAaCTH TEXHUKH. B 3TOM HET KaKHX-THOO KOHKPETHBIX
orpanmycHUi. B nmpuBeacHHOM HIpke paszzaeie [IpuMeps! HCOIb30BaIH HEPBHbIC CTBOJIOBBIC KICTKH, BBIACICHHBIC
n3 JOOHBIX fonei 14,5-CyTOUHBIX MBIIIHHBIX SMOPHOHOB H CYOBEHTPHKY JLIPHOH 30HBI MBIIICH B BO3pAcTe 8 HEIEb.

Iepen muddepeHIMPOBKON HEPBHBIC CTBOJOBBIC KICTKH MOYKHO BHOCHTH B KYJBTYPAIbHYIO Cpely H
kynpruBuposats npu 37°C. KynpTypansHas cpeaa MOKeT OBITh JTF000H OECCHIBOPOTOUHOH Cpemoi ¢ 1o0aBIcHUEM
(bakTOPOB POCTa, O3 KAKHX-THOO KOHKPCTHBIX OrpaHHucHHi. HampuMep, cpea MOKET NPEACTABIATh cO00i CMCECh
cpeasl Urna B Momupukanun JymeOekko w nuraTesHOM cpeasl F12 (DMEM/F12) (1:1) ¢ aobaBicHHEM OTHOTO
nn 0oJee KOMIOHEHTOB, BHIOPAHHBIX M3 IPYIIIBL, cocrosmed n3 90-110 MxM myrpecnuna, 20-40 HM ceneHuTa,
10-30 M mporecrepona, 1,0-2,0 mr/mn d-(+) rmokosbr, 20-30 mkr/mn wHCymmHa, 0,05-0,2 wMr/mm amo-
Tparcheppura, 0,3-0,6 MM rayramakca, 50-150 ME/mn menmmwommHa u 50-150 MKr/Ma CTpeNTOMHIMHA H
JOTIOTHATEIBLHO C K00aBIcHUEM (PaKTOPOB POCTA, BEIOPAHHBIX W3 TPYIIEL, coctosmmei n3 10-30 ur/ma bFGF, 10-30
ar/mx EGF wmm nx cMeceit.

Jns monyuenns wenu((pepeHIUPOBAHHBIX HEPBHBIX CTBOJOBBIX KICTOK HEPBHBIC CTBOJIOBBIC KICTKH
MOJKHO KYJTBTHBHPOBaTh B cpeae N2 ¢ mobaencHueM (pakTopos pocta [cpema Mrma B momudukammm [y e0eKKko
(DMEM)/F12 (1:1), ¢ nobasncHnem 100 MmxM nyTpectmaa, 30 HM cenmcnuta, 20 HM mporecrepona, 1,55 mr/mn d-
(+)-rmoko3s1, 25 MKr/Mt wHCY MHA, 0,1 Mr/mum amo-Tparc(eppura, 0,5 MM riytamakca, 100 ME/MT neHUIMITTHHA
u 100 MKI/MJI CTPEITOMHLIHA .

JubdepeHimpoBka Ky IbTHBHPYEMBIX HEPBHBIX CTBOJIOBBIX KJICTOK B HEHPOHBI BKIFOUACT BO3ACHCTBHE HA

HCPBHBIC CTBOJIOBBIC KJICTKH KOMIIO3HIHHW, WHAYUHPYHOICH au((QCPCHIUPOBKY, COACP/KAMICH COCIHHCHHC
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®@opmymer 1, u 3atem obcecneucHue au(QCPCHIMPOBKH B COOTBCTCTBHH CO CHOCOOOM, H3BSCTHBIM B 00IACTH
TexHuKH. Hampumep, B cpeay, coIepKamyl0 KyJIbTHBHPYEMBIC HCEPBHBIC CTBOJIOBBIC KICTKH, JOOABIITIOT
KOMITO3HIMIO, WHAYIHPYIOMYO Au(()epeHIMPOBKY HEPBHBIX CTBOJIOBBIX KJICTOK, IO AAHHOMY H300pPCTCHHIO H
mHAYIUpyoT auddepertmposky npu 37°C.

[pouece aupepeHINPOBKH HEPBHBIX CTBOJOBBIX KICTOK B HEHPOHBI MMPOTEKACT B PA3IHYHBIX YCIOBHAX
KYJIbTHBHPOBAHUS, YKA3AHHBIX BBIIC (CM., HAPHUMEP, CONCPKAHHE W KOJMYECTBO KOMIIOHCHTOB CPEABI H CPOKH
KYJIbTHBHPOBAHU). YCIOBHSI KyJITHBHPOBAHHSI HE OTPAHHYCHBI KOHKPCTHBIMH YCIOBHAMM, YKA3aHHBIMH BBIIIIC.
[IpeamournTensHO, TEMIIEPATYPa Ky IbTHBHPOBAHMUSA, TIPH KOTOPOIl MOKET OBITh HHAYIHPOBaHA Au((hepeHIIpoBKa
HEPBHBIX CTBOJIOBBIX KIECTOK, coctasmieT oT 35°C ao 40°C. Ecim temmeparypa Ky asTusupoBaHus Hibke 35°C nmm
npesbimact 40°C, HEpBHBIE CTBOJIOBBIC KICTKH MOTHOAIOT Ipeskac YeM Au((hepeHIUPYIOTCS B HEHPOHBL

[lepen nobGapncHHEM KOMIO3HINH, HHAYLHPYIOMCEH Au((PEepeHINPOBKY HEPBHBIX CTBOJOBBIX KICTOK,
comepkameii cocaumacHe @opMysl 1, MPCAMOYTUTEIHPHO OOCCICUUTh JAOCTATOYHYIO KOHICHTPAIMIO KICTOK B
KyJIBTYPE HEPBHBIX CTBOJIOBBIX KJICTOK. Kpome ToTO, 111 HAGMOACHHUS 3a H3MCHCHUSAMH B KyJbTYPE, TAKHMH KAk
mponupepanud KIeTOK, Iu((QCPCHIMPOBKA WIH THOCTh, MPCINOUTHTCIFHO BO3ACHCTBOBATH HA HCPBHBIC
CTBOJIOBBIC KJICTKH KOMIO3HIHEH, HHAYIMPYIOmeH au((hepeHINPOBKY HEPBHBIX CTBOJIOBBIX KJIETOK, COACpKameH
coeauHeHHne PopMymsl 1, cormacHo crioco0y, ONMMCAHHOMY BBIIIC, B TCUCHUC NMEPHOAA KyJbTHBHPOBAHUSA 7 CYTOK
nin MeHee. s 3TOro mepro/ KyJIbTHBHPOBAHHUSA HEPBHBIX CTBOJIOBBIX KJIETOK HMPEANOYTHTEIHHO COCTABILIET IO
MEHbIICH Mepe OT 1 CYTOK 0 MAKCHMYM 7 CYTOK JJIsl 0OCCTICUCHHS TOCTATOYHOH KOHICHTPALNH KICTOK.

Uro kacaercsi KOHUCHTparuu coeauHeHns Dopmynsl 1, mpeanodTuTensHO J00ABIATh €r0 K HEPBHBIM
CTBOJIOBBIM KJICTKAM B KOHIECHTpauuu oT 1 HM mo 20 mMxM. Ecim KOHIEHTpanusA COCTAaBIAeT McHee 1 HM,
CHOCOOHOCTH HHAYLMPOBATh AU(()EPECHIMPOBKY HEPBHBIX CTBOJIOBBIX KJICTOK CHIDKACTCS, CCITH OHA mpesbnmact 20
MKM, HAYMHAOT BO3HHUKATH MPOOIEMBI C IIMTOTOKCHYHOCTHIO. s 100GaBICHAS COCMHCHHS HEPBHBIC CTBOJIOBBIC
KJICTKH OOBIYHO BBICCBAIOT B JIYHKH IUIAHINETA, YTOOBI OHH MOKphBamH A0 70-80% minomanu ayuku. Hampumep, B
12-7yHOUHBIC MIAHIIETH BEICEBAOT 1X10° KICTOK/TYHKY, B 6-TyHOUHBIC ITAHIICTHI BEICEBAKOT 5X10° KICTOK/TyHKY.

Kpome Toro, kak moapobHO ommcaHo B paszzene IIpuMmepsl, MPeANOYTHTENSHO NPHMCHATh COCTHHCHHC
®opmynel 1 B koHIeHTpaumn ot 10 HM mo 10 MxM, 6omee mpeamourutembHO, oT 10 HM mo 100 HM. Ecmm
KOHICHTpanus cocrasmier McHee 10 HM, yBemmumBaeTcs BpeMs HHAYKIHH AU(Q(EPEHIMPOBKH, UYTO SBICTCA
HE3KOHOMHYHBIM. OxHAko, ecnu oHa npepbimacT 10 MkM, coenunenne opmynsr 1 oka3sBacTCs B M30BITKE Kak
AKTHBHBIH WHIPEINCHT W MPHU MOCICAYIONIEM BBeaeHHH in vivo marnouposanne MEK1 n MEK2 moxeT okazaTbes
OUCHb CHJIbHBIM, MOKET IOBIHATh HA MHOTHE BHYTPHKJICTOUHbIC CHTHAJBHBIC IyTH U B PE3YJIbTATE MOKET BBI3BATH
MHOXXECTBO HE)KEJIATEIbHBIX PEAKITHIA.

C momeHTa 700aBICHUS K KyJIbTYPE HEPBHBIX CTBOJOBBIX KJICTOK KOMIIOZHIMH, HWHIYIHPYIOMCH
mu(depeHIMpPOBKY HEPBHBIX CTBOJOBBIX KJCTOK, cofepXamieii coeamHeHme @opmynsl 1, koTopoe sBiseTcs
waruonropom MEK1 w MEK2, mo sasepmenmsa mponecca Au(()CPCHIMPOBKH TPOXOTUT OT 1 A0 7 CYTOK,
MPEATOUTHTENBHO OT 3 A0 5 CYTOK.

MpenmymecTBa n300peTeHns

Korma xommnozuipmo, WHAYIHPYIOIY Au((CpEeHIUPOBKY HEPBHBIX CTBOJOBBIX KJICTOK, IO JAHHOMY
H300PETCHUI0 TPHMCHAIOT y TMAIMCHTOB C  HCHPOJCTCHEPATHBHBIM  3a00JCBAaHHEM, OHA HHAYLHPYCT
mu(depeHIPOBKY HEPBHBIX CTBOJIOBBIX KJICTOK B TOJJOBHOM MO3IC MALMCHTA B HEHPOHBI H MO3BOJUICT 3aAMCHHTH
TIOBPEKICHHBIC HJIH YTPAUCHHBIC HEHPOHBI «HOBOOOPA30BAHHBIMI» HEHPOHAMHU. 3TO O3HAYACT, YTO KOMIOBHIMA

00 JAHHOMY W300PCTCHHIO HHAYLMPYCT HEHPATBHYIO PCICHEPALMIO WM HCHPOPErCHEpaUuio Oaarogapst
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HEHpOTEHE3y W3 HEPBHBIX CTBOJOBBIX KJICTOK.  TakuM 00pa3oM, KOMITO3HIMHMIO MOKHO IIPHMCHATH IS
TIPEAYNPEKACHUA HIH JEYCHHA HEHpOJCTCHEPAaTHBHBIX 3a0oreBanmii. B JaHHOM W300peTcHUM «HEHpOTEHE3»
O3Ha4yaeT o00pa30BaHHWC HEHPOHOB M3 HEPBHBIX CTBOJIOBBIX KICTOK, a «HEHpampHAad pErCHEpaIwsDy HiH
«HEHpOpPETCHEPALMs» 03HAYACT BOCCTAHOBIICHHCE IyTEM HEHpOTreHe3a OpraHu3anuy 1 ()yHKIHI HEPBHOH CHCTEMBI,
JeTCHEpanysl KOTOPHIX IMPON30IIIIA BCICACTBHE THOCTM HEPBHBIX KJIETOK. KpoMe TOTro, KOMIIO3HIMS 10 JTAHHOMY
H300PETCHUIO MOXKET OKA3bIBATD JIcUCOHOE MM MPOHIAKTHICCKOE BIMSHUC MyTEM 3AIMUTHI HEPBHBIX CTBOJIOBBIX
KJICTOK HJTH HEHPOHOB OT OJIHTOMEPOB OCTa-aMHIION/IA.

Kpome TOrO, maHHOE W300pETCHHE MOKET MIMPOKO NPHMEHATHCS Il HCCaeaoBaHUS 3(QPEKTOB
JEKAPCTBCHHBIX CPEACTB WIIM B PA3IHYHBIX HCCICIOBAHHAX B Pa3padOTKE HOBBIX JEKAPCTBEHHBIX CPEICTB IUIA
HCHPOICTCHCPATUBHBIX 3200 ICBAHMII.

KPATKOE OITMCAHUE TPAOUYECKHNX MATEPHUAJIOB

Ha ®ur. 1 mpeacrasnen anamms mopdonornu B [lpumepe 1, rae mudpepeHIMPOBKY 3MOPHOHATBHBIX
HEPBHBIX CTBOJIOBBIX KJICTOK MBIIIH B HCHPOHBI TIPH BO3ACHCTBHE TpaMeTHHHOOM H muMaceptudom (AS703026) B
PA3THYHBIX KOHIOCHTPAIMAX OICHHUBATH IPH mOMOIIH (ha30BO-KOHTPACTHOTO MuKpockoma. HJl u [ 0003HAUCHE
Heu(pPepeHIMPOBAHHBIC SMOPHOHAIBHBIC HECPBHBIC CTBOJIOBBIC KJICTKH MBIH, MOTy4cHHBIC B [Ipmmepe 1 Ha
Cranmu 1A, w muddepeHImpoBaHHbIC SMOPHOHATBHBIC HEPBHBIC CTBOJIOBBIC KJICTKH MBIIIH, NOJYYCHHBIC HA
cramuu 1B, cOOTBETCTBEHHO, HE MOABEPTABIIHECS BO3ACHCTBHIO KAKOTO-THOO HCCIIEAYEMOTO BEIIECCTRA.

Ha ®wr. 2 npencraeneH anamm3 mopgoiornu B [Ipumepe 2, rac B HIDKHEM PAAY IPEACTABICHBI
PC3YJIBTATHI, IOy UCHHBIC TIpH Bo3acHcTBHH 10 MKM ommromepHOTO O¢Ta-ammnonaa (Af4») Ha B3POCTBIC HCPBHEIC
CTBOJIOBBIC KJICTKH MBIIH, 4 B BEPXHEM PSAy INOKA3aHBI HEPBHBIC CTBOJOBBIC KICTKH, HE IIOJBCPTaBIIHCCS
Bozzelicteuio Ocera-ammnonga. HJl u /I oGosHaueHs! Heau((hepeHIUPOBAHHBIC B3POCIBIC HEPBHBIC CTBOJIOBBIC
KJIETKH MBbIIH, noidyucHHbC B [Ipuvepe 2 Ha Cramuu 1A, n tuddepeHImpoBaHHbIC B3POCITBIC HEPBHBIC CTBOJIOBBIC
KJICTKH MBIIIH, HMOJNYyYCHHBIC HA CTaguu 1B, cCOOTBETCTBEHHO, HE IOJBEPraBINHECS BO3ACHCTBHIO KaKOTO-THOO
HCCIECIYEeMOTO BEIIeCcTBA. lIpeAcTaBlIcHBI Pe3yIbTAThl, TOJYYCHHBIC HAa HeAU(P(epeHIMPOBAHHBIX B3POCIBIX
CTBOJIOBBIX KJIETKaxX MbIIM, Moay4deHHBIX B IIpmmepe 2 Ha Craamm 1A, mpu BO3ACHCTBHH COOTBETCTBYIOLICTO
HCCIICAYCMOTO BCHICCTBA B COOTBCTCTBYIOIIMX KOHICHTpanmsax: tpametwauO (10 HM), Tpametwrud® (100 HM),
MemaHTrH (5 MkM), memarTuH (10 MkM) u AS703026 (10 MxM).

Ha ®ur. 3 mpuBeneHO CpaBHECHHE KJICTOYHOH MOP(OIOTHH HEPBHBIX CTBOJIOBBIX KIETOK 14,5-CyTOUHBIX
MBIIIUHBIX YMOPHOHOB, KOTOPHIC TOIBCPTANHCH (HHKHHI PSAT) WM HC MOABCPTANIACH (BSPXHUH PAI) BO3ACHCTBUIO
oymromepHoro Ocra-ammmonaa (10 mMxkM), kak ommcaHo B TpuBEeACHHOM i cpasHeHma [Ipmmepe 1. HJI
(memupdeperumposanusie) u J  (aupepeHIMPOBAHHBIC) 0003HAYCHB  HEIU(PPCPCHUMPOBAHHBIC W
ma(depeHIpoBaHHBIE SMOPHOHATEHBIC HEPBHBIC CTBOJOBBIC KJICTKH MBIIIH, ITOJYYCHHBIC B NPUBCICHHOM IS
cpapucHusA [lpumepe 1 ma Cragum 1, COOTBCTCTBCHHO, HC TOABCPTaBINNCCA BO3ACHCTBHIO KAKOTO-THOO
HCCIeyeMoro BemecTsa. [IpeacTaBicHs! PesyIbTaThl, HOTyUCHHBIC HA HeAU((hepeHIMPOBAHHBIX SMOPHOHATEHBIX
CTBOJIOBBIX KJICTKAX MBIIIH, IOJNYUCHHBIC B TNPHBCACHHOM il cpaBHeHms [Ipmmepe 1 Ha Cragum 1, mpum
BO3/ICHCTBHH COOTBETCTBYIOIIETO HCCJICIYEMOTO BEMIECTBA B COOTBETCTBYIOIINX KOHICHTPAIAX: TpaMeTHHuO (100
HM), memanTHH (10 MKM) 1 AS703026 (10 MKM).

Ha ®wur. 4 mpenctaBicHsl W300paXKCHHA, MONyucHHBIC B [IpmMepe 3 ¢ moMombro (PIyOPECLCHTHOTO
mukpockoma. B mepsom paaxy HJl wm JI oOosmaueHs! HenuddepeHumposanHble u au(pepeHIHPOBAHHBIC
SMOPHOHAIBHBIC HEPBHBIC CTBOJIOBBIC KJICTKH, COOTBETCTBCHHO, HE ITOJBEPTABIIMECS BO3ACHCTBHIO KaKOTOQ-IHOO

HCCEAYEMOTO BCINECTBA. BO BTOPOM H TPEeTheM PsAAY MPEICTABICHBI H300PAKCHHA KJICTOK, HE TOIBCPTaBLIHCCS
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BO3/ICHCTBHIO COOTBCTCTBYIOIIMX KOHIEHTpaumii Tpameruamba u AS703026. CuHHE TOYKH COOTBETCTBYIOT
KJICTOYHBIM sAApaM, okpameHHbIM DAPI, a KIeTKkH ¢ TOHKMMH V/UIHHCHHBIMH BETBSIMH KPacHOTO I[BETa
COOTBETCTBYIOT HEHPOHAM, OKpalICHHBIM Ha Tujl KOHBIOTATOM pOoJaMuHA.

Ha ®wur. 5 mokasaHsl pe3yapTarsl, moayucHHble B [Ipuvepe 4-1, AeMOHCTPHPYIOIHE OTHOCHTCIBHBIC
yposHu 3xcnpeccun MPHK Hefipor-cieruduieckoro mapkepa Tujl (®ur. 5a) mw mapkepa xodaMHHEPrHIecKux
HeiipoHoB TH  5b) B >MOpHOHANBHBIX HEPBHBIX CTBOJOBBIX KJIETKAX MBI IPH BO3ACHCTBHH PA3ITHYHBIX
KOHUECHTpanui TpaMeTanOa 1 AS703026.

Ha ®ur. 6 mpeacTraBicHa 4YacTh pe3yIbTATOB, MOIYUCHHBIX B IIpuMepe 4-2, AEMOHCTPHPYIOLIHX
OTHOCHTENbHBIC ypoBHH 3Kcmpeccun MPHK mapkepa modamuneprmieckux Heriponos TH (®wur. 6a), mapkepa
xomuaepraucckuX HeifpoHoB ChAT (®ur. 6b), Mapkepa auratebHBIX HelipoHOB Isl1 (Dwur. 6¢) u mapkepa TAMK-
epruyeckux Heliporos Gadl (Pwur. 6d) B SMOpPHOHATBHBIX HEPBHBIX CTBOJIOBBIX KJIETKAX MBIIIH IPH BO3ACHCTBHA
Pa3NuYHBIX KOHIICHTPAIMH TPaMeTHHHOA.

Ha ®wur. 7 mpeactasneHa 4YacTh pe3yiabTatoB llpumepa 4-2, rae MOKAa3aHBI OTHOCHTEIBHBIC YPOBHH
sxcmpeccnn MPHK mapxkepa wvetiponos Tujl (Dwur. 7a), mapkepa xomiaepruucckux HelipoHoB ChAT (®ur. 7b) u
Mapkepa modamuHeprudecknx HepoHoB TH (Pur. 7¢) BO B3POCTBIX HCPBHBIX CTBOJOBBIX KIICTKAX MBINIH TPH
posaciicTeun 10 HM tpamerurnba (Tra) m 10 MxM AS703026 (AS).

Ha ®wur. 8a mpeactasneHsl pesyabTaTsl [IpuMepa 5-1, MOATBEp:KAAONHMEC HATHYUC WIH OTCYTCTBHE
SKCIPECCHH Mapkepa AodavuHeprmucckux Heifporos TH, kotopyro ompemcisamu npu momomu RT-PCR mma
aHamm3a cnocoOHocTH MU PEepPCHIMPOBATECA B HEHPOHBI Y SMOPHOHAIBHBIX HEPBHBIX CTBOJOBBIX KJICTOK MBIIIH, B
KOTOPBIX NoAaBsun dkcnpeccuro MEK 1 wm MEK1 u MEK?2.

Ha ®wur. 8b mpeacraBmeHa wacTh pe3ynbTaToB, MOJNYYCHHBIX B [lpmmepe 5-1, rae mokas3aHbI
OTHOCHTENbHBIC ypoBHH 3kcmpeccud Tujl mw TH B 3MOpPHOHANBEHBIX HEPBHBIX CTBOJOBBIX KJICTKAX MBI, B
koTopsIx momasuth 3xcnpeccuto MEK 1 wmn MEK2 wmm MEK1 uw MEK?2 npu momomm shMEK 1 u shMEK?2, u
TIOATBEP>KAACTCA Hanugne uin oTcyTeTBre OenkoB Tujl u TH mpu momomu BecTepH-OIOTTHHTA.

Ha ®wur. 8c mnpencraBnmeHa 4YacTh pPE3yJNbTATOB, NOIy4cHHBIX B Ilpumepe 5-2, rae moOka3aHbl
otHOocHTenbHbIC YpoBHH 3kcmpeccnyt MPHK Tujl u TH B 3MOpHOHATBHBIX HEPBHBIX CTBOJIOBBIX KICTKAX MBIIIH, B
KoTOphIX akTuBHpoBanH KcnpeccHio MEK 1 wm MEK?2 nim MEK 1 w MEK?2 mpu nomommn CAMEK1 n CAMEK?2,
W TIOATBEpsKAAcTCs Haamiaue uim otcyTeTeue 6enkos Tujl u TH mpu nomMomu BeCTepH-OJIOTTHHTA.

Ha ®wur. 9 npencrasieHs! pe3yabTaThl, moaydcHHbIC B [IpuMepe 5-3, rae mokazaHa MOp(OJIOTHSI KICTOK
mpHu HAOMOACHWH C MOMOIIBIO (Pa30BO-KOHTPACTHOTO MHKpockoma (DPur. 9a) W aHAW3 OTHOCHTCTBHBIX YPOBHCH
sxcopeccnn MPHK wmapxepa weiiporos Tujl (@ur. 9b) BO B3POCIHBIX HCPBHBIX CTBOJOBBIX KJICTKAX MBIIIIH,
TIOJBCPTABINNXCS MM HE MOoABEpraBiumxcs BosachcTemio AP, rae skcupeccnio MEK1 wm MEK2 wmn MEK1 n
MEK2 nogasmsumn npu momornu sShMEK 1 n shMEK?2.

Ha ®ur. 10 npencTtaBieHsI pe3ybTarsl, HonyucHHbIC B [Ipumepe 6, rae mokazana MOpQOIOTHA KICTOK
mpu HAOTIOACHUH C MOMOMIBIO (Pa30BO-KOHTPACTHOTO MHKpockoma (Pur. 10a) m aHaIHW3 OTHOCHTCIHHOTO YPOBHSA
skcnipeccur MPHK Tujl (@ur. 10b) B 3MOpHOHANEHBIX HEPBHBIX CTBOJIOBBIX KJIETKAX MBIIN IPH BO3ACHCTBUH
TpameruHnOa, AZD8330, PD184352, pepamernnnta, PD318088, dmanvernHnOa n AS703026 B KOHICHTPALHAX
0,1 mxM, 1,0 MxM u 10 MmxM. Ha @wur. 10¢ moka3aHbl pe3yabTaThl HAOMFOACHHUI ¢ TOMOIIBIO (DA30BO-KOHTPACTHOTO
MHKPOCKOTIA B3POCIIBIX HCPBHBIX CTBOJIOBBIX KJICTOK MBITIH mipu Bo3achcTeuu PD0325901, RO5126766, BI847325
n U0126 (®ur. 10c).
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Ha ®ur. 11 mpeacraBneHs! pe3yabTaThl, MOJIyYCHHbBIC TPH MOMOIIH (ha30BO-KOHTPACTHOH MHUKPOCKOIIHH B
[Tpumepe 7, rae mokxazasa MOP(OIOTHSI B3POCTBIX HEPBHBIX CTBOJIOBBIX KJICTOK MBIIIH IPH BO3AcHCTBHH A wmn
0c¢3, ¢ mocaeayromuM BosaciicteueM wHrHOMTOpoB MEK1/2 Tpamermruba (0,1 mMxM), AS703026 (10 mMxM),
AZD8330 (1 mxM), PD318088 (1 mMxM), omamvernanoa (10 mxM), pepameruruda (1 mxM), PD0325901 (10
MkM), RO5126766 (10 mxM) u kobmmermrmOa (10 MKM), H3BSCTHOTO KAK WHTHOWTOP, OOJATAroIImil
CENECKTHBHOCTRIO MO OTHOmEHHIO k MEK1 mo cpasHeHmio ¢ MEK?2. Psanpl, OTMEUCHHBIE «-», COOTBETCTBYIOT
KJICTKAM, HC TOABCPTABINNMCA BO3ACHCTBHIO OCTA-AaMHIOWIA, a PAXBL, OOO3HAYCHHBIC «Af; 4,», COOTBCTCTBYIOT
KJICTKAM, IOABCPTaBIINMCA BO3ACHCTBHIO 10 MKM OcTa-aMuIonaa.

Ha ®©wur. 12 mnpeacraBicHa 4YacTh PE3yAbTAaTOB, NONyucHHBIX B IIpmMepe 8, rae mokasaHo
HMMYHOTHCTOXHMHYCCKOE OKpammBanue Ha NeuN cpe3oB comaroceHCOpHOW Kopel y Memmeii SXFAD,
nmony4yasmux TpameTuHHO (Pur. 12a). Ha ®ur. 12b moka3aHO KOJHYECTBECHHOE COOTHOIICHUE YHCJA KICTOK,
okpameHHBIX Ha NeuN y MbIueH, MoJy4aBIIuX TPAMETHHHO, IO CPABHCHHIO C KOHTPOSIMH, KOTOPBIC MOIYYaIH
TOJbKO mIancoo (dur. 12b).

Ha ®wur. 13 npeacrtaBieHa 4YacThb Pe3yabTaToB, MNOJYUYCHHBIX B IlpuMepe 8, rae moka3aHO
HMMYHOTHCTOXHMHYCCKOE OKpammuBaHue Ha NeuN cpe3oB IBHTATEIbHOH 30HBI KOpel y Mbiueil SXFAD,
nmony4uasmux TpametwHHO (@umr. 13a). Ha ®ur. 13b moka3aHO KOIHYECTBEHHOE COOTHOIICHHE YHCNIA KICTOK,
okpameHHBIX Ha NeuN y MbIueH, MoJy4aBIIuX TPAMETHHHO, IO CPABHCHHIO C KOHTPOSIMH, KOTOPBIC MOIYYaIH
TOJBKO mIanc6o (dur. 13b).

Ha ®©wur. 14 mnpeacraBicHa wACTh PE3yAbTATOB, MOMyUcHHBIX B IlpuMepe 8, rae mokas3aHO
HMMYHOTHCTOXHMHYECKOE OKpammBaHue Ha NeuN cpe30B OCHOBAHHWA runmokamna y meimeit SXFAD, momy4aBmmx
TpameruHNO (Pur. 14a). Ha ©ur. 14b mokazaHO KOMMYCCTBCHHOS COOTHOIICHNC YHCHA KICTOK, OKPAIICHHBIX HA
NeuN y MbImeH, moy4aBmux TPAMETHHUO, IO CPABHEHHIO C KOHTPOJLIMH, KOTOPBIC MOJIYyYAIN TOJBKO Iiancbo
(Dwur. 14b).

Ha @ur. 15 mnpeacraBacHsl pe3yabTaTel, NOAyuUcHHBE B Ilpumepe 9-1, rae mokasaHo
HMMYHOTHCTOXHMHYECKOE OKpammsaHie Ha Tujl cpe3os comaToceHCOpHOH KOophl y Mbrmel SXFAD, moayuasmux
TpaMeTHHHO. B yuacTkax m300pakeHHil, OTMEUCHHBIX CTPEIKaMu (=), MOKA3aHbl KICTKH, okpaneHHbie Ha Tujl, a
B YUACTKAX, OTMCUCHHBIX TpeyroabHuKamMu ( V'), TOKa3aHbI OJIAMKY, 00Pa30BaHHBIC arperataMu OcTa-aMHIOnIA.

Ha ®wur. 16 npeacTaBiacHbl pe3yabTaThl, NOdyUeHHBIC B [TpuMepax 9-2 u 9-3, rae moka3aHO OKPALIHBAHHE
nmo Huccmo, oxpammsanne Ha NeuN, Dcx n okpanmsanne ¢ ncnoib3osanueM BrdU cpe3os 3y0uaroil W3BHIHHbI
runmnokamma y meimeii SXFAD, nonyuasmux tpamernHuO (®Pur. 16a) W KOJMUECTBEHHOE OMPEACICHHUE KIICTOK,
meucHubix BrdU (®ur. 16b). Ha ®wur. 16a B y4acTkax, OTMEUYCHHBIX CTpeaKaMu (—>), MOKA3aHbI KICTKH,
okpameHHbIe Ha DCX, a B yJacTkax, OTMEUCHHBIX TpeyronbHuKaMu ( V), MOKa3aHb! KIeTKH, MeucHHbIe BrdU.

Ha ®ur. 17 mpeacraBicHsl pe3yabTaTsl, moiaydcHHble B [Ipmmepe 10, rae mokas3aHO OKpamiHBaHUE C
moMompro  Mmerona  TUNEL  (meuenme aYT®  kornmos JHK mpm  nomMomum — TepMHHANBHOH
JIC30KCHHY KICOTHIMITPAHC(hepa3bl), HHANKATOPA AIONTO3a, CPE30B OCHOBAHWS THIIIOKAMIIA W COMATOCCHCOPHOH
kopel y mbnmeit SXFAD, monyuyaBmux TpameTnHuO. KieTky B OCHOBAHMH THITIIOKAMIIA, ITOABEPITIHECS alloNTo3y H
OKPALICHHBIC 3¢JICHBIM (DITy OPECLICHTHBIM KPACHTEIICM, YKAa3aHBI CTPEIKaMH ().

Ha ®wur. 18 npeacrasneHs! pe3yabTaTsl, noayucHHbC B [Ipnvepe 11, rae nokazano okpammsaxue Ha Tujl
" KaxpOWHAWH KieTok Ilypkuabe B cpe3ax mozxeuka Mbrmed SXFAD, monyuasmux TpameTHHHO. [ KakmoH

TPYIIIBI TPUBEICHBI H300POKEHAU ABYX (OkpamuBaane Ha Tujl) wmw Tpex (OKpammBaHAe HA KaTbOHMHAWH) CPE30B.
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Ha @ur. 19 npeactasneHsl pe3yabTaThl, MOJMyUCHHBIC B IIpumepe 12, MOATBEP:KIAIOINME HATHIHC HIH
orcyrcteue Oemka pERK B momymapmax romopHoro mosra Memeii SXFAD, monydyaBmmx TpameTwHHO, TpH
aHamm3e MeToaoM BecTepH-OnoTTHHT (Pumr. 19a); Ha ®@ur. 19b mpencraBieHBI pe3yabTaThl KOJMUECTBCHHOTO
onpenencuus oenka pERK (®ur. 19b).

Ha ®wur. 20 mpeactasieHBl pe3yabTaThl, moayucHHbIC B [IpmMepe 13, rae moka3aHO KOMHYECTBCHHOC
ompeacncure AR40 u AB42 u cootHomeHne (AR42/AB40) o pesyrpraram ELISA (mMMyHO(EpMEHTHOTO aHATH3A)
C WCIOJIB30BAHACM HOTYIIAPHHA TOJOBHOTO Mo3Ta Mermeit SXFAD, noidyuaBmmx TpaMeTHHHO.

3Be3moukoit (*) Ha W300pPAKCHUAX OTMCHUCHBI CICAYIONNC PE3YABTATHI CTATHCTHUCCKOTO AHAJIN3A,
TMOJYYCHHBIC C HCTOTB30BaHueM t-Kputepus: *: P < 0,05, **: P < 0,01, ***: P < 0,005.

MMPEAITOYTUTEJIBHBIE BAPUAHTHI OCYIIIECTBJIEHW S M3OBPETEHU A

Korza HepBHBEIC CTBOJIOBBIC KICTKH 00padaTeiBamy coeauacHreM @opMy el 1 mo JaHHOMY H300PCTCHUFO,
aBTOPBI HAOIOJATH YBCIMUCHHC YPOBHSA SKCHPECCHH Mapkepa HCHpoHOB Tujl, a Takwke YBCIHUCHHC YPOBHCH
SKCTIPECCHH BCETO M3 MEPEUNCICHHOTO: Mapkepa rodamusaeprudeckux HeripoHoB TH, mapkepa ITAMK-epruueckux
HeifpoHos Gad 1, mapkepa qBurareabHbBIX HeHPOHOB Isll n Mapkepa xomraeprudeckux Heliponos ChAT (Tlpumep 4).
310 03HAuaeT, uTo coeauHcHHE PopMyIsl 1 MOXeET BBI3BIBATh AU(D(ECPCHIUPOBKY HEPBHBIX CTBOJOBBIX KICTOK B
pasnuyHBIC THIBI HEHPOHOB, TakWe Kak podamuaeprmdeckne HeHponel, ['AMK-eprudeckne HEHpOHBI,
XOJMHEPTHYCCKHE HEHPOHBI M JBHTATCIbHbIC HEHpOHBI. COOTBETCTBCHHO, coeauHeHHEe DopMynsl 1 MOXKHO
TMPUMCHATh B JICUCHHH PA3IWYHBIX HEHPOJCTCHEPATHBHBIX 3a00JICBAHWE, KOTOPBIC BBI3BAHBI YTPAaTOH WM
TIOBPEKACHAEM pa3MuHBIX HerpoHoB. Hampumep, OGosesns [lapkmHcoHa O0OBMHO CBf3aHA C  yTPaToH
Jo(aMuHEPTHYCCKIX HEHPOHOB, 3a00JCBaHHS JBHTATCJIbHBIX HECHPOHOB, Takuwe Kak OosesHb Jly I'epura/BAC,
mporpeccupyrommii Oynpdapusii mapammu (I1BI1), mporpeccupyromas memieyHag arpodus (ITMA), nepBHYHBIH
narepanbHbiii cxiepo3 (IUIC), mcesmnoOymeoapusrit mapamumy (T1BI1) w HACTCACTBCHHAS CMACTHYCCKAS TMAPATLICTHS
(HCTI), accommupoBaHBI C YTPaToil MBHTATCTHHBIX HCHPOHOB, a ACMCHIMA, KaK NpH OOJIC3HH AmpureiiMepa,
COCyHCTas JCMEHIMA M CCHHJIbHASA JAEMCHIMMA OOBIYHO ACCOLMHPOBAHBI C YTPATOH XONHHEPTHYCCKHX HEHPOHOB.
Kpome Toro, 0one3Hp XaHTHHITOHA OOBIMHO accoumuposaHa ¢ yrpatoii TAMK-epruueckux CpeaHHX NIHIMTHKOBBIX
HEHPOHOB B IMOJIOCATOM TeJjie 0a3aIbHBIX TAHTIHCB.

B uactHOCTH, TOCKOIBKY coenuHeHNEe @opmy sl 1 mo3BoieT AuddepeHIIpPOBaTHCI HEPBHBIM CTBOJIOBBIM
KJIETKaM B HEHPOHBI, TIPH 3TOM 3aIUIIas UX OoT AP, OCHOBHOH HEBPONATOJIOTHYCCKOH XapaKTCPUCTUKH OONC3HH
AxprreiiMepa, €ro MOKHO TPHMCEHATD B JICUCHUH OOJIC3HA AJbIreiivepa.

ABTOpBHI JAHHOTO W300pPETCHUS MOATBEPAWIIH, YTO coeanHeHHEe PopMyssl | yBEIHYHBAECT KOIHYECCTBO
HEHPOHOB B 006JACTH OCHOBAHHA THIINIOKAMITA H 5 CJI0€ KOPBI TOJOBHOTO MO3Ta Ha MOAeH O0Je3HH AbIreiMepa y
Mmbimeii (5XFAD), 3KkcnpecCHpYOAX TCHBI, BCTPCHANOIMUECA V MoAcH ¢ Oome3Hpr0 Aubrreiimepa (Ilpumvep 8).
Mspmm 5XxFAD wecyT mytanmu reHos, komupyoonmx APP (Oenok-mpeainecTBEHHHK aMWJIOHWAA) W IPECCHUINH
(PSEN1), xoTopble, Kak H3BECTHO, BBI3BIBAIOT V YCIOBCKA HACICACTBCHHYIO OOJNE3HB ANpIrelivepa, W y HHX
MPOXNCXOTUT OTJIOKCHUE OOJBINMX KOJHMYECTB AMIUIOWAA B OCHOBAHWM THIIIOKAMIIA W 5 CIOE KOPBHI T'OJOBHOTO
MO3ra ¢ OJHOBPCMCHHOI yTparoi HCHPOHOB B 3THUX obOmactax. HabmoacHwe, uto coemmacHHe Dopmymsr 1
VBEIMYHBAIO KOJMYECTBO HEHPOHOB Ha MbImHOH Mozenn 5XFAD, moareepxmact TOT (pakT, YTO COCTUHCHHC
@opmynsl 1 mHAyDHpyeT mu(EepeHIMPOBKY HEPBHBIX CTBOJOBBIX KICTOK B HEHPOHBI in Vivo ¢ YBEIHYCHHEM
KOJIMYECTBA HEHPOHOB H/HMIH 3aIUINAcT HEHPOHBI OT OeTa-aMAIONA.

Coenmuerne @opmynsl 1 Tarke YBEIHYHMBAJNO KOJIHYECTBO HEHPOHOB B PA3NMYHBIX OTACIAX KOPBI

rofoBHOTO Mosra mbnueii SXFAD, ocoOeHHO B IBHTATENIBHON 30HE KOPHI H COMATOCCHCOPHOW 30HE KOPHI, IPH
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cpasaeHUH ¢ KoHTpoysivu ([Tpumep 8, @wur. 12, 13). 310 CBHACTCIBCTBYST O TOM, UTO cocauHcHUe @opmymsr 1
MO>KHO IIPHMEHATH JJI JICUCHHS 3a00JCBaHHUS JBUIATEIbHBIX HCHPOHOB, Takoro kak BAC, BBI3BAaHHOTO yTpaToH
HCHPOHOB B 3TOH 30HE.

Coenmnerne @opmynsl 1 Takke YBEIHUHBANO BETBICHHEC AKCOHOB HIM COXPAHSUIO CTPYKTYPY aKCOHOB
knerok Ilypkuabe B Mozkeuke Mbired SXFAD npwm cpasHennmn ¢ koHTpoimsiMu (Ilpmmep 11, @wur. 18). 3ro
CBHICTEABCTBYET O TOM, UTO coeauHeHHE PopMyJsibl 1 MOKHO NMPUMEHATH AU JICUCHHS MO3KEUKOBOHW ATAKCHH,
BBI3BAHHOH yTPATON HIH MOBPEKICHHEM KIEeTOK ITypKHHBE MO3KEUKA.

CocauneHue @opMyas! 1 BRIBBEIBACT 00PA30BAHNC HOBBIX HCHPOHOB (HCHPOTCHE3), 3AIMUINACT HCHPOHBI
HJIM OCYIUECTBIIACT H TO, H APYIO€, H TEM CAMBIM HHIYLHPYEST HEHPAIbHYH) PEITCHEPANUIO WM HEHPOPETCHEPALIHIO.
Kax moxa3beIBaroT pe3yabTaThl, mody4dcHHBIC B [Ipumepe 9, coeauHeHne PopMyasl 1 yBeIMUHBATIO 3KCIPECCHIO
Mapkepa HeripoHOB Tujl (Mapkepa HCHPOHOB B MPOLCCCE HCHPOTCHE3a) B COMATOCCHCOPHOM 30HEC KOPBI HA MOJCTH
6oxe3rn AmpuretiMepa y mbnueii (5XFAD), yeeanmumBano KOMHYECTBO KICTOK, UMEIOmuX (opmy 2 wmm 3 THma
(TOABICHUEC KOTOPBIX CHCUM(HIHO I8 HCHpOorcHes3a), B cyOrpaHyaapHOil 3oHe (SGZ) 3yOuaroii H3BHITHHBI
(pesyabrarsl okpammBaHusd 1o Huccmro u okpammsanus Ha NeuN Ha ®ur. 16) W yBEJIHUHBANO KOJIHUECCTBO
HC3PEIBIX HCPBHBIX KICTOK, dKcmpeccupyromux DCX, u memammxcs KIeTok, oxpameHHbX BrdU (@ur.16). 3tu
PC3YIBTATHl MOATBCPIKIAIOT, YTO TPAMCTHHHO HHAYIHPYCT HCHPOTCHE3 B KOPS TOJOBHOTO MO3ra W 3y0uaroit
H3BUJIMHE THIITOKAMITA MBIIICH.

Kpome Toro, cocamrcHue @opmymsl 1 CHIKANO KONMHYCCTBO MOTHOAIOIMX KICTOK, O UCM
ceuzerenbcTBoBA pe3yabratel TUNEL-amammza y wmemoeii 5XFAD (Ilpumep 10, ®ur. 17, yseimumsano
BETBJICHUC AKCOHOB HJIM COXPAHAJIO CTPYKTYPY akCOHOB KIeTok Ilypkmube mMomkeuka (Ilpumep 11, @ur. 18) u
cHmKano cootHomeHue AR(1-42)/AB(1-40) B Tkanu romoBHOTO MO3ra Meimeit SXFAD (TTpumep 13, @ur. 20). Ito
MOKA3BIBACT, YTO cocauHcHHe PopMynsl 1 MOKET UrpaTh pPoiab B HECHPOPETCHEpALUH, 3alUINAsS HEHPOHBI U
yIy4Inas HX COCTOSIHHUC HJIM AKTHBHOCTD B YCJIOBHSX, IIPH KOTOPBIX BO3HHUKACT MOBPEKACHHE U yTPAaTa HEHPOHOB.

COOTBETCTBEHHO, APYTOH aCHEKT JAHHOTO H300pPETCHHA OTHOCHTCA K (papMalieBTHUCCKOH KOMITO3HIMHH,
comepxkame coeauHeHne PopMyabsl 1 B KAYECTBE AKTHBHOTO HHIPEAHCHTA, I MPECAYNPEKICHUA U JCUCHHA
HEelponereHepaTHBHOTO  3a00JeBaHmA, K CmocoOy NPEXyNpeXACHHSA W JICUCHHS HEHpPOJCTCHEPATHBHOTO
3aborneBannsa ¢ mpuMcHeHHEM coeaumHeHUS Dopmynsl 1 w k coeamHeHmIO DopMynsl 1 111 NpHUMCEHEHHS B
MPSAYIPCKACHAN U JICUCHHH HCHPOACTCHCPATHBHOTO 3ab0scBaHuA. Bmecto coeaumueHms @opmyasl 1| B naHHOM
H300PETCHUH MOKHO TIPHMEHATH Apyrue waruoutopsl MEK1/2, xotopsie Be3bBatoT audpepermuposky HCK B
HEHPOHBI, TIPH 3TOM 3AINWINAT MX OT TOKCHYCCKHUX BEINECCTB, TAKHX Kak AP, HO HamOolee MPEANOYTHTEIHHO
TMPUMEHATH coeaAuHeHUE Popmynsr 1.

Kak ynmommHamoces BhIIE, HEHpOACTCHEPATHBHOE 3a00JIECBAHHMEC O3HAYACT ACTCHEPALMIO YMCTBCHHBIX H
(u3mueckux (pyHKIWM, BHI3BAHHYIO IOCTCIICHHOH yTpaTro# CTPYKTYpH W (PYHKIMH HEHpOHOB. B uacTHOCTH, OHO
BKIIFOYAacT 3a00NCBaHMs, BBIOPAHHBIC H3 ACMCHIMH, OONE3HH ANbIreiMepa, COCyAHCTOH ACMEHIUH, CCHIUIBHOM
JCMCHIHY, JOOHO-BHCOYHOH ACMCHIWH, ACMCHIMH ¢ Teiabuamu Jlesw, Ooyc3Hu [lapKWHCOHA, MHOKCCTBCHHOM
CHCTEMHOH aTpo(mu, KOPTHKO-0A3aIBbHON JErcHEepany, IPOTPECCHPYIOIIEIO CYNPAHYKJICApPHOTO Mapamia,
oone3un XaHTHHITOHA, OonmesHH Jly-I'epura/BAC, mepBHYHOTO JATCPATHHOTO CKIICPO3a, CIIHHANBHOW MBIICYHOH
arpo¢un, nporpeccupyromero oympdapHoro mapammua (I1BIT), mporpeccupyromei mprmeuHoi arpoduu (ITMA),
mpeBa00yIR0APHOTO Tapanmia, HACICACTBCHHOHN cmactuueckoit mapaminerun (HCIT), MO3KCUKOBOW aTakCH,

oonesun Kpeirngenpaa-SAkoda, paccessHHOTO CKIIepo3a, cuaapoma [miicHa-bappe u 1.1,
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B wactHOCTH, MOCKOIBKY coeamHeHHe DopMmMynbl 1 AEMOHCTPHPYET CYINECTBCHHOC HHIYIHPYIOIIEE
Tu(p(CPCHIMPOBKY BIHIHHC W HCHPONPOTCKTHBHBEIA J(PQPCKT, make B 00CC HHU3KHX KOHICHTPADUAX, YCM
KOHICHTPALMH, B KOTOPBIX €TI0 NMPUMCHLIH paHee O1arofaps ero MpOTHBOOIYXOJEBOH AKTHBHOCTH, €T0 MOKHO
6e30macHO BBOIUTE B 00JIce HU3KOH /103€, IO CPABHECHHUIO C JO3aMH, B KOTOPBIX €TI0 MPHMCHSIOT I JICUCHHUS paKa.
IIpu npumenennu coequHeHUs Oopmyabl 1 B KAUECTBE MPOTHBOOIYXOJIEBOTO CPEACTBA €TI0 PEKOMEHAYEMas J03a
COCTAaB/SIET 2 MT OJWH Pa3 B CYTKH, a €CIHM H3-3a MOOOYHBIX 3(PPekToB TpeOyeTcs yMEHBIICHHE AO3BI, J03Y
CHIDKAOT 10 1,5 MT O7WH pa3 B CYTKH M 3aTeM 10 1 MTr oauH pa3 B CyTKH. B maHHOM H300peTEHHH B SKCIICPHMEHTAX
Ha wMbmax SxFAD  moareepauwim, uro cocamHcHHEe Q@opmynsl 1 ICMOHCTPHPYCT HHIYLHPYIOMIYIO
(G depeHIMPOBKY CTBONOBBIX KJICTOK AaKTHBHOCTh Ve B mo3¢ 0,1 mr/kr/cyr. Ecmm mepesecTH 3Ty 103y Ha
yemoBeKka BecoM 60 kr, oHa OyaeT cooreercTBoBaTh (0,48 Mr/cyT (Journal of Basic and Clinical Pharmacy, 7(2), 27-
31, 2016).

B nmanHOH 3a4BKE TEPMHUH «COACP/KAIIMH B KAYECTBE AKTHBHOTO HHIPCAMCHTA» O3HAYACT BKIFOUCHUC
WHITPEIWCHTA B  KOJMYECTBE, JOCTATOYHOM [UI1  IIOJABJICHHA  HECHPOJCTCHEPATHBHOTO  3a00ICBAaHHSL,
aCCOIMHUPOBAHHOTO C JAHHBIM H300PETCHHEM.

IMpopuaakTHieCkad WIH TCPANCBTHUCCKASA KOMIO3HLHA ITI0 JAHHOMY HW300PCTCHHEO MOMKCT OBITh
H3TOTOBJICHA B BHIC JICKAPCTBEHHBIX (DOPM, OOBIMHO WCHOJNB3YIOINMXCA B OOJACTH TEXHHKH, HAIPUMED,
TIEPOPANBHBIX MTPENApPaToB WK MAPCHTEPATbHBIX PENAPATOB, TAKANX KAK HHBCKIHOHHBIC IPETIAPATHI.

DapManeBTHUECKas KOMIIO3HIHS 10 JAHHOMY H300PETCHHIO MOXKET BKIIHOYATH MOAXOISINNC HOCHTEIH,
SKCUMIIMEHTH W Pa30aBUTENH, OOBIMHO WCHOJB3YyEMBIC B (PAPMANCBTHYCCKHX TIPEmaparax, W MOXKET OBITh
H3rOTOBJICHA B (JOpME COCTABOB I NEPOPATBHOTO TPHMCHEHHS, TAKMX KaK MOPOINKH, TPAaHYIbI, TaOICTKH,
Kamcynpl, CYCIICH3HWH, SMYJbCHH, CHPOIBI, a3pO30dH W T.J., WIH HPENapaToB I MECTHOTO TPHUMCHCHHS,
CYIIIO3UTOPHEB, IUIACTHIPEH W CTEPHUIIBHBIX PACTBOPOB JJISI HHBCKITHIA.

Hocurenn, skcrmmueHTsl H pa30aBUTENH, KOTOPBIC MOTYT BXOAMTH B COCTaB KOMITO3HIHH IO JAHHOMY
H300PETCHUIO, TIPEICTABILIIOT COOOH JIAKTO3Y, NEKCTPO3Y, CaXapo3y, COPOHT, MAHHUT, KCHIIUT, 3PUTPHT, MAJbTHT,
Kpaxmaj, TYMMHapaOuK, aTbTHHAT, JKeJaThH, (ochar KambIys, CHIHKAT KaJTbIUs, ICIUT0N03Y, METIIILEILIIOI03Y,
MHKPOKPHCTAITHYECKYIO LEILTI0TI03Y, KPOCKapMeIIosy HATPHA, THAPOKHITPOITHIME THIILEILTION03Y,
TMOJUBHHUINHPPOIAIOH, BOAY, METIITHAPOKCHOCH30aT, NPONHITHAPOKCHOCH30aT, TalbK, CTEapar MAarHusi,
naypuiacy 1b(hat HaTPHs, KOJJIOAWHBIH THOKCHA KPEMHIA, KPOCKAPMEIIO3y HATPHUs, MHHEPAJIbHOE MAacio U T.J.

B (apmanepriueckuX KOMIIOZUIHAX NPUMCHIIOT CTAHAAPTHBIC Pa30aBUTENH W 3KCHUIHCHTHI, TAKHEC KaK
HAIOJIHUTEIIM, YBCIMYHBAIOIINEC OOBEM BCIICCTBA, CBI3BIBAIOINMC BCINECTBA, CMAUYMBAIOLINE BCINCCTBA,
Pa3pBIXIUTENH H TOBEPXHOCTHO-AKTHBHBIC BCIICCTBA. TBEpAblc KOMIO3HIMH AT IIEPOPATBHOTO TPHUMCHCHHS
BKITFOYAFOT TAOJCTKH, MHJIFOJH, MOPOINKH, TPAHYJbI, KANCydbl M T.J. TBEPAYI) KOMIOBHIHIO MOJYHAIOT IyTEM
Jo0aBIcHAST K KOMIIOZHIMH IO JAHHOMY H300PETCHHIO IO MCHBINCH Mepe OJHOTO SKCHUIMCHTA, TAKOTO Kak
Kpaxmai, KapOOHAT KaJbIHs, Caxapo3a, JAKT03a WIIH YKeIaTHH. JJONOTHUTEILHO K MPOCTHIM 3KCIUITHEHTAM TaKKe
MO>KHO NPHMCHATH CMA3BIBAIOIIIEC BCINCCTBA, TAKUE KAK CTEApaT MarHuWsd W TaubK. JKHIKHe KOMIO3WIUH A T
MIEPOPANBbHOTO BBEACHHA BKIIFOYAIOT CYCIICH3HH, KHIKOCTH A TPHEMA BHYTPb, 3MYJIbCHH, CHPOIBI H T.X. H
JOTIOTHATEIBHO K CTAHJAPTHHIM MPOCTBIM Pa30aBHTEIIM, TaKMM KaK BOJA W KUAKHH mapauH, OHH MOTYT
BKIIFOYATh PpA3IWYHbIC OKCUWIHCHTHL, TAaKHE KAK CMAYMBAIOIINE BCINECTBA, MNOACIACTHTEIH, KOPPHICHTEHI,
KOHCEPBAHTHl W T.J. KoMmmosnmmu a1 mapeHTEpatbHOTO BBEACHHSA BKIFOYAOT CTCPHIIBHBIC BOJHBIC PACTBOPBL
HEBOJHBIC PACTBOPBI, CYCIICH3UH, SMYJIbCHH, JTHO(MIIH3HPOBAHHBIC KOMITOZHIH, CYNIIO3HTOPHH W IIACTHIpH. B

HCBOIHBIX PACTBOPAX H CYCHCH3HUAX MOKHO HCIOJIb30BATH MPOMMUAJICHIIUKOJIb, MOTHITHICHIIMKOJIb, PACTUTC/IbHBIC
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Macya, Takue KaK OJMBKOBOC MAcio, W >(QUPHI U1 HHBEKIWH, TakWe Kak 3Tuiojcar. B kadecTBe OCHOBBI IS
CYNNO3UTOPHEB MOKHO HMCHOJB30BAaTh BHTEICOJ, MAKPOTOJN, TBHH 61, Macmo Kkakao, JaypPHHOBOES MACTO,
TJIHIECPOKETATHH U T 1.

KoMmo3umumo mo f1aHHOMY H300PETCHHIO MOMKHO BBOAMTH JHOO IEPOPANBHO, THOO MAPCHTCPAIBHO, B
BBCICHHC MOXKCT OBITh THOO CHCTCMHBIM, JTHOO MCCTHBIM.

PexomeHyemas 103a TepaneBTHYCCKON KOMITOZHIMH MO JAHHOMY H300pPETCHHIO MOKET BAPHHPOBATH B
3aBHCHMOCTH OT COCTOSIHHS IALMCHTA, MAcChl Tela MAMCHTA, THKECTH 3a00JEBaHMA, JECKAPCTBCHHOH (DOPMBL,
cnoco0a BBEACHUS, MPOJOJDKUTCIFHOCTH JICUCHHUS U T.J. M MOKET OBITh YCTAHOBJICHA COOTBETCTBYIOIM 00pa3oM
CHCIHATHCTOM B O0JACTH TEXHWKH. HanpmMep, KOMIO3WIHIO 1O JaHHOMY H300pPETCHHIO MOKHO BBOJUTH
execyTouHO B 703¢ o1 0,0001 mo 10 r/kr, mpeamoururensHO, 0T 0,001 10 8 Mr/kr. 103y MOKHO BBOIUTH OJWH Pa3 B
CYTKH WIH JCTHTh HA HECKOJBKO MPHEMOB B TCUCHHUE CYTOK. IIpeaAnouruTensHo, coeauHeHne ®opMysl 1 MOKHO
BBOJUTH B CYTOUHOM J03€, Bappupyromeii ot 0,1 mr g0 10 mr, ot 0,1 Mr a0 5 mr, ot 0,1 Mr 10 2 wmr, ot 0,1 Mr 10 1
mr, ot 0,1 Mr 70 0.5 mr, ot 0,25 Mmr 10 2 Mr, oT 0,25 Mr A0 1 Mr, 0T 0,25 Mr 10 0,5 Mr, 0T 0,5 Mr 10 2 Mr, oT 0,5 Mr
1o 1 mr. Hanpumep, coeaunenne @opmyasl 1 MOKHO BBOAUTH B cyTouHOH 03¢ 0,1 mr, 0,125 mr, 0,25 mr, 0,5 Mr,
0,75 mr, 1 Mr, 1,5 mMr wom 2 mr.

B apyrom acmekte JaHHOTO H300pPETEHHSA PACKPHIT CHOCOO CKPHHHHIA BEINECTB, KOTOPBIC HHIYIHPYIOT
JU(p(PCPCHIMPOBKY HECPBHBIX CTBOJIOBBIX KJICTOK B HCHpoHSI, mpu >ToM 3ammmas HCK u HSHpOHBI B YCIOBHIAX,
HMHUTHPYIOLMMX HEHpOJETCHEPaTHBHOE 3a00JcBaHue, Takoe Kak 0oie3Hb Aubmreiimepa. B cmocobe ckpuHHHTa
MPUMCHIOT BCINCCTBA, BBI3BIBAIOMINC MOBPCKACHHC HCHPOHOB, Takue Kak Ocra-ammiaona, MPTP (1-metmn-4-
(eHUT-1,2,3,6-TCTparnAPOMUPHIANH), POTCHOH, OKCHao(pamuH, riayramar, LPS (ommomommcaxapun) u S100B (S100
KaIbIUif-CBA3BIBAOIII OcTOK B) M HEpBHBIC CTBOJIOBBIC KJICTKH, IIOJTYUCHHBIC Y MBIIIH, CIOCOO BKJIFOYACT CTAIHH:

1) 06pabOTKy HEPBHBIX CTBOJIOBBIX KICTOK, BBIICICHHBIX Y B3POCIIOH MBIIIH, BEMIECTBAMH, BBI3BIBAIOIIMH
TIOBPEKICHAE HEHPOHOB, TAKMMH Kak OcTa-aMHJIOna, 0cOOCHHO B ero oimromepoit popme, MPTP (1-mermn-4-
(eHUT-1,2,3,6-TCTparnAPOMUPHIANH), POTCHOH, OKCHao(pamuH, riayramar, LPS (ommomommcaxapun) u S100B (S100
KaTbIHH-CBA3BpIBarOIHil 6enok B);

2) noGaBieHUS HCCICAYEMOTO BEIICCTBA K HEPBHBIM CTBOJIOBBIM KJIETKAM, 0OpaOOTaHHBIM YKa3aHHBIMH
BBIIIC BEICCTBAMH, BBI3BIBAIOINMMH MOBPESKACHIC HCHPOHOB, H

3) m3yueHm1 qudGpepeHIMPOBKU HITH THOCTH HEPBHBIX CTBOJIOBBIX KICTOK ITyTEM aHAIN3a MOP(hOIOTHH.

B cmocobe CkpuHHWHTA NPEANMOYTHTCIBHO HCIOIb30BATE HEPBHBIC CTBOJIOBBIC KICTKH MBIIIHHOTO
TIPOUCXOKACHHU. Mcronp30BaHIE HEPBHBIX CTBOJIOBBIX KJIETOK, MOJYUCHHBIX OT TAKHX JKHBOTHBIX, KAK MBIIIb,
HMEET MMPEHMYIIECTBA IO CPABHEHUIO C YCIOBEUCCKUMH HEPBHBIMH CTBOJIOBBIMH KIIECTKAMHE, TIOCKOJIBKY CIIOCOOBI HX
KyJBTHBHPOBAHUS OOJIee TPOCTbIE, W BONMPOCHl JTHYECKOTO XapaKTepa BBI3BIBAIOT MCHBOIC JHCKYCCHIA.
KynmsTuBHpOBaHHE UYETOBEYECKHMX HEPBHBIX CTBOJIOBBIX KICTOK TpeOyeT Oonee 4acTOoW 3aMEHBI KyIbTYPaTbHOH
cpeapl U AOPOTOCTOSIIHX (PAKTOPOB POCTA, TOTAA KAK KYJITYPHI MBIIIHHBIX HEPBHBIX CTBOJOBBIX KJICTOK 3TOTO HE
TpeOyioT. IlpH KyJIbTHBHPOBAHWH HYCJIOBEYCCKUX HEPBHBIX CTBOJOBBIX KICTOK IIPOIECCH PA3MHOKCHHSI H
ma(depeHIMPOBKA KJICTOK 3aHAMAIOT MO 7 CYTOK, TOrZJAa KAk TPH KyJbTHBHPOBAHHH MBIIIMHBIX HEPBHBIX
CTBOJIOBBIX KJIECTOK Pa3MHOKECHHE 3aHHMacT 3-4 A, a il au(epeHIMPOBKH TPEOYESTCS BCETO JTHIIb KOPOTKHUH
TIEPHOT BPEMCHH, YTO MO3BOJIIET YCKOPHTH CKPHHUHT.

HepBHBIC CTBONOBBIC KICTKH MOKHO BBIICTATH H3 MO3TAa B3POCIHBIX MBIIEH W KyJIbTHBHPOBATH UL
NPUMEHEHNA. B3pOCbic HEPBHBIC CTBOJIOBBIC KJICTKU MBIIIN BBIAC/SIOT Y MBILECH B Bo3pacte OT 8§ 10 12 Heaens,

HATIPUMCP, U3 CYOBCHTPHKY/IAPHON 30HBI MBIIICH B Bo3pacte 8 Heaenb. CTAHOAPTHBIM SBIACTCS BBIACICHHC
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HEPBHBIX CTBOJIOBBIX KJICTOK MBIIH H3 JOOHBIX JOJCH MBIMHHBIX 3MOpHOHOB Ha 12-16 cytku recranmm. Ilo
CPABHCHHIO CO B3POCITBIMU HEPBHBIMH CTBOJOBBIMH KJICTKAMH MBIIIH, YMOPHOHATBHBIC HEPBHBIC CTBOJIOBBIC KICTKH
MBIIIU 007aJAF0T OONBIICH CTBOJIOBOCTBIO, UTO JOJUKHO ACTATH MX 00JICC CTOHKUMH K TOKCHUCCKHM YCJOBHAM.
OnHako, aBTOPHI JAHHOTO H300PETCHUS 3aMETHIIH, YTO KOT/IA YMOPHOHAIBHBIC HEPBHBIC CTBOJIOBBIC KJICTKH MBIIIH
TIOJBEPTANN BO3ACHCTBHIO OCTa-aMUIIOWIA, HE3aBUCHMO OT JOOABICHHUS HCCICAYCMOTO BCIUICCTBA, BCE KICTKH
moru0amn W HAOmoAaTh 3a Au(OCPCHIMPOBKOW HCHPOHOB OBLTO HCBO3MOXKHO (TMPUBCIACHHBIA A CPABHCHHSA
ITpuvep 1, Dur. 3). HampoTus, B3pOCHBIC HEPBHBIC CTBOJIOBBIC KJICTKH, BBIICICHHBIC H3 TOJIOBHOTO MO3ra
B3POCIHBIX MBIIICH, JEMOHCTPHPOBAIH OONBIIYI0 YCTOHYHBOCTh K OCTAa-aMHIIOHIY W IO3TOMY CYHTAIHCh Oolee
TIOJXO/UIIMHA 1UII CKPHHHHIA BEHICCTB, HHAYLUPYOOWX AU(G(EpEeHIMPOBKY B YCIOBHIX, HMHUTHPYROIHNX BA.
Taxum 06pa3oM, B coco0ax Mo H300PCTCHUIO MPUMCHSITH HCPBHBIC CTBOJIOBBIC KICTKH B3POCITBIX MBIIICH.

HeppHbIc cTBOJOBBIC KICTKH, BBIACICHHBIC Y B3POCIOH MBIIIH, MO’KHO BHOCHTH B KYJIbTYPAJBHYIO CpPEly B
Heu(pPEepPECHIMPOBAHHOM COCTOSHHHM W KyiasTuBHpoBaTh npH 37°C. KymsrypampHas cpema i HEPBHBIX
CTBOJIOBBIX KJICTOK MOKCT OBITH JM000H OCCCRIBOPOTOUHOW Cpeaoli ¢ modasncHHeM (DAKTOPOB POCTA, HO
MIPEATIOYTHTEIBHO TpeAcTaBsieT codoit cpexy IPM ¢ nmoGaeneHnmeM (hakTopoB pocTa TPH NEPBOHAYATHHOM
BBIJICIICHUH W KYJIbTHBHPOBAHUH HEPBHBIX CTBOJOBBIX KJICTOK B3POCIOH MBIIIH, a 3aTeM cpeay N2 IpH BBIICICHUA
W KyJbTHBHPOBAHWH OJWHOYHBIX KJICTOK mocie oOpasosanma Heiipocep. Cpema IPM mpeacraBmser coboi
HelfpoOaszaTpHYIO cpely, KoTopai MokeT BKmodath 1-4% mobaskm B27, 0,5-2% rayramakc, 100 ME/ma
meHunmTHHA 1 100 Mixr/Ma crpenromunmHA. Cpeaa N2 mpeacrasmaeT codoit cmecs cpeasl Urna B Mmogudukammm
Jympbexko u mararensroit cpeasl F12 (DMEM/F12) (1:1), koTopad MOKCT JOTOJTHUTCIBHO COACPKATH OTHH HITH
60oJree ueM OJHH KOMIIOHCHT, BRIOPAHHBIN U3 Ipynmsl, cocrosmei u3 90-110 MxM nyTtpectmHa, 20-40 HM cenenura,
10-30 M mporecrepona, 1,0-2,0 mr/mn d-(+) rmokoser, 20-30 mkr/mn wHcymmHa, 0,05-0.2 Mr/mm amo-
TpaHcheppuHa, 0,3-0,6 MM rayramaxca, 50-150 ME/vn nernmmmmaa 1 50-150 Mir/Ma crpenromunuaa. B cpeay
N2 moxHO 700aBIATH (PAKTOPHI POCTA, BRIOpaHHBIC W3 rpymisl, cocrosmel n3 10-30 ur/ma bFGF, 10-30 Hr/mn
EGF u wx cwmeceii. @akropel pocta BaKHBI J0d NOAJCPKAHUA HEPBHBIX CTBOJOBBIX KICTOK B
Heu(pPEepPEHIMPOBAHHOM COCTOSIHHH. J[11 TOYHOTO ONpeAciCHUS WHAynUpyomeh IuQepeHIMPOBKY HEPBHBIX
CTBOJIOBBIX KJICTOK AKTHBHOCTH HCCJICAYEMOTO BEINECTBA CICAYCT M0OABIATH HCCICAYEMOC BEIECTBO K HEPBHBIM
CTBOJIOBBIM KJICTKAM, KOTOPBIC MOAICPKABAIOTCA B HCAU(P(PCPCHUHPOBAHHOM COCTOSHUH Onaroaaps A00aBICHUIO
(paKTOPOB POCTA, MOAABIIOIINX TU(PPCPCHIHMPOBKY.

B cmocobe ckpuHHHra 1O JAHHOMY H300PETCHHIO MOKHO NPHMCHATh HMCIONIMICS B TPOJAke Ocra-
AMUIIOH, HATIPUMEP, mpeaocTaBiscMbrid kommanued Gibco (Waltham, MA). TIpeamouTHTCIPHO WCHOIB30BAThH
OcTa-aMHIIONA HYCIOBCUCCKOTO MPOUCXOKACHUA. Hambonee pacmpocTpaHCHHBIMH (hopMaMu  OCTa-aMIIonaa
apimotcsa AB(1-40), cocrosamuii u3 40 amuHOKHCTOT, B AP(1-42), cocTosammii u3 42 aMHHOKHUCTOT. M3 3THX ABYX
dopm AP(1-42) mmveer 60 CHIBHYK) TCHACHIIMIO OOPA30BBIBATH arperatbl, OCOOCHHO BBICOKO TOKCHYHBIC
TPUMEPHI U TETPAMEPBI, U TIO3TOMY CUHTACTCS TECHEE CBA3AHHBIM C NMATOJIOTHUCCKHMH H3MECHCHHAMH TTPH OOJNC3HA
Axprreiivepa (Dahlgren et al. (2002) Oligomeric and Fibrillar Species of Amyloid-f Peptides Differentially Affect
Neuronal Viability, J. Biol. Chem. 277(35):32046-32053; K. Murakami (2014) Conformation-Specific Antibodies
to Target Amyloid-f Oligomers and Their Application to Immunotherapy for Alzheimer’s Disease, Biosci.
Biotechnol. Biochem. 78(8): 1293-1305). Takum o0pa3oM, B cmocoO¢ CKPHHHHTA MO JAHHOMY H300PCTCHHIO
MIPEATIOYTHTEIBHO MPUMEHATh AP(1-42), B 4aCTHOCTH, 0HroMepHYI0 (hopmy AB(1-42).

B cmocobe ckpuHWHra mo JaHHOMY H300PETCHHIO oimroMmepsas (opma Oera-amMHIONIa JOJDKHA OBITh

MPSACTABICHA OTUTOMCPAMH W3 MCHES 4UeM 24, MPCAMOYTHTCIBHO, U3 12 WiH MCHES MOHOMCPOB OCTa-aMHIIONIa,
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foxec TMPEANOYTUTEIFHO, CMECHIO, B OCHOBHOM COCTOSINCH H3 TETPAMEPOB W TPHMEpPOB OCTa-aMHJIOHIA, IO
CYIECCTBY TpH OTCYTCTBHH mpoToQuOpmmn wmu (puopmmn Oera-ammiaonaa. Ommromepuast (gopma AP(1-42) B
JAHHOM H300PCTCHHH MOXKCT OBITH TOJIYHUCHA CIMOCOOOM, ONMHCAHHBIM B JOKyMcHTE [Dahlgren et al. (2002)
Oligomeric and Fibrillar Species of Amyloid-p Peptides Differentially Affect Neuronal Viability, J. Biol. Chem.
277(35): 32046-32053]. B wactHOCcTH, AB(1-42) pacTeopsor B reckcadropuzonpomnanone (HFIP), seicymmBaroT B
BaKyyME H 3aTe€M BBICYIICHHBIH HENTHX pecycneHHAPYIoT B DMSO B konmeHTpammn 5 mMM. JoGapmsor
DMEM/F12 (6e3 (bcHONOBOTO KpPacCHOTO) W JOBOAAT KOHICHTpaumro nentuaa Ao 100 MxM, mocme dero
nHKyOupyot ero npu 4°C B TeueHue 24 4acos.

B cmoco6e ckpuwHMHTAa TO AaHHOMY wu300percHm0o MPTP mpeacrasiser coOOl MPOICKAPCTBO IS
Heiiporokcmna MPP+  (1-metun-4-¢ennmmupuanaa). MPP+  BBBBIBACT NEPMAHCHTHBIE CHMITOMBI OOJIE3HH
IMapxurcona (BIT) 3a cuer aecTpykumu 10 (haMHHEPTHUECKIX HEHPOHOB B YCPHOM BEILECTBE TOJOBHOTO MO3TA.

H3BeCTHO, YTO POTCHOH, BEINECCTBO, BBIZBIBAIOIICE ACTCHEPAIHIO T10(haMHHEPTHYCCKIX HCHPOHOB B USPHOM
BCINCCTBE 32 CYET HHTHOWPOBAHWSA B KICTKAX AKTHBHOCTH MHTOXOHIPHANHHOTO KOMIUICKCAa 1, BBIZBIBACT
MATOJIOTHYCCKHE MpU3HAKH BIT.

OxcuaopamuH,  Takke  OOO3HAwaeMbli  O-rugpokcumodpammaom  (6-OHDA) wmn 2.4.5-
TPUTHAPOKCHPCHITHIAMHHOM, IPEACTABIACT OO0 HEHPOTOKCHYHOE COCANHECHUE, KOTOPHIC aBTOPBI H300PETCHUS
HCTIOJIB30BANH U1 H30MPATEIbHOTO pazpymeHHus A0(aMHHEPTHUCCKHX W HOPAJPCHEPTHYCCKUX HEHPOHOB B
roTOBHOM Mosre. Cumraercs, 4To OKCHAO(AMHH IMPOHHKACT B HEHPOH HEpe3 TPAHCIIOPTEPHI, OCYINCCTBILOIIMC
oOparHblii 3axBar fodamMuHA W HOpaapeHaTWMHA. 11 W30HMpaTenbHOTO MOBPEKICHAS 10(aMHHEPTHUCCKUX
HEHPOHOB TaKke NPHMEHSIOT CCJICKTHBHBIC HHIHOWTOPHI OOpAaTHOTO 3aXBaTa HOPAApPCHANMHA, TAKWE Kak
JC3HIPAMHH.

I'mytamar IeHCTBYST Kak OCHOBHOI BO30Y)KIAOIIWIT HCHPOMSIHATOP B LCHTPATBHON HCPBHOM CHCTEME
(IHC), HO M3BECTHO, YTO B BHICOKHX KOHICHTPALHMAX OH MOBPEHKACT HEHPOHBI W BBI3BIBACT KJICTOUHYIO THOCIb.
I'myramaTHast 3KCAaHTOTOKCHYHOCTH ACCOIMHPOBAHA HE TONBKO C OCTpeiM mospekacHueM [[HC, takmM kak
HIICMHWYECCKOE MJIM  TPAaBMATHYCCKOE TOBPEKACHHWE TOJOBHOTO MO3ra, HO TaKkkKe H C XPOHHYCCKUM
HeliporereHepaTuBHBIM 3a001eBanneM, TakuM Kak BAC, paccesrHbIf ckiepo3, BIT u 1.4

LPS (mmmononmcaxapua) ABISECTCS KOMIIOHCHTOM KICTOYHOW TOBEPXHOCTH TI'PAaMOTPHIATEIBHBIX
OakTepuii, 1 MOKCT MPUMCHATECA, Hanpumep, LPS, BeineacHusIn w3 Salmonella typhimurium (Sigma, St. Louis,
MO). LPS BbI3bIBaCT ¥ ’KHBOTHBIX BBIPAKCHHBIH HMMYHHBII OTBET, 4 TAKXKC BBI3BIBACT BOCHAJIMTEIBHBIN OTBET 3a
CYET AaKTHUBALIMH MHUKPOTJIHH B HEpBHOH cmcreme. Cekpenws MpPOBOCTIANUTCIBHBIX BCINECTB BCICIACTBHC
CBCPXaKTHBAUMH MHKPOTJIMH MOXET HAPYMIaTh T'OMEOCTAa3 B HMMYHHOH CHCTEME H BBI3BIBATH CBA3AHHOC C
ayTOMMMYHHBIM 3200JICBaHHCM HelipoacreHepaTuBHOe 3a00acBanne LIHC, Takoe Kak paccesHHBIN CKicpo3, BA u
BIL

S100B mpencraBmier coO0OH KambIMH-CBA3BIBAIOMIMN OCTOK, SKCIPECCHPYEMBIH M CEKPETHPYCMBbIH
acrporramMu. OH 06magaeT HEHPOTPO(PHUUECKOI AKTHBHOCTHIO TIPH PA3BUTHH U IOJACPKAHHA HEHPOHOB M BIHSCT
HA HOpMaJIbHbIC KOTHHTHBHBIC (PYHKIUH ToJOBHOrO Mo3ra. OJHAKO, aHOMANbHO BEICOKHE ypoBHH S100B OyayT
AKTHBHUPOBATH TJIHIO H BRI3BIBATH HCHPOBOCTIANMTEIBHBIC OTBETHI, KOTOPBIC MMOBPEKIAIOT HEHPOHBIL.

B cmoco6¢ CkpuHHHTA O JAHHOMY H300PCTCHUIO Mepea A0OABICHHEM HCCIICAYCMOTO BCIICCTBA HCPBHBIC
CTBOJIOBBIC KIJICTKH ITOJBEPrar0T BO3ACHCTBHIO BEINCCTB, BBHI3BIBAIOIINX MOBPEKICHHE HEHPOHOB, TAKHX Kak Oera-
ammnona. B padee omyONIMKOBAHHBIX SKCHEPHMEHTAX, YTOOBI 3aPETHCTPHUPOBATH HEHPOMPOTCKTHBHOC BIHSHHC

HCCICAYCMOr0 BEMCCTBA, HCPBHBIC CTBOJIOBBIC KIICTKH BHAYAJIC ITOABCPT AN BO3ACHCTBHUIO HCCICOAYCMBIX BCIICCTB B
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TCUCHHC HCKOTOPOTO BPSMCHH, a 3aTeM modasiurn Octa-ammiaony (J. Korean Neurol. Assoc. 21(2):174-182, 2003).
Taxko# crioco® He OTpaXkaeT peaTbHOH CHTYallH, HMEIOICH MECTO TPH JICUCHHUH, KOTAA JICKAPCTBEHHOE CPEICTBO
BBOJUIT NAIMCHTaM C OOJIC3HBIO AbIrefiMepa, Y KOTOPBIX OCTa-aMHIONT YKE IPHCYTCTBYET B TOJOBHOM MO3TE.
Jta Goice TOYHOH HMHTALIMH YCIOBHI B TOJJOBHOM MO3IC MANUCHTOB ¢ O0JIC3HBI0 ATbITredMepa HA MOMCHT HA4aja
JICUCHNS, HEPBHBIC CTBOJIOBBIC KJICTKH BHAYAJC CICAYCT MOABEPTaTh BOZACHCTBHIO OCTa-aMHIOHNIA, A OCHE 3TOTO
J00aBIATH HCCIETyEMOTO BEIECTBO, KAK JACIaiH B JAHHOM H300pCTCHHN.

Hccnenyemoe BemecTBO I00ABISIFOT K HEPBHBIM CTBOJIOBBIM KJICTKAM ITOCIIC BO3ACHCTBHS HAa HHUX OcTa-
aMHJIOHA W 3aTE€M KYJIbTHBHPYIOT, CKECYTOUHO moOamiii (paktopsl pocta. [locne BO3ICHCTBHA HA HEPBHBIC
CTBOJIOBBIC KICTKH WCCJICAYCMOTO BEINECTBA MOXKHO YCTAaHOBHTH, O00JAaJaeT JM WCCICAYEMOC BCINECCTBO
HHOYLHPYIOeH An((epeHUNPOBKY HEPBHBIX CTBOJIOBBIX KICTOK AKTHBHOCTBEO, AHATH3HPYA MOP(OIOTHIO caMoe
McHbIIee uepes3 12 yacos u camoe Ooubiee yepes 48-72 uaca mocne BO3ACHCTBHSL

IMpn amammse MOPQOIOTHH WCHONB3YIOT (DA30BO-KOHTPACTHBIH MHKPOCKON [T HAOMIOACHHA U
ompeacncuus Mopdosornn kietkn. Kak MoxHO 3ameTuth B BepxHel wactn @ur. 2, auddepennuposanusie (JI)
HEPBHBIC CTBOJIOBBIC KJIETKH YETKO OTiamdaroTcs oT Heau(pdepenumposannsx (H). V HemuddepeHIMpoBaHHBIX
KJICTOK KJICTOYHOE TEJI0 KPyIMHOE, (hopMa OTPOCTKOB, TAKHX KAK aKCOHBI M ACHAPHTHI, TPYAHO Pa3inunMa, a odmee
KOJIHICCTBO KIICTOK ABJIACTCA BBICOKHM, IMMOCKOJBKY KJICTKHU IMOCTOSAHHO AOCIIATCA. v I[I/I(I)(l)epeHI.[I/IPOBaHHBIX KJICTOK
KJICTOYHOE TENIO HEOOIBIIOE U OKPYTIIOE, TOTIA KAK OTPOCTKY TOHKHC U BBITSHY THIC.

HepBHBIC CTBONMOBBIC KICTKH, HCIOJb30BAHHBIC B CHOCOOC CKPHHUHIA II0 JAHHOMY H300pETCHHIO,
ABJLIFOTCA OTHOCHTCIIBHO XPYNKHUMH IO CPABHCHUIO C HOPMAJIBHBIMHA HJTH OITyXOJICBBIMH KJICTOYHBIMH JTHHUAMH H
YYBCTBHTCIBHBI K TOKCHYCCKOMY BO3ACHCTBHIO HCCICAYEMOTO BEHICCTBA. ECiImM HCCIexyeMoe BEIIECTBO
JACMOHCTPHUPYCT KICTOYHYH) TOKCHYHOCTH, B MHKPOCKON MOYKHO YBHICTH MOTHOIIHE KJICTKH, YTO IIO3BOJIACT
OOHAPYXHTHh KJICTOYHYI0 TOKCHYHOCTh OJHOBPEMECHHO C OIpeJC/iCHHEM HHAyHHpyiomed au(ghepeHIHpOBKY
AKTHBHOCTH.

CornacHo cmoco0y CKPHHHHTA [0 JAHHOMY H300PCTCHHIO, MOYKHO IPOBOJUTH CKPHHHHT BCILICCTB,
o0mamaroImux WHAYUHPYIOHmCeH au((CPCHIMPOBKY HCPBHBIX CTBOJIOBBIX KICTOK AKTHBHOCTBIO, B YCIOBHAX,
HMUTHPYIOLIAX YCJOBUS B TOJIOBHOM MO3T¢ MAMCHTA C OOJNE3HBIO AnbLreiiMepa, B HACTHOCTH, B YCIOBHAX, LIS
MPUCYTCTBYKOT OJIMTOMCPHBIC (HOPMBI OCTa-aMHIOWAA, KOTOPHIC, KAK H3BCCTHO, TCCHO KOPPCIHUPYIOT C YTPATOH
HCHPOHOB. DTO ACNACT CHOCOO CKPHHUHTA MO JAHHOMY H300PCTCHHIO TOIXOAAIUM AT CKPHWHHHTA BCIICCTB-
KaHIWUIATOB, KOTOPBIC MOXKHO IPHMCEHATH UL OCHOBHOTO JieueHms1 Ooxe3nn Ampnreiimepa. Kpome Toro, croco6
CKPUHHHTA YIOOCH TCM, YTO OH MO3BOJIICT ONMPCACTHTH MO KJICTOUHOH Mopdomoruu, aud@epeHUHpOBATHCE JTH
KJICTKH, HC Tpe6y51 NPOBCACHUA AOOMOJHUTC/IBHBIX JKCTICPUMCHTOB. KpOMe TOTO, KOrga HCPBHBIM CTBOJOBBIM
KJICTKAM MO3BOJLTOT AH(()CPCHIUPOBATECA CCTCCTBCHHBIM 00pa3oM B cpene 6¢3 (pakTopoB pocTa, 3TO 3aHUMACT IO
MCHBIICH Mepe 48 HacoB, MOCIC Yero HabIFOAACTCA H3MCHCHHS KICTOUHOH Mop(omormu. B ciayuac Bo3aciicTBug HA
KJICTKH BEIICCTB, KOTOPHIC OONAJar0T BBHICOKOW WHAyIHpYROmEH Iu(depeHIMPOBKY aKTHBHOCTBIO, HX 3((eKT
MOKET HAOMOAarTscs yKe depe3 12 4yacoB mocie BO3ACHCTBHA W caMmoe To3mHee, uepe3 48-72 waca mocne
BO3ICHCTBUA, HOCMOTPA HA NMPHCYTCTBHC B CPeAC KyJIbTHBHPOBAHHA KICTOK (JaKTOPOB POCTa UIA MOJABICHHA
maddepenmmposkn. Takum 00pa3zoMm, cmoco0 CKPHHHHIA ABILICTCS OBICTPHIM H 3()(EKTHBHBIM, ITOCKOIBKY
TOKCHYHOCTh HCCJICAYCMOTO BCINECTBA MOXKHO OOHAPYKUTH OJHOBPEMEHHO C ONPCACICHHCM HHAYLHPYIOIICTO
ma(depeHIMPOBKY BIHSHIA.

Kpowme Toro, maHHOE H300PETCHUE OTHOCHTCSA K HAGOPY, KOTOPBIH MOKHO HPHMEHATD TS OCYICCTBICHHSA

VKA3aHHOTO BBINIC CTOCO0Aa CKpuHWHra. JIaHHBIH HAOOP MOKCT BKIHOUATH HCPBHBIC CTBOJIOBBIC KIICTKH,
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TIOJYYCHHBIC OT B3POCJOH MBIIM, BEINCCTBA, BHI3BIBAMOIINC MOBPESKACHHC HEHPOHOB, TAKHE KaK OCTa-aMHJIOHT,
MPTP, poreHon, okcumodamun, raytamar, LPS wmm S100B, paxropsr pocta, Ky IbTypaabHYIO Cpeay, JOOABKH I
KJICTOYHBIX KYJBTYP M IUIAHIICTH IS KyJbTHBHPOBAHUS KICTOK (TIOKPBITHIC WM C OTACTBHBIMH PACTBOPAMH U
HMMOOHWITH3AIMHA HA TIOBEPXHOCTH IIAHIICTOB).

Janee manaoe m300peTeHNE OyaeT onmmucano 0oJiee moJpOOHO C OTCHUIKOM K caexyrommM [Ipnvepam. Tlpu
3TOM 3TH IPHMEPHI HE CICAYET CUUTATh OTPAHMYMBAOIIMMHU 00BEM H300peTeHHSA W ero manoxeHue. Cremyer
TIOHAMATh, YTO HA OCHOBAHWH CBE/ICHHH, N3JIOKCHHBIX B TAHHOM H300PCTCHUH, BKIFOUas [ IpuMephl, CenUaImcT B
00JJaCTH TEXHHKH MOKET OCYIICCTBHTH APYTHC BOIUIOIICHHSA AAHHOTO H300PCTCHUS, MPAKTHYCCKUE PE3YJIbTAThI
KOTOPBIX HE NPEACTABICHBI B ABHOM BHzc. Takwe MoAM(DHUKALMA M BAPHAHTHI BXOXAT B 00BEM IpHIATArOIICHCA
(hOPMYTIBI H300PCTCHUA.

IMPUMEPHI
Mpmmep 1. CrocodnocTh coequnenns @opmysinl 1 nagymaporars anddepenmuposky HCK B
IMOPHOHAJIBLHBIX HEPBHBIX CTBOJIOBLIX KJIETKAX MBIIIH

Cragusa 1: KynsTusupoBaHie SMOPHOHATBHBIX HEPBHBIX CTBOJIOBBIX KJICTOK MBIIIH

Cramus 1A: KynpTUBHpOBAaHHEC 3MOPHOHATBHBIX HCPBHBIX CTBOJOBBIX KJICTOK  MBIIH B
HeAU(DPESPCHIMPOBAHHOM COCTOSHHUA

HepeHBIC CTBOJIOBBIC KIICTKH BBIICIATH W3 TOJOBHOTO MO3ra 14,5-CYTOYHOTO MBIIHMHOTO 3MOpPHOHA
obOpadareiBamm 10 HI/MIT YCTOBCUCCKOTO OCHOBHOTO (haktopa pocra ¢udpodmacros (bFGF) (Peprotech, Princeton,
NG, xar. Homep 100-18B) u 20 Hr/ma uenoBeueckoro >muacpmaitsHoro (pakropa pocra (EGF) (Peprotech, xar.
HoMep AF-100-15) B kymbTypambHO# cpeme N2 M KyJIbTHBHPOBATH B CycneH3uH B 25 cM’ (aakomax (Nunc,
Pittsburgh, PA) B reucuue 4 cytok. O0pa3oBanue Helipocdep HaOmogaM Yepes 2 CyTOK.

J1s BBIACTICHUS OJWHOYHBIX KJICTOK TOTOBHJIHM HAKAHYHE G-JIYHOUHBIC IUTAHOICTHI, 00pabaThIBasi TyHKH
pacteopoM nom-L-opauTaHa (Sigma, St. Louis, MO, kar. HomepP2533) B koHUEHTpauwu 15 MKI/MI 1 HHKYOHpY st
B TeueHne Houd mpu 37°C ama mmMmoOmmmsarmu. B CyTkH, KOrzna MpOBOIMIN BBINCJICHHE OAMHOYHBIX KIICTOK,
pacTeop moM-L-OpHWTHHA yJASUTH, IUIAHINCTHI NPOMBIBATH TpU paza (ocparHo-coneBbiM Oy(epom PBS m
mobasia pacTeOp (pudOponekTHHA ¢ KoHOCHTpaumeH 10 mxr/ma (Gibco, Waltham, MA, kar. sHomep 33016015) u
nHKyOuposamm mpu 37 °C B TeueHune 2 4acoB a1 uMMoOmm3ammy. [locie 3aBepiueHns MOATOTOBKY IDIAHIICTOB
Hehipocepsr obOpadareiBamm TryPLE (Gibco xar. HOMep 12604013), pa3menamm Ha OIWHOYHBIC KICTKH,
TMIOACUHUTBHIBAIA U PA3BOIIIH J0 KOHLICHTPALHMHA 4~5x10° kmetok Ha 200~300 MK pacTtBopa AyiA KyJIbTHBHPOBAHHA
(xynprypanpHas cpeaa N2 ¢ mobasnermem 10 ur/ma bFGF u 20 ar/mMn EGF). HenocpencTBeHHO mepesn OCeBOM
HMMOOHWIH3YIONIMH PAacTBOP OTCACHIBATH M, HE JAaBas IUIAHIICTY BBICBIXATh, MPOWM3BOMIUIN IOCEB OJMHOYHBIX
KJICTOK, PaBHOMEPHO pacmpenessii HX B JYHKaxX IDlaHmera. KieTkaMm maBaidu HPHKPENHTHCS K MOBEPXHOCTH
IUTAHIIETA TPHOTU3UTEIPHO B TCUCHHE | MHHYTHI M IOCJEC TOTO, KaK KJICTKH JOCTAaTOYHO NPHKPEIULLINCH, K
KJIeTKaM 100aBmsamm eme 1,5 M1 KyapTy paabHOi cpensl (KyapTypaibHag cpeaa N2 ¢ modasieruem 10 wHr/mn bFGF
u 20 vr/mx EGF) u ky meTuBHpOBamH B HHKYOaTope ¢ Temueparypoii 37°C.

Cocras KyIeTypaabHOiT cpeabl N2 OBLT CIICAY FOLIHM:

Cpena Urna 8 momgudpukammu ymsdekko (DMEM)/F12 (1:1) (Gibco, xar. Homep 11320033), 100 MmxM
myTpecunH (Sigma, kar. Homep 51799), 30 HM ceneHut (Sigma xar. Homep S5261), 20 HM mporectepoH (Sigma
kar. Homep P0130), 1,55 mr/mn d-(+)-rmoko3a (Sigma, xat. Homep G8270), 25 mxr/mn wHcymwH (Gibco, xat. HOMEp

12585014), 0,1 mr/mn ano-tpancheppun (Sigma kxar. Homep T1147), 0,5 MM rayramakc (Gibco, xar. HOmep
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A1286001), 100 ME/mn nernmummia (Gibco, kat. Homep 15140122), 100 mxr/ma crpentomurme (Gibco, Kar.
HOMep 15140122).

Cragua 1B: Ky TeTHBHpOBAHHC HCPBHBIX CTBOJIOBBIX KICTOK O0C3 HHrHOWpOoBaHUA JH(PPepeHINPOBKH

OMOpHOHAIBHBIC HEPBHBIC CTBOJIOBBIC KJICTKH MBIIIH KyJIbTHBHPOBANH, Kak omucaHo mr1 Cramum 1A, 3a
nckmodecHieM nodasneHmst bFGF w EGF npu pasnencHun HEPBHBIX CTBOJOBBIX KICTOK HA OJXWHOYHBIC KICTKH H
TOCEBE.

Cramms 2: JIo6aBICHHE HCCICIYCMOTO BEIICCTRA

Cocaunerne @opmynsr 1 (manee odo3rauacmoe TpameTnand) (Medchem express, Monmouth Junction, NJ,
KaT. HOMCP B Pa3muuHbIX KOHUCHTparuax HY-10999A) u AS703026 (mmmaceptud) (Selleckchem, Houston, TX,
Kat. HoMep S1475) no0aBminm e:KecyTOUHO K 3MOPHOHATGHBIM HEPBHBIM KICTKAM MBIIIH, KYJIbTHBHPYEMBIM, KaK
ommcano Ha Craguu 1 A, 0 Ky IbTHBHPOBAJH B TCUCHHCE 4 CYTOK.

Cragua 3: Ananns Mmopdonornu

Mopdomormo  KIETOK  m3ydauum 1ox  (pa30BOKOHTPACTHBIM —~ MHKPOCKOIIOM —YEpe3 UCTHIPE  JTHS
KyJIbTHBHPOBAHUA, PE3YJIbTATHI IPHBEACHBI HA Dur. 1.

Ha ®ur. 1 abo6pesmatypa HJ (meauddepeHumposanubic) 0003HAUACT HEAUPPCPCHIMPOBAHHEIC
sMmOpuoHabHbIe HCK Mbrmu, momyueHusie Ha Ctaguu 1A, rae KIeTKH HE TOABEPTain BO3ACHCTBHIO KAKOTO-IHO0
nceneayemoro semectsa. /[l (muddepenimposannsie) odo3Hauaet auppepenuuposanubic dMOprHoHambHEle HCK
by, nonydeHHsle HA Cramum 1B, rae KIeTkH HEe NMOABEPrajiM BO3ACHCTBHIO KAaKOTO-THOO HCCICIYEMOTO
semecta. Hemuddeperuuposannsie HCK B rpynme HJ mveror kpymaoe Teno, (OopMa OTPOCTKOB TPYIHO
pasnuunMa, a o0IIee KOIMIECTBO KICTOK BBIIIC 10 CPABHCHUIO C TPYIION | BCIEACTBHE HENPEPBHIBHOTO ACICHUS
knerok. JuddeperHunpopannsic KreTku rpynms! [l HMEIOT 00Jee MEIKHE OKPYTJbIC TENa C JJHHHBIMH TOHKHMH
OTPOCTKAMH, YTO MO3BOJHET HX JETKO OTIUYUTH OT KICTOK rpymmst HJI.

Kaxk noxazano Ha ®wur. 1, coennaenne @opmyns! 1 (TpaveTnHnO) B HU3KUX KOHIEHTpanmax 10 HM, 25 eM
u 100 'M (0,1 MxM) nerxko maayumposano muddepenumposky HCK B Hetiponsl. Konuenrpamms AS703026,
HCoOXoamWMAasd 14 Havana HeWpoHampHOUW au(pepeHmuposkyu, coctasmaia 1,0 MkM u B 100 pa3 mpeBbimana
TaKOBYHO TPAMETHHHOA.

BwmecTte B3ATBIC, 3TH PE3yIbTATHl YKA3BIBAKOT, UTO cocauHEHHE PopMyms! 1 (TpamMeTHHHO) HHIYLIUPYET
mappepermmporky HCK B HEeHpOHBI W JaHHBIH 3(Q(PEKT HAOMOIACTCA YoKE MPH OUCHD HU3KUX KOHOCHTpanmax (10
HM © BbIIIE). 3TO MOBOJLIET MPEANOIOXKATD, YTO cocAuHEHHE POopMyIBI 1 MOKHO MPUMCHATh B KOMITO3HISIX M
cmocodax muddeperumposkn amd  wHAYKOEH gapgepeHmmpopkn HCK B HEHipoHBI W I ICUCHHA
HCHPOJCTCHCPATHBHBIX 3a00ICBAHMAN.

Mpumep 2. CiocodnocTs coeamuenns Gopmyas 1 uaayruposats mudpepenmposky HCK y
B3pociabix HCK mbimeii (cnocod CKpHHHHTA BEMECTB, CMIOCOOHBIX HHAYIHPOBATH Anddepenunporky HCK
B HEliPOHBI IPH OTHOBPEMEHHOI1 HX 3aNTNTE)

Cramusa 1: Kymerusuposanue s3pocibrx HCK Mprmeit

Cragusa 1A: Kynerusuposarue B3pocisix HCK mpnneii B Heauddhepe HIMpoBaHHOM COCTOSTHUA

HCK sBpigenssmn w3 cyOBEHTPHKYJIIPHOH OOJACTH TOJIOBHOTO MO3Ta MbIEH B BO3pacte 8 HEAETs,
TIOJABEPTAIN BO3ACHCTBHIO 20 HI/MII HETIOBEUECKOTO OCHOBHOTO (pakTopa pocta pubpodmacros (bFGF) u 20 Hr/mn
YCIOBCUCCKOTO 3mmacpManbHOro (akropa pocra (EGF) B cpene IPM u KyTbTHBHPOBATH B CYCHCH3HH B 24-

JIYHOYHBIX IIAHIICTAX B TCUCHHE 7 CyToK. OOpa3osanne Heiipoc(ep HAOIFO1a | yepes 4 CYTOK.
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3a 1BOC CYTOK 10 BBIJCJICHHS OJUHOYHBIX KJICTOK TOTOBHJIH 6-JTyHOYHBIC IIAHIICTHI, 00padaTeiBas Iy HKH
pacteopoM nonu-L-opHUTHHA B KOHUEHTpamuu 10 MKI/MI W WHKYOHWpYd B TCUCHHEC HOYH INIPH KOMHATHOM
Temrmeparype sl mMMoOmmmzanmy. Ha cieayromue CyTKH pacTBOp IOJH-L-OPHHTHHA YJAMSUTH H IIPOMBIBAITH
IUTAHIIETHI 3 Paza CTEPUIBHOH TPEXKPATHO JHMCTHILTHPOBAHHOW BOAOH. 3aTeM M00ABIIN pacTBOP JaMHUHHHA C
roHueHrpanueii 0,5 mr/ma (Roche, Upper Bavaria, Germany, kar. Homep 11243217001) u nakyOuposamu nipu 37°C
B TCUCHHC HOYHW 1A mMMmoOmmm3anuu. [locie 3aBepmicHHS MOATOTOBKH IDIAHINCTOB Hefipocepsr oOpadarsmarm
0,025% pacteopom TpuncuHa-3ATA, pazaemsum Ha OJWHOYHBIC KICTKH, MOJCUYHTHIBANH W Pa3BOJUIH 10
KOHIEHTpamuH 4~5x10° x1eTok Ha 200~300 MK pacTBOpA I Ky TbTHBHPOBAHHA, PAacTBOpP MTA Ky IbTHBHPOBAHHS
MPSACTABILT CO00OH KymbTypambHyro cpeay N2 (¢ mobasaermem 20 wr/Ma bFGF w 20 umr/mn EGF).
HenocpencrseHHO mepes MOCEBOM HMMOOWIH3YIONIME pPacTBOP OTCACHIBANM M, HE JaBas IUIAHIICTY BBICHIXATh,
TIPOM3BOIMIIA TIOCEB OJWHOYHBIX KIJICTOK, PABHOMEPHO pacnpeaciis WX B JIYHKAX IuiaHmera. Kietkam aasann
TIPUKPENTATHCS K IUIAHIIETY MPHONH3UTENPHO B TCUCHHEC 1 MHHYTHI M IOCIE TOTO, KaK KJICTKH HMPHUKPEIIUINC, K
KJIeTKaM 100aBmy eme 1,5 M1 KyapTypaapHOH cpeasl (KypTypambHad cpena N2 ¢ modaeiacaueM 20 Hr/ma bFGF
u 20 ur/mu EGF) n kymeTuBupoBamm B nHKyOarope ¢ remmeparypoii 37°C B reueHne 24 4acos.

Cocras IPM u xynbsTypansHOii cpexbl N2 OBLT CITe Ay FOIIIM

Cpena IPM: HetipobasamsHas cpeaa (Gibco, kat. Homep 21103049), nobaska B27 (Gibco, kar. HOMEp
A3582801), rmyramakc, 100 ME/mm merummimHA, 100 MKI/MIT CTPEITOMHULIAHA.

Cpema N2: Cpexga Urna 8 momudpukamun Jymsockko (DMEM)/F12 (1:1), 100 MmxM myTtpecmuna, 30 HM
ceneHuTa, 20 HM mporectepoHa, 1,55 mr/mir d-(+)-Tmroko3sr, 25 Mir/Ma wHCymmHA, 0,1 MT/MI ano-TpaHCpCppHHa,
0,5 MM rayramakc, 100 ME/Mn neanmumiraa, 100 MKT/MIT CTPSOTOMHAIIMHA.

Cragua 1B: Ky nbTHBHpOBAHHC HCPBHBIX CTBOIOBBIX KICTOK OC3 HHrHOWPOBAaHUA JU(PPCPCHINPOBKH

B3pocnble HEpBHBIE CTBOJOBBIC KJICTKH MBIIH KyJbTHBHpOBanW, Kak ommcano amt Cramum 1A, 3a
nckmodecHieM nodasneHmst bFGF w EGF npu pasnencHun HEPBHBIX CTBOJOBBIX KICTOK HA OJXWHOYHBIC KICTKH H
TOCEBE.

Craqus 2: BHecenne Geta-amMmonaa

Iocme 3amensr cpennl B kyaprype HCK Ha Cragnu 1 B kakayro nyHKy BHocwmm 10 MkM OcTa-amMuionaa
(AP) (Gibco, xar. Homep 03112). JlyHKH, B KOTOpBIC HE BHOCHJHM OCTa-aMHJIOWZ, HCIOJIBb30BANN B KAUECTBE
OTPHULATETEHBIX KOHTPOICH.

Uenoseueckuit AP (1-42) mpruobperamn B kommannu Gibeo’s (Waltham, MA) mr1 npuMeHEHHS B KaUeCcTBE
ocra-ammnonaa (APB) w 41 06pa30BAHAA OJIMTOMEPOB HCTOTB30BATH ClieAyommi cnocod. CHauama 6eTa-aMuIona
pacteopam B 100% HFIP (1,1,1,3.3,3-rekcadrop-2-mponanone) (Sigma, xar. Homepl05228) mo xoHueHTpamuu 1
MI/MJ W TIEpeMCEIIMBANK HA BOPTCKCE NMPH KOMHATHOH Temmepartype B TeueHme 1 waca. 3areM €ro Cynmmid B
teucHue 10 MuHYT ¢ Hemoap3oBaHueM speed Vac, mocme uero aodasmimm DMSO (Sigma, kar. HomepD2650) mia
JIOBEACHHS KOHICHTPAINH 10 5 MM U 3aTeM clerka IepeMEIInBaid Ha BOPTEKCE NMPH KOMHATHOW TEMIIEpPaType B
teucHne 10 muryr. DMEM/F12 (6e3 ¢enomooro kpacuHoro) (Gibco, xar. HOMep 21041025) mobasiaamu 10
KoHewHOW KoHIEHTparmu 100 MxM. PactBop mukyOuposanm nipu 4°C B TedyeHue 24 4acoB W 3aTe€M J00ABIUH K
KYJIBTHBHPYEMBIM KJICTKAM.

Cramums 3: JIo6aBICHHE HCCICIYCMOTO BEIICCTRA

Hememmenno mocne BHeceHms Oecra-aMmiionza K KyJabTypaM kietok mobasmwum 10 HM, 100 =M

TpameTuHNOa, 5 MKM, 10 MkM memanTHHA (Sigma, kat. Homep M9292) u 10 MxM AS703026 (mmmacepruda). HCK
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KYJBTHBHPOBAH B TCUCHHC 4 CYTOK C ¢xkecyTounbM nodasicHuem EGF, bFGF, Ocra-aMuionga u HCCIIC Ay SMBIX
BCILICCTB.

Cragusa 4: Anannz Mmopdonornu

Uepes yersipe JHA KyJIbTHBHPOBAHUS H3y4Yadd MOP(OIOTHIO KICTOK IPH NOMOIMH (a30BOKOHTPACTHOTO
MHKPOCKOTIA, PE3yJIbTAThI IPHBEACHBI Ha Dur. 2.

Ha ®wur. 2 B BepxHeM psay moxazans! B3pocisic HCK mpImim, koTophle HE oABEpraan BO3ACHCTBHIIO OeTa-
aMuonaa, a B HkHEM paay - HCK, xotopeie moasepramm Bo3aciHcTBHIO O¢Ta-aMIIONAa B KOHICHTpariu 10 MkM.
HJ (semud¢epernupopannbic) odo3Havact Heau(pdepeHunposannsie B3pocnpie HCK mbimm, momyueHHBIC Ha
Cragum 1A, TOC KICTKH HC TOABCPTadH BO3ACHCTBHIO KAKOTO-THOO HCCICAYCMOTrO BemecTa. /|
(au(ppepeHmpoBanase) 0003HauacT auddepernuposannsic B3pocasic HCK mbimm, moayueHusie Ha Ctagun 1B,
I7e KICTKH HE TIOABEPTain BO3ACHCTBHIO KAKOTo-MHOO necneayemoro semecTsa. Hemuddepenunposannsie HCK B
rpynme HJI BepxXHETO pAma, HC MOABCPTaBINHCCH BO3ACHCTBHIO A, WMCIOT KPymHOS TEl0, (pOpMa OTPOCTKOB
TPYAHO Pa3IiduMa, a o0Inee KOJIMUYECTBO KICTOK BBIMIE IO CPABHEHHIO C TPyNIoN [l BCIEACTBHE HENPEPHIBHOTO
JeneHus KiaeTok. An(hepeHnupoBaHHbIe KISTKU TPYIIbI J| HMEIoT OoJiee MEIKHE OKPYTIIBIC Tea C Y UTHHCHHBIMH
TOHKHMH OTPOCTKAMH, YTO IO3BOJIIET HX JIETKO OTJIMYHUTE OT KIeTOK rpymis! HJT,

Tpamernan0 B HE3KHUX KoHICHTpanmwix 10 HM u 100 HM nerko uaaymmposan aupdepernuposky HCK B
HEHpOHBI, HE3AaBUCHMO OT BO3AcHcTBHA Ocra-ammionza. Jma HeiipoHamsHOW muddepenmmposkn AS703026
TpeboBancs B ropazao Oojice BHICOKOW KOHIICHTPAIMH IO CPABHEHMIO ¢ TpameTuHuOoM, 10 MKM, HE3aBHCHMO OT
Bo3zelicTBua Oera-ammnonna. O0a BEMIECTBA B YKA3AHHBIX KOHICHTPALHMAX HE OKA3BIBAIH TOKCHUCCKOTO BIMAHUS
HA KJICTKH, YTO TOATBSPKIAAIIO, YTO OHH ABIAFOTCS TOIXOIIHMHA KAHTUAATaMu tipu 6071e3HE Amsrreiimepa (BA).

Kpome Toro, B TpymIE, TAC HCHONB30BATH MEMAHTHH, JICKAPCTBO, HCIOIB3YEMOE B HACTOSIIEE BPEMsI IS
obnerucHuA cumntoMoB BA, mupdeperuuporky HCK B Helipons! He HAOMOAATH, CKOpee HA0O0OPOT, HAOIFOIATH
rudeTb HEPBHBIX CTBOJOBBIX KICTOK. MEMaHTHH TPEACTAaBISIET CcoOOl aHTaroHmct perentopos NMDA,
3a7CHCTBOBAHHBIX B IIEPEJayc CHTHANA, 3alyCKacMOTO TJIyTaMaroM, W CHOCOOCTBYET HOPMANM3alUH TIEpeIayvd
CHTHama HelipoHamu y manueHToB ¢ BA. Takoif MexaHN3M AcHCTBHS He 0OCCIICUHBACT OCHOBHOTO JecucHUI BA 3a
CYET BOCCTAHOBICHUS NMOBPSKICHHBIX HEHPOHOB. TOT (pakT, 4TO MEMaHTHH HE WHAyLHpyeT Au(dhepeHInpoBKy
HCK, a ckopee BbI3BIBACT THOETH KICTOK, HMOATBEP)KIACT, YTO €0 HEBOZMOXKHO IPHMCEHATH I OCHOBHOTO
JICUCHUS ACMCHIIHH.

Cpasuurensnsiii IIpuvep 1. Bimstnne 0eta-aMmiona Ha SMOPHOHAILHBIE HEPBHbBIE CTBOJIOBBIE
KJIETKH MBI

Cragua 1: Kynsrusuposanue smOoproHanbHbIX HCK Mbrmm

Krnerkun kympruBHpOBamH, Kak onucano B [Ipumepe 1, Ha crammsax 1A u 1B.

Craqusa 2: BHecenne Gera-amMmmonaa

OmOpnonampHele HCK MpImm  kymsTHBHpOBamm, kak ommcaHo Benme Ha Crazamm 1, moxasepraiam
BO3/ICHCTBHUIO OETa-aMHUIONIA TaK ke, Kak omucaHo B [Ipumepe 2 Ha Cramum 2.

Cramums 3: JIo6aBICHHE HCCICIYCMOTO BEIICCTRA

HenocpencTeeHHO TIOCIE BHECEHHS OE€TAa-aMHIONAA B KyIbTYPY KiIeTok nodasminn 100 HM TpameTnHnoa,
10 MmxkM wmemartHa W 10 MxM AS703026 (mmmacepruda). HCK xynpruBHpoBa H B TCUCHHC 4 CYTOK C
execyTounsM nrodasneaneM EGF, bFGF, 6eta-aMuronaa u uceney eMbIX BEIIECCTB.

Cragua 4: Ananus mopdonoruu
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Uepes yeTBEPO CYTOK KYJIbTHBHPOBAHMUS H3y4YaTH MOP(OJIOTHIO KJICTOK MPH MOMOIIH (Da30BOKOHTPACTHOTO
MHKPOCKOTIA, PE3yJIbTAThI MPUBEACHEI HA Dur. 3.

Ha ®ur. 3 B BepxHeM psiay nokazansl sMOpruoHambHbeIe HCK Mpmmm, He o6paboTaHHble OeTa-aMHIOHIOM, a
B HwkHeM paxy - HCK, oOpaGortamseic Ocrta-ammioumom. HJI (Hemm(ppepeHImMpOBaHHBIC) 0003HAYACT
Heaudepermuposannbie  dMOpuoHambHblc HCK Mprmmm  (HC  00pa0OTaHHBIC KAKUM-THOO —HCCICAYCMBIM
BemmecteoM), a [ (muddepenumposannsie) odo3navaet muddepenmmposannsic 3mMOproHansHbEie HCK M (He
00padOTaHHBIC KAKHUM-THOO HCCIACAYCMBIM BCINCCTBOM). B rpymme, rae BHocHim AP, BCC KICTKH TOTHOIH,
HE3aBUCHUMO OT BHECCHHS HCCIICTYyEMOTO BCINECTBA, W CICAOBATCIBHO, OLCHHUTD BJIHSHHUC HCCICAYCMBIX BEIIECTB
OBLITIO0 HEBO3ZMOKHO.

IIpumep 3. UMMYHOIMTOXUMITICCKUH AHAJIN}

Jns  monrsepxacaus  gudpdepenumposkn HCK B wHelipomsr B [lpumepe 1 BBIOJSHAIH
HMMYHOLIMTOXHMHYCCKOC OKpAIIMBAaHWEC C HCTOJb30BaHHEM MapkepoB Tujl m DAPI  (4°,6-nmamuauHO-2-
¢permmaHmom). Tujl (meiipoH-cermduucckmii Octa-TyOymun  kmacca II) mpeacrasmser coOoif  HEHpoH-
cnenu(puyeCKHil MapKEpHBI OEJIOK, KOTOPHIH OBII KOHBIOTHPOBAH C POJAMHHOM M HMECT KPacHYIO
(¢ayopecucHro, a DAPI mpeacrasiager coboif (hIyopeCUCHTHBIN KPAaCHTENTb, KOTOPHIi cBs3biBacTcA ¢ JJHK xieTox
W OKPAIIWBACT SApa KICTOK B CHHHUH IIBET.

OmopuonamsHbie HCK, KOTOpHIE KyIbTHBHPOBAIH, Kak omrcaHo B [IpuMepe 1, BoiceBamn B 24-TyHOUHBIC
IIAHIICTH ¢ IOKPOBHBIMH CTCKIAMH H BHOCHIH TpaMeTHHHO U AS703026 B COOTBETCTBYHOINHUX KOHICHTPALHAX H
HHKyOWpOBAIM B TeueHHE 4 CYTOK. YIAISUIH Cpely M OTMBIBAIM KISTKH OJuH pa3 mpu nomomm PBS. Tlocne
¢ukcammm 10% ¢popmampaeruaom (Sigma kar. mHomep HT501128) B Teuenwe 10 MUHYT mpH KOMHATHOH
Temreparype ux BHOBb IpombBany PBS. TlepmeaOnmmzanmio ocymectsimsuma mpu momotnu 0,2% pacteopa Triton
X-100 (Sigma, xar. Homep 93443) mpm kKOMHATHOH TemImeparype B TeucHHe 15 mmHYT, mpombiBaaum PBS u
nHKyouposamm ¢ 10% BCA (Sigma, kar. momep A2153) + 1% nopmanbHO# Ko3bell coiBopoTku (Vector lab,
Burlingame, CA, kar. Homep S1000) npu komHaTHOH Temneparype B TeucHue 1 4. Artureno k Tujl (Cell signaling,
Danvers, MA, xar. Homep 4466) pazsomnm B 1% BCA + 1% HOpMambHO# KO3beil CHIBOPOTKH B COOTHOINCHHH
1:200 w pobapmsimy K KIeTKaM W WHKyOHpoBann B TeucHue Houn mpu 4°C. PactBop yaamsumm, npomesamn PBS n
HHKYOWpOBAIM B TCUCHHC | U IpH KOMHATHOH TEMIEPAType CO BTOPHYHBIM AHTHTEIOM (KOHBIOTHPOBAHHBIM C
poxamMuHOM), pasBeacHHBIM B 1% BCA + 1% HOpMaTbHO#H K03bCi CHIBOPOTKH B cOOTHOMCHHH 1:200. 3aTeM KiIeTKH
mpombiBan PBS, wakyOmposamn ¢ 5 mxr/ma DAPI (Sigma, xar. HOMep D9542) B TcucHHE 5 MHHYT, BHOBB
npoMeiBay PBS n momemam Ha mpeaMeTHOE CTEKIIO I aHATH3A TPH MOMOINH (DIIyOpPECiEHTHOTO MHKPOCKOTIA.
Pesyaprarsr mokazansl HA ©ur. 4. Kak cnexyer w3 @ur. 4, B rpymne, rac sHocwma 1,0 MkM AS703026, BugHbBI
H300paKEHUS TOHKHX YAJIHHHCHHBIX OTPOCTKOB, OKPAIICHHBIX B KPACHBIH IBET, YTO YKA3BIBACT, YTO IPH TAaKOH
KOHICHTPALMK MPOUCXOIUT HeHpoHanmbHAs Au((EepeHIMPOBKA, XOTA W B IOTpaHH4YHOH cremeHu. [lpm Oomee
HU3KHX KoHICHTpanmwix (0,1 MxkM) mudpepeHInpOBKH HE HAOTFOIATOCH.

Hanpotue, B Tpymme, IAC BHOCHIM TPAMCTHHHO, JAKC MPH OYCHb HU3KOH KOHICHTpanmun 10 HM
HaOmoaam auddepeHmpoBka, Tu(OCPCHINPYIOMAS AKTHBHOCTh YBCIHUMBANIACH BMCCTE C KOHICHTpanueii. Urto
Kacaercst MOp(OIOTHH KIIETOK, BO3PACTAOIIEE KOIMYCCTBO HEHPOHOB C YIHHCHHBIMH OTPOCTKAMH, HAOJFONANH B
CIyuac BO3JACHCTBHS Ha KICTKH TPAMETHHHOA B KOHICHTpamy 10 HM.

Mpumep 4. AHaim3 0OTHOCHTEIHLHBIX YpoBHEii 3kcipeccnn MPHK
Mpumep 4-1. Anaans sxcnpeccnn MPHK Tujl n TH, uaaymmpoBannoii coemunennem ®opmyni 1 B

amOpuoHATLHLIX HCK MbImmn
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Hna ompeacncHua, B Kakoii Tum kinerok auddepenumposammcs HCK B Ipumepe 1, aHamm3upoBain
skcnpeccro MPHK Helipon-cnemmdrieckoro mapkepa Tujl u mapkepa aogammHepruueckux HeiipoHoB TH
(THPO3HH-TUAPOKCHIA3H]) MPH MOMOIMH KOMHYCCTBCHHON MOJMMEPA3HON LEMHOH PEAaKIUH B PEANBHOM BPEMCHH
(qQRT-PCR).

Cragus 1: Bernenenne PHK

[Nocne 3aBeprmieHmsa aHamm3a Mopgomorunu B Ilpmvepe 1| ymamamm cpeay v KIETOK KaXKIOH TPYIITBI
Boszeticteus u qodapmsumn B mwianner TRIzol® (Invitrogen, Waltham, MA) n wHKyOMpoBany B TCUCHHE 5 MHHYT
Mpu KOMHATHOH TEMIICpaType M JIH3HCA KICTOK. JIM3aThl KICTOK BMECTe ¢ pearcHroM TRIzol mepeHOCHIH B
MpOOHPKY, TIMATCIRHO MepeMemmBamy ¢ xmopodopmom (Sigma, kar. HoMep 366919), meHTpHQYTHPOBATH H
TICPCHOCHIH HAT0CAI0YHY IO YKHIKOCTh B HOBYIO TpoOupky. Jodasmamn m3omponanor (Ducsan, GyunggiDo, Korea,
Kat. HOMep 67-63-0) m mepememmBamu 11 BbigencHnsa PHK, 3arem cHoBa meHTpuyruposanu misl yAaJdcHHS
HAA0CATOYHON >kuakocTH W moayucHmt ocamka. Ocamox PHK pecycmenmuposamm B 75% stasone (Ducsan, kat.
HOMEP 64-17-15), neHTPU(PYTHPOBATH H YIATLIH HATOCATOUYHYEO SKHAKOCTB., 3aTCM PECYCTICHIMPOBATH OCAIOK B
CTCPHIBHON TPHXKIBI AMCTHIUIMPOBAHHOW Boje aus mouydeHus MPHK, makyOuposamu B TeueHwe 10 MuHYT mpH
55°C u xparmm mpu -80°C.

Cragusa 2: O0paTHAs TPAHCKPHIIIHA

ITocme m3mepenua konueHrpanuun PHK mosomwnmm xommdectso PHK B kaxgol rpymme 0 2 MKT H
MPOBOIMIA SKCIICPHMCHT C HCHOJB30BAaHHCM HaOopa 11 oOpaTHOW TpaHCKpumumd (Invitrogen, kaT. HOMEP
28025013). K PHK gobGapmsanm CTCPHIBHYIO TPIKIOB IHCTHUTHPOBAHHYIO BOAy, 1 mM ONMTOHYKICOTHIA
nesokcutavuanaa (dT) w 1 MM dNTP u makyOuposam B TeucHue 5 muHyT npu 65°C. Tlocne sToro modasmsmn 5X
6y(ep s cunresa nepsoi nermw, 10 MM DTT u obparayto Tpanckpunrazy M-MLV u nakyOuposamm npu 42°C B
teueHne 1 gaca, 3atem npu 72°C B 1eueHue 15 munyT M npu 4°C B Teuenne 30 muHyT. CHHTe3npoBaHHyio JJHK
xpanmy mipu -20 °C.

Cragus 3: qRT-PCR

TP nposoammu myTtem cmemmBanua 1 M1 kJHK (cuHTe3HMpOoBaHHON, Kak OMUCAHO Bbiie), 1 mM
mpaiiMepoB, TPWKABl JUCTHTHPOBAHHONW BOABI W pearcHTa Rotor-Gene SYBR® Green (Qiagen, Venlo,
Netherlands, kat. HOMep 204074) u ucnoas3oBamn mpudop Rotor-Gene Q (Qiagen). TTpatimepsr (Bioneer, Dacjcon,

Korea), HCNOTb30BAHHBIC B SKCIICPUMCHTE, MPHUBCACHBI B Tadmwre 2.

TABJIMLIA 2.
I'en IIpsamoii npaiivep OobparHbIii npaiivep
GAPDH |5’- CGTGCCGCCTGGAGAAACC-3’ 5’- TGGAAGAGTGGGAGTTGCTGTTG-3’
Tujl 5’- GGTCTGGCGCCTTTGGA-3’ 5’- CACCACTCTGACCAAAGATAAAGTTG-3’
TH 5-AGGTATACGCCACGCTGAAG-3’ 5’-CTCGGGTGAGTGCATAGGTG-3’

Pesynbrars! mokazanst Ha ©@ur. 5. Ha @ur. Sa, 50 npuBeacHBI CpeHUE 3HAUYCHHS OTHOCHTCIbHBIX YPOBHEH
skcnpeccnn MPHK B kakgod rpymme mocie 3 payHAOB OKCIEPHMEHTOB. TepMUH «OTHOCHTCIBHBIN YPOBCHB
skctipeccun MPHK» o3mauaer, uro mr1 Hopmamm3anuu obmero yposHs PHK B kaknoli rpynme ypoBeHb
sxcmpeccnn MPHK kakaoro mapkepa mud@epcHUHpOBKH IeiAT HA ypoBeHb dkcmpeccnu GAPDH, ypoeeHb
SKCIPECCHH KOTOPOTO B KJICTKAX JOCTATOYHO IOCTOSAHCH, A 3aTEM 3HAYCHUS I KAYKIOTO HCCICAYyEMOIO BEIEeCTBA
CPaBHHBAIOT C TAKOBBIMH I KOHTpouieH (Heanuddepennuposanasie HCK) B kasxnoii rpymnme.

Kak nokazano wa ®@wur. 5, moa Bo3AcHcTBHEM TpamMeTHHHOA B KOHIEHTparuix 10 #M, 25 #M u 100 HM

HaOJFOJATH BRICOKUC Y POBHH SKCIIPCCCHH HelpoH-criermpraeckoro Mapkepa Tujl u Mapkepa 10 (haMHHEPIHUCCKIX
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HeifpoHoB TH. JlaHHBIC pPe3yabTaThl YKa3bIBAIOT, YTO TPAaMETHHHO 3>((ECKTHBHO HHAYHHPYET IU((epeHIMPOBKY
HCK B HelipoHB, B wYacTHOCTH, B Jo(aMuHEpTrHUeckue HeipoHsl. Kpome TOTO, TpamMeTwHHO OKazbIBaji
mHAYOEpyomee JupPepeHIMPOBKY BIMIHUE B 0UCHb HU3KOW KOHIICHTpanuy 1 HM. 310 IMO3BOIACT MPEAIIOIOKHTS,
YTO KOMIO3HIMIO IO [JAHHOMY H300PCTCHHIO MOMHO NPHMCHATh IS JICUCHHSA HEHPOJCTCHEPATHBHOTO
3a0071CBaHU.

AS703026 B xonnerTparun 10 MxM (10 000 HM) npuBOAMT K PE3yJIbTaTaM, COMOCTABHMBIM C TAKOBBIMH
TpaMeTHHHOA B KOHUECHTpanuu 25 HM, 4TO yKa3bIBacT, UTo TpamMeTuHuO wHAyumpyer auddepenmmposky HCK B
HelfpoHs! B koHIEHTparmn B 400 pa3 (wmm Oonee) Hibke mo cpaBHeHUIO ¢ AS703026.

Mpumep 4-2. Anamms sxcnpeccnn MPHK TH, ChAT, Isl1 n Gadl, naaynupoBaHHoii coefmHEHIEM
®opmy.sl 1, B 3MOproHaTLHBIX H B3pocabix HCK Mbpnmn

UroOs! ycTaHOBHTH, HHAYLHPYET du coeauacHue Dopmymnsl 1 muddepenmmposky HCK B kIeTKH HHBIX
THIOB, HEKETH Ao(paMHHEPTHYCCKUE HEHPOHBI, ompenertam 3kcmpeccnto MPHK mapkepa XonmHepraueckux
uetiponos ChAT (xomrH-aneTwaTpasc(epassr), Mapkepa aAsuraTeabHbril Heiiporos Isll (Isletl) u mapkepa TAMK-
epruyeckux Heifporos Gadl (ryramaraekapbokcumassl 1) nmpu momommu qRT-PCR.

HepsHble CTBOMOBBIC KJICTKH KYJIBTHBHPOBANH, Kak omucano B Ilpumepe 1 m uepe3 2 aHA mocie
mobapnernss 1 M, 10 HM, 25 8M u 100 HM Ttpamermamba Beigessum PHK u wccmemosamm mapkepst
ma(ppepenumpoBku. Jkcnpeccuo MPHK ompeaeminn Tem xe cnocodom, kak u B [Ipumepe 4-1, HCmoT630BaHHBIC
mpaiiMephI TPUBSACHHI B Tabdmuie 3.

PesynpTarsl nokazansl Ha Owr. 6.

TABJIULIA 3.
I'en IIpsvoii npaiivep O0parHbIii npaiivep
GAPDH  |5°- CGTGCCGCCTGGAGAAACC-3’ 5’- TGGAAGAGTGGGAGTTGCTGTTG-3’
Tujl 5’- GGTCTGGCGCCTTTGGA-3’ 5’- CACCACTCTGACCAAAGATAAAGTTG-
3 E
TH 5’-AGGTATACGCCACGCTGAAG-3" |5’ -CTCGGGTGAGTGCATAGGTG-3’
ChAT 5’-CCTGCCAGTCAACTCTAGCC-3>  |5’-TACAGAGAGGCTGCCCTGAG-3’
Gadl 5- 5’-
TCATGTTATGGAAATCTTGCTTCAG- |CGAGTCACAGAGATTGGTCATATACTACT-
3 3
Isll 5’-CGGAGAGACATGATGGTGGT-3  [5-GGCTGATCTATGTCGCTTTGC-3’

Kak mokazamo ©Ha ®ur. 6, 3kcmpeccHs BCeX HCCICAOBAHHBIX MApKEpOB HEHPOHOB, Mapkepa
modamuHeprdecknx HeliponoB TH, mapkepa xomuuepruucckux HeiipoHoB ChAT, mapkepa IBHTATCIBHBI
uetiponos Isll w mapkepa TAMK-cpruvueckux Heiiponos Gadl, yBemmumBanach ¢ YBCIHUCHHCM KOHLCHTPALMA
J00aBICHHOTO TPAaMETHHHOA. 3TO TO3BOJACT MPEAIIOJIOXKHUTD, YTO TPAMETHHHO MOYKHO TIPUMCHATH UL JICUCHUA
HEHPOACTEHEPATHBHOTO 3a00I€BAHMIS, BHI3BAHHOTO MOBPEKIACHHEM HEHPOHOB PA3IHIHBIX TUITOB.

UroOs! ycTaHOBUTH, HMEET JTH MecTo 3TOT 3ddekt Bo B3pocasrx HCK mpmmm, 10 HM tpametnruba u 10
MKM AS703026 otaemsHO ao0aeistmn Ha 2 AHA K B3pocapiM HCK MeImm, KOTOpPBEIC KYABTHBHPOBAIH, KAK OTHCAHO
B [Ipumepe 2, Ha cragmu 1A, n aHammsupoBaiu ypoBHHU 3kcmpeccun MPHK mapkepa meifiponos Tujl, mapkepa
noavureprudeckux Heiiporos TH u mapkepa xonurepruueckux HeiipoHoB ChAT meromom qRT-PCR.

Pesynbrars! nokazansl Ha @wur. 7. Tpamernrn6 nmosbrman sxcnpeccnio Tujl, TH u ChAT Bo B3pocabix
HCK mpmm, xak u B 3MoproHansHeIx HCK. Crexyer oTMETHTD, UTO TPAMETHHHO BBI3BIBAJI OOJIEE BBIPAKCHHYIO

maddepermmposky HCK B Heiipons! mpu koHIeHTpammix B 1000 pa3 mmke, yem AS703026.
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Mpumep S. Uccenopanne cnocodHocTH HHAYIHposath quddepenmporky HCK nmocpeacreom
peryJsimnu dxcnpeccnn MEK1 u MEK?2 B HEpBHBIX CTBOJIOBBIX KJIETKAX

Mpumep S-1. Harnonposanne sxkcnpeccnn MEK1 n MEK2 B 5M0pnoHaIsHBIX HEPBHBIX CTBOJIOBBIX

KJIETKAX MBITIH

Hccnenosamn cnocoOHOCTh wmHAYIMpoBath au(ppepeHnupoBky HCK B HCHPOHBI B 3aBHCHMOCTH OT
yposHe# 3kcnpeccnn MEK1 u MEK?2. [t mony4ueHua kieTok, rae sxcnpeccus MEK1 u MEK?2 perymmpyercs,
HCTIOIb30BATH CJICAYFOLIHIA CIIOCO0.

CrHauyama qmr momyuenmss HCK, B xotopsix skcmpeccuss MEK1 w MEK?2 mozpaeieHa, HCHONB30BaIH
cootsercTByromue shRNAs, momasmromue sxcnpeccuto MEK1 w MEK2. B wactHOCTH, 3MOpunoHamsHeie HCK
MBIIIH KyJJbTHBHPOBAIH, Kak onucano B [Ipuvepe 1, Ha cragum 1A, BRICEBAIHM B IJIAHINCTHI U KyJIbTHBUPOBAIH B
TCUCHHE 24 YaCOB. 3arem KIICTKH TpaHCHUIHPOBATIH 1 MKI/MJI shRNA-MEK1
(CCGGGCCATCCAACATTCTAGTGAACTCGAGTTCACTAGAATGTTGGATG GCTTTTT) wmwm shRNA-
MEK2 (CCGGCCTCCGAGAGAAGCACCAGATCTCGAGATCTGGTGCTTCTCTCGGA GGTTTITG) c
Hcmop30BanHneM Junogekramuna (Invitrogen, xar. Homep 18324010) nus monyuenuns HCK, B koTopbIx moxasicHa
sxcnpeccust MEK 1 i MEK?2, wm o6onx.

Uepes 4 1aca cpeay, B KOTOPOH HAXOAWINCH 3TH TPAHC(PUIHPOBAHHBIC KJICTKH, 3AMCHAIH KYJIbTYPaTbHOM
cpenoii N2, Ky IbTHBHPOBAIM eIe B TeucHHE 4 CyTOK, a 3ateM Bhigessum PHK cnoco®om, onmcanusM B [pnvepe
4-1. Cnocobrocts mHaynuposars audeperuuposky HCK B Helfponsl amammsmposamu npu momomm [IHP c
obparsoit Tpanckpummuei (RT-PCR). B wactHocTn, PHK xomeepruposanu B k/JIHK mpm momomm oOpartHOH
Tparckpumimy, a 3ateMm aocdaesmamm JHK-momumepasy EX-Taq (SG Bio, Kyunggi Do, Korea) u mpatimep mis

0™ (Bio-rad, Hercules, CA). TTLIP mpoBOJHIH MOCPEACTBOM HHKYOALHH

nposeacHud TP B tepmonukiaepe T10
mpu 95°C B Te4yeHUE 5 MHUHYT, 3aTeM NOBTOPAIH 25-35 MUKJIOB PeakUiy, B KOTOPOH 1 MK COCTOST U3 HHKYOaumu
mpu 95°C B Teuenue 30 cexynz, npu 55~62°C B Teuenne 30 cexyHa u npu 72°C B Teuenne 30 cekyHA. Pe3ynprars
[P uccaexopamu mpu moMomm 3nekTpodope3a B 2% arapo3HOM rIeje, KOTOPBIH 3aTeM aHAIM3HPOBAIH IIPH
nomon asamzaropa mzoopaxenuit LAS-3000 (Fujifilm, Tokyo, Japan).

[patimeps!, nenosmb3opanubie A1 RT-PCR u qRT-PCR B narsOM [Ipumepe, a Takske B [Ipumepax 5-2 u 5-

3, mpusencHs! B Tabmmre 4.

TABJINLIA 4.
I'en I psimoii ipaiimep O0parHbIi npaiivep
GAPDH _|5’- CGTGCCGCCTGGAGAAACC-3" |5°- TGGAAGAGTGGGAGTTGCTGTTG-3”
Tujl 5’- GGTCTGGCGCCTTTGGA-3’ 5’- CACCACTCTGACCAAAGATAAAGTTG-3’
TH 5’-AGGTATACGCCACGCTGAAG-3" |5’-CTCGGGTGAGTGCATAGGTG-3”
MEK1 |5’-CGGCGGTTAACGGGACCA-34" |5’ -GGATTGCGGGTTTGATCTCCA-3’
MEK2 |5’-CCTGGATGAGCAGCAAAGGA-3’ |5’ -CAGTGAGCCACCATCCATGT-3’

Pesyaprarsr mokazansl Ha @ur. 8a. Kak mokaszano Ha @ur. 8a, 8 HCK, B koTOpHIX 3Kcnpeccus kak MEK1,
tak w MEK2 Osuta momaencHa B pesynbrare TpaHc(pekmumn shMEK1 mw shMEK2 (shMEKI1+, shMEK2+),
JKCIPECCHA Mapkepa ao(aMuHOBBIX HelpoHOB TH cymecTBeHHO moBhmanack mo cpasHeHHIO ¢ HCK, B KOTOPHIX
6p11a mogasneHa TobKo dkenpeccus MEK?2 (shMEK1-, saiMEK2+).

Uro0b1 cmme pa3 mposeputh, kak mogasicHue Toabko MEK1 wmn MEK?2 wmm mogasnerne w MEK1, u
MEK?2, smusger Ha muppepermuposky HCK B meiipons:, nposommwmn qRT-PCR u secrepu-6morruar. HCK, B

KkoTopeIX momasLn Tobko MEK1 wmm MEK2, u HCK, B kotopsix momasmmm w MEK1, w MEK?2, monyyanu
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yKa3aHHBIMH BbIIC cmocodamm. Uepes 4 uaca cpemy, B KOTOPOil HAXOAWINCH TPAHC(UIUPOBAHHEIC KICTKH,
3aMEHSUTH KYJIbTYPAAbHOU cpeaoit N2, KyJbTHBHPOBANH clic B TeucHUE 4 CyTOK, a 3areM mposoaunn qRT-PCR
cnocobom, onmcanebM B [IpnMepe 4-1. Pesynprarer npenctasneHs!l Ha rpaduke Ha ®@ur. 8b. Kak mokazano Ha
rpapuke HA Qur. 80, sxcmpeccus MapkepoB HelipoHOB Tujl w TH CyIIECTBCHHO MOBHIIIANACH MPH ITOJABICHUA
skcnpeccun MEK1 u MEK?2 1o cpaBHEHHIO ¢ ToAaBICHUEM dKcnipeccuu T0bko MEK 1 nwnn Tomsko MEK2.

Uro6s! ycTaHOBHTH, HaOMOacTcs i wHAyKIWA audepeHuuposkn HCK B HEHWpoHBI MpH IMOJABJICHHH
sxcnpeccun MEK1 u MEK2 we Tompko Ha yposre MPHK, HO Taxske W Ha ypoBHE Oeiika, IPOBOJMIH BECTCPH-
OIOTTHHT.

BecTepH-OMOTTHHT B KaKAOH IPynne KICTOK MPOBOIMIH CIACIYIOINM 00pa3oM: T10cae Ky IpTHBHPOBAHHUS
HCK, B xoropeix moxasmstan 3kcnpeccuro MEK1 u MEK2, B Teuenne 4 cyTok, cpely VAQSUIM U B IUIAHIICTHI,
HAXOAAIINCCA HA Jpay, nodasmsumm Oygep RIPA (0,05 M Tris HC1 pH7.4 (Sigma, kat. HomMepT3253), 0,15M NaCl
(Ducsan, xat. HOMep 7647-14-5), 0,25% ne30kcuXoyieBY0 KucioTy (Sigma, kat. Homep D6750), 1% NP-40 (USB,
Waltham, MA, xat. HOMep 19628), 1 MM EDTA (Sigma, kar. Homep EDS), 1 MM PMSF (Acros organics, Geel,
Belgium, xar. Homep 215740050), 1 MM oproBanagaTta HaTpus (Bio labs, Ipswich, MA, kar. vomep P0758L), 1 MM
¢ropuma Hatpua (Sigma, xar. HOMEPS7920), wHrHOWTOpHI Tpoteas (Sigma, kar. HoMepP83430)) u cobuparu
KJICTKH TpH momomy ckpeOka. [locne wmHKyOammm Ha JpAy B TeueHHE 10 MHHYT HATOCATOYHYIO JKHAKOCTB
cobupamm myteM ueHTpupyruposanmst npu 13000 o6/muH mpu 4°C. Ompeaeiaam KOHICHTPAIHIO OCKa, T0OABILIH
oy(ep amt HareceHus oopa3nos (0,25 M Tris-HCI pH6,8, 0,05% SDS (Amersco, Solon, OH, xar. Homep 227), 50%
rmmnepud (Ducsan, kar. Homep 56-81-5), 0,25 M DTT (Invitrogen, xat. HoMepRO861), 0,5 mr/mn BPB (Bio-rad,
Hercules, CA, xar. HoMep161-0404) u xumsrumm obpazen npu 100°C B Teuenne 10 MUHYT, a 3aTeM XpaHWIIH TPH -
20°C.

Oo6pasipr, coaepsxapmue 10~20 mxr Oenka, 3arpykamu B 8~12% SDS-PAGE rems, paszensmm,
MICPCHOCHIN HA HUTPOLC/UTOIO3HYE MCMOPaHy, KOTOPYIO 3aTeM OJOKHPOBATH 5% 00C3H/KUPCHHBIM MOJIOKOM TPH
KOMHATHOW Temmepatype B TeueHue 1 gaca. Anrurena x Tujl, TH (Cell signaling, xar. mHomep 2792), MEK1/2
(Santa Cruz, Dallas, TX, kar. Homep Sc-292838) u ERK (Santa Cruz, xat. HOMep Sc-135900) rotoswmu 8 TPUC-
Oy (pepusuposarHOM (pu3nonormueckoM pacteope (TBS) ¢ nodasacamem 0,1% Tween 20 (Sigma, kat. Homep P1379)
" WHKYOHpOBaJ M C MEMOPAHOW IPH KOMHATHOHN TeMmmeparype B TeucHue 2 yacos wiaH npu 4°C B TECUCHHE HOYH,
MOCNIE Yero ¢¢ WHKYOMPOBAJIM CO BTOPHYHBIM AHTHTEIOM, KOHBIOTHPOBAHHBIM C IIEPOKCHAA30i XpeHa, mpH
KOMHATHOW Temmeparype B TeueHne 1 waca. Ompeaersimy SKCIpeccHio OeNka MpH MOMOINH (POTOUYBCTBHTEIBHOTO
000pYIOBAHUA, PE3YAbTATH MPHBCACHBI B HIDKHCH yacTu @ur. 8b. Kak nmokazano Ha @ur. 80, ypOBHH SKCIPECCHH
Mmapkepa ueiipoHoB Tujl m mapkepa nmodammuopbix HeiipoHoB TH wa yposme MPHK m Ha ypoBHe Oenxa
cymecteeHHO mossimamick B HCK, B xoTopsix Opna mogasicHa skchpeccus kak MEK1, Tak uw MEK?2, 3a cuer
ucnoap3oBanusd ShMEK 1 u shMEK?2 (shMEK 1+, shMEK2+).

Hamporue, 8 HCK, B koTopsix Obma momaeincHa 3kcmpeccus tombko MEKI1 wmmm tompko MEK2,
HaOmoxanca Gonee Hu3kuil yposeHb 3kcmpeccun Tujl m TH mo cpapacHmo ¢ HCK, B KOTOPBIX MOJABILIN KaK
MEKI1, tak u MEK2.

Mpumep S-2. Hapykrust sxcnpeccnn CAMEK1 n CAMEK?2 B 3MOpHOHAILHBIX HEPBHBIX
CTBOJIOBBIX KJICTKAX MBI

Jna uccnenosanns uaay kupn qudgeperuuposku HCK B HelipoHs! B 3aBHCHMOCTH 0T aktuBaunu MEK1 u

MEK2, B 3kciepUMEHTax HCTIOIb30BAH IUIa3MuIy ¢ KOHCTuTyTHBHO aktueHO MEK1 (CAMEK]) n mmazmuny c

koHcTHTYTHBHO akTtuBHOH MEK2 (CAMEK?), mmeromue MyTanud A1 KOHCTHTYTHBHOW 3kcmpeccun MEK1 u
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MEK2. B uactaocth, 3mOpnonansHsle HCK MpImm, kOTOpBIE KyJBTHBHPOBATH, Kak omucaHo B [Ipmmepe 1, Ha
Cragum 1A, BBICCBAIHM B IUIAHIICTHI W WHKYOHPOBATH B TCUCHHC 24 wacoB. 3aTeM KJICTKH Tpancpuouposamd 1
Mkr/mMma1 CAMEK]1 u CAMEK?2 ¢ ucnoms3osanmeMm munodexramuaa i1 monyucHns HCK, skcmpeccupyromux
CAMEK]1 nm CAMEK?2 nmm 06¢. Uepes 4 yaca cpeay, B KOTOPOH HAXOAHINCH 3TH TPAHC(PHIUPOBAHHBIC KIICTKH,
3aMCHATH KyJIBTYpambHOU cpemoii N2, He coaepskameii EGF wnn bFGF, xyIsTHBHPOBAIH CIIC B TCUCHHUS 4 CYTOK, a
3areM Boiiesum PHK u Oenox u nposoanmm xonmdaecteeHHYI0 RT-PCR (qQRT-PCR) u BectepH-OnoTTHHT. B 31HX
sKcnepuMeHTax n3ydamu sausane akrusanun MEK 1 u MEK?2 Ha mHaykumio augdepennuposku HCK B HEHpoHSL,
pe3yabTarhl okaszaHsl Ha Our. 8c.

B ormmume or ®@ur. 8b, ma ®@ur. 8c mokazaHo, uro mpum aktmeammu MEK]1 m MEK2 B ycnoBmsix,
wHAymEpyomux aaddepernuposky, auddeperunposka HCK nmogasmserca. Kak mokazamm qRT-PCR u BectepH-
GoTTHHT, 3KCIpeccus Mapkepa Heliporos Tujl n mapkepa nodavmuseprudecknx Heliponos TH Ha yposre MPHK 1
ocmka moaaBmanack. Jkcnpeccusd Tujl mw TH Opuia cymecTBeHHO HIDKE B Corydac akrweanmm kak MEKI, tak u
MEK?2 10 CpaBHCHHIO C AKTHBALUCH TOIBKO OJHOH U3 HHX.

Mpumep 5-3. Harnonposanne MEK1 n MEK?2 Bo B3poC/IbIX HEPBHBIX CTBOJIOBBIX KJIECTKAX MBIIIN

Uro6s! ycranosuts, uHAyIHpyeT ju mHruOmposanne MEK1 m MEK2 mu¢¢epennuposky HCK Bo
B3pocneix HCK mpimm, u sBigercs au 3Q@eKT TakuM >Ke B NPUCYTCTBHH OCTa-aMIJIONA, MPOBOAMIIH CJICAYFOIIHC
SKCIICPUMEHTHI.

Bspocneie HCK Mmbimm kyneTHBHpOBAamH, Kak ommcano B Ilpmmepe 2, Ha ctagum 1A, BbiceBanmn B
IUTAHIICTHl W KyJbTHBHPOBATH B TeucHuHe 24 yacoB. 3areM KieTku TpaHchurmposamm 1 mkr/ma shRNA-MEK1
(CCGGGCCATCCAACATTCTAGTGAACTCGAGTTCACTAGAATGTTGGATG GCTTTTIT) wmwm shRNA-
MEK2 (CCGGCCTCCGAGAGAAGCACCAGATCTCGAGATCTGGTGCTTCTCTCGGA GGTTTITG) c
ucnoap3oBanueM ymnogekramuna (Invitrogen) ama momyucHua HCK, B KOTOPBIX MOAABICHA OO IKCIPECCHSA
MEK1, mu6o skcnpeccust MEK?2, mubo obenx.

Uepes 4 1aca cpeay, B KOTOPOH HAXOAWINCH 3TH TPAHC(PUIHPOBAHHBIC KJICTKH, 3AMCHAIH KYJIbTYPaTbHOM
cpemoi N2 wmu Ky meTypambHoit cpemoit N2 ¢ 10 MxM OeTa-aMuiiona, Ky IbTHBHPOBATH CIIC B TCUCHUE 2 CYTOK, a
3aTCM HCCICAOBATH MOP(OJOTHIO KJICTOK IpH moMomm Mukpockoma. Breiaemsuim PHK Tem ke cmocobom, Kak H B
[Tpumepe 4, nposommm qRT-PCR u ananmuposamn naayknuo quddepernnposkn HCK B HEHpOHDI.

Pesyaprarsl nokazansl Ha Owur. 9.

Kak moxa3zauno Ha @ur. 9a, muddepeHunposka serue naaynuposanacs 8 HCK, B koTopbeIx Oblia moaaBicHA
skcrpeccus kak MEK1, tak w MEK2, 3a cuer tpancekmmm shMEK1 u shMEK2, mo cpasuenmo ¢ HCK,
TpaHC(UIMPOBAHHBIX TOTBKO 0aH0I n3 SAIMEK 1 u shMEK?2.

B cayuae, xoraa Ha KICTKH BO3ACHCTBOBAN AP, KieTku morudam B rpynme, rac ku MEK1, au MEK?2 He
WHTHOMPOBAJH, OJHAKO B rpynme, rac uarnonposam mmoo MEK1, mu6o MEK?2, muoo MEK 1 u MEK?2, kieTouHOH
rudcTH Ha HAOFOIATI0Ch, HO HMEIA MECTO HHAYKIHA JU(PPCPCHIMPOBKH.

Kpome Toro, xak mokazano Ha @wur. 96, sxcmpeccus Mapkepa Heliporos Tujl CymECTBCHHO MOBRIIAIACE B
HCK, B xotoprix Obi1a mogasiacHa sxcmpeccus kak MEK 1, tak m MEK2 mox so3acticteuem shMEK1 u shMEK?2
(shMEK 1+, shMEK?2+). Hanportus, 8 HCK, B xoTopsIx Obima moaaeicHa mudo skcmpeccus MEK1, mibo MEK?2
(shMEK1, shMEK?2), sxcmpeccus mapkepa HeifpoHoB Tujl Oplma Hu3KkoM, kKak W mHIYKOHS IuddepeHIupoBKn
HCK B Heiiponsl, mo cpaBHeHmIO ¢ mHruOuposanneM u MEK1, u MEK2. B ciyuae BosmeficTBus Ha KICTKH AP,

HAOIFOJaICAd HEKOTOPBIH 3aIIUTHEIN 1 HHAY IMpyromuil 1uddeperuupoBky 3¢ ekt B orromennn HCK, B kKOTOpPBIX
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6bun moaseHs! oo MEK 1, mmoo MEK?2, Ho B ciyuae HCK, B koTophIX ObIa oaasneHa 3xkcnpeccus 1 MEK1,
n MEK?2, sanurtHbI 1 nHAYIEpPYOmui mudhepeHIupoBKy 3((peKT ObLT CYIMECTBCHHO BHITIIC.

JlaHHBIC PE3ybTaThl CBHACTEIBCTBYIOT, uTe mHruOmposanne MEK1 m MEK?2 Bo B3pocmsix HCK He

TonpKO HHAYIHpPYET au(depernupoky HCK, HO Taxske 0ka3pIBacT 3aIUTHBIN 3(hpeKT mpoTHB OeTa-aMAuIona.
Mpumep 6. Hapyrupyromee muddepennmnporky HCK pimsinne npyrux narnéuropos MEK1/2

Jns wccnenoBaHWs, ACMOHCTPHPYIOT J apyrue wuHrmomropsr MEK 1/2, mommmo TpameTrwHHOA,
mHaymupyromee augdepernupopky HCK w 3amurHOe Bmmsame, smOpuonHamshble HCK mpmm moxsepramm
BO3ICHCTBHIO KAKIOTO W3 HCCICAYEMBIX BemecTB. B wactHOCTH, 3MOpnoHansabic HCK MBIIHM KyJIbTHBHPOBAIH,
Kak oncaHo B [Ipumepe 1, Ha cramum 1A ¢ cootsercrByrommmu uHruonropamu MEK1/2: AZD8330 (Selleckchem,
Kar. Homep 2134), PD184352 (Selleckchem, xar. HOMep S1020), pedpamernrnbom (Selleckchem, kar. HOmep
S1089), PD318088 (Selleckchem, xar. Homep S1568), OmmmmermamOoMm (Selleckchem, xat. Homep S7007) m
AS703026 B xommeHTpammax 0,1 mxM, 1,0 MM w 10 MM u waKyOmposaym. [t cpasHeHmst HCK Taxoke
TIOJBCPTANN BO3ACHCTBHIO TpPaMETHHHOA B TeX jK€ KOHICHTpammiax. Ha 2 1OeHb KyJIbTHBHPOBAHHA H3Y4Yajd
MOP(oTOTHIO KICTOK 1O/ (DA30BOKOHTPACTHBIM MHKPOCKOIIOM, PE3yIbTaThl mpuBeAcHH HA ©ur. 10a. Ha @wur. 10b
npeacrapicH anaim3 sxcnpeccnd MPHK Tujl B kIeTkax Kaskmo# Tpy s

Kak mokaszano wa @wur. 10a u 10b, AZD8330, pepamerurand, PD318088, omammernand u AS703026
mHAyOupoBaan Au((EPECHINPOBKY, XOTA W HAYWHAS OT PA3NHYHBIX KOHUCHTpanuid. Mopdonoruueckn
maddepenmmposka HaumHANack mojA BoszxekicteHeM 1 MkM AZDS8330, pedamermrmbéa m PD318088, m mox
posaciicteuem 10 MM OmamvermHmOa u  AS703026. M3yucHHC OJKCHpecCHH Mapkepa HCHPOHATHHON
mappepenmmporkn Tujl meromom RT-PCR taxxke mokazano, YTo OHH WHAYUHPYIOT TAPQPCPCHIMPOBKY B TAKHX JKC
KOHUCHTpanusax. [lo cpaBHEHWIO C JPYTHMH COCIWHCHHUSAMH TPAMECTHHHO IEMOHCTPHPOBAN ITPEBOCXOTHOC
nHaymupyroniee auddepernuporky HCK snusane naske B Hu3Koi koHueHTpaumu 0,1 MxM. Hanpotus, PD184352
JCMOHCTPHPOBAT JUING ciaboe wHAyImpyomee nuddepernuposky HCK pmsgane B koHueHTparmm 0,1 MxM, a
mpu koHIEHTpanmax 1,0 MM u 10 MM Bce KIEeTKH HOTHOATH.

Kpome Toro, B3pocieie HCK mMbInm, KOTOpBIE Ky IbTHBHPOBAIH, Kak onmcaHo B [Ipumepe 2, Ha craqum 1A,
moABeprany Bo3aciicTeuio Apyrux wmHruomropos MEK1/2: PDO0325901 (Selleckchem, kar. HOmep S1036),
RO5126766 (Selleckchem, kar. Homep S7170), BI847325 (Selleckchem, kat. Homep S7843) u UO0126 (A.G.
Scientific, San Diego, CA, xat. Homep U-102) B pa3muyHbIX KOHLEHTPALUWAX, H UCCACAOBANH UX HHIYIIHUPYIOLICE
maddepermmposky HCK srnustapme. [Tocie Bo3aeHcTBHS HCCIEAYEMBIX BEIIECCTB H3YYaan MOP(OIOTHIO KICTOK MO
(pa30BOKOHTPACTHEIM MHKPOCKOIIOM HA 2 [CHb KyJbTHBHpPOBaHHA. Pesynprarel mokazasel Ha ®ur. 10c. Kak
mokazano Ha @wur. 10c, wHxymmpyromee mupdepeHuposky Bamsaane PD0325901 mpossianock, HaumHAsg ot 0,1
MKM, a RO5126766 - ot 1,0 MxM. B uactHocTH, PD0325901 neMOHCTPHpPOBAT MPEBOCXOAHOC HWHIYLHPYIOMICS
BIIHSIHHC, TOCKOJIBKY OH HHAYLMpPOBaa Ju(depeHIHPOBKY B ITMPOKOM Auana3oHe KoHIeHTpammi ot 0,1 MxM g0 10
MKM. Hamportus, BI847325 memoncTpupoBan mumb cradoc WHAyOUpYROmee AA((CPCHOIUPOBKY BIHIHHC B
rkoHueHTpanun 0,1 MxM, a mpu korneHTpammix 1,0 MM u 10 MxM Bce knerkn morudamu. [lpu Bo3aeiicTeum
BI847325 B Oomee Hu3kmx koHucHTpammax (1,0 aM u 10 HM) mponmepannd KICTOK B HCKOTOPOH CTCIICHH
MOJABIAIACH, a WHAyOUpyromee mu(p(QepcHUNPOBKY BimAHHC HE Ha0momaigock. U0126 wHruOmposat
mpomm(pepanuo KIeToKk B KoHmCHTparmmax 0,1 MM um 1,0 MxM, a B koHueHrpammu 10 MM okaseiBan
OUTOTOKCHYCCKOC acicTBHE Ha KiIeTkH. Kpome Ttoro, UO126 HE ACMOHCTPHPOBAT KAKOC-THOO OTUCTIHBOC
mHAynupyomee Au((epeHINPOBKY BIMAHAEC B KOHICHTpammu 2.5 MKM ®W mo3ToMy HE OBDT CIOCOOCH

mHaynuposath Auppepenumposky HCK HE B 01HOI 13 HCCIE 1y eMBIX KOHIICHT PALHIA.
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OTH pe3yabTaThl CBUACTEIBCTBYIOT, 4YTO HE BCce wu3BecTHbe wHruOmtopel MEK1/2 sddexruBHO
mHaynupyoT auddepermuposky HCK. OueBnmno, uyro marmbuposanme MEK1 w MEK?2 3aneiictBoBano B
mHaynuposannn augdepernupopku HCK, o yeM cBHAETETBCTBYIOT pe3yabTatsl [Ipuvepa 5. OgHako, monararor,
YTO HHAMBHIY AJIBHBIC CBOHCTBA Kaxkaoro wHruonTopa MEK 1/2 cka3pIBaroTCs Ha €r0 CIIOCOOHOCTH HMHAYLIHPOBATH
maddepermmposky HCK, B pesynprare yero HMErOT MECTO pazmmuns, Habmoxasmuecs B [Ipumvepe 6.

Mpumep 7. Hapymupyromee qnddepennnporky HCK msinne npyrux narnéuropop MEK1/2 B
MPUCYTCTBHH IUTOTOKCHYECKNX (haKkTopoB

Bspocneie HCK, xymsTuBHpYEMBIC, Kak ommcaHO B [Ipumepe 2, Ha Craguu 1A, moaseprain BO3ACHCTBHIO
10 MxM Oera-ammmonza, kak onmcano B [Ipumepe 2, Ha Craauu 2 [UIs1 CO3MaHIS MUTOTOKCHYECKUX YCIOBHI, MOCIC
yero poGapmum wHTEOMTOpEl MEK1/2: AS703026 (10 MxM), AZD8330 (1 mxM), PD318088 (1 MxM),
omanMeTHHAO (10 MxkM), pepamernand (1 MxM), PD0325901 (10 MxM) 1 RO5126766 (10 MKkM) B KOHICHTPAIHAX,
BBI3BIBABINNX HamOojce BhIpaXeHHYIO auddepenmmposky B [lpmvepe 6, m KynprusupoBaiu. /1 CpaBHCHHA
BKJTFOYAITH TPYIIY, KOTOPYHO moasepraau Bosackcreuio 0,1 MkM TpameTwHHOA, W TpyIITy, KOTOPYHO IOJBCPraTH
BosacHcTBHIO 10 MKM koOuMeTHHHOA (M3BECTHOTO Kak cenekTuBHBIN mHTHOHTOP MEK1 B cpasnernn ¢ MEK?), a
TAKKE TPYNIBI C KAKIBIM H3 HCCICAYEMBIX COCIMHCHWM, HO Oc3 Bo3AciicTBHA OcTa-ammionza. Mopdoiornio
KJICTOK W3y4yaan 1ox (hpa30BOKOHTPACTHBIM MHKPOCKOIIOM HA BTOPOHl [M€Hb KyJIbTHBHPOBAHMA, PE3YJIBTAThI
npuseacHbl Ha Our. 11.

Ha ®@ur. 11 paa, oTMedeHHSBIH «-», cooTBeTcTBYET rpynme B3pocibix HCK mpmmm 6e3 BozaeHicTsus Ocera-
AMUIIONA, A PAN, OTMCUCHHBIH «APi.4», MPEACTaBIICT Ipynmy ¢ Bozaciicteuem 10 MkM Oera-amumonma. B
yCHOBHAX, KOrga mox Bo3acicTemeM 10 MxM OcTa-aMuionga pasBHBANACH OUTOTOKCHYHOCTH, MOKA3AIH, YTO
mobasierne AS703026, AZD8330, PD318088, OwmmMerwmHuOa, pedamermanda, PD0325901 u RO5126766,
KOXIOT0 B ONTHMANbHOH KOHICHTPALMM, WHAYLHUPYIOHOICH HamOomee BBHIPAKCHHYK IU(PPESPCHINPOBKY,
00CeCIICUnBAIO 3AIUTY KICTOK M HHAyIHposano auddepenuuposky HCK. Hamportus, no6apncHue KoOOMMETHHIOA,
WHTHOWTOpA, 00JamAromiero OOJBIICH CCICKTUBHOCTREO B oTHOmeHHH MEKI1, mo cpasneHmro ¢ MEK2, nHe
mHaynuposaio mudheperuuposky B3pocasix HCK naxe mpu Beicokoii koHIEHTpaumn 10 MKM, HezaBHCHMO OT
Jo0aBicHUs OeTa-aMUIOnA.

Mpumep 8. O0napy:keHne yBeJTHYCHHS KOJMYECTBA HEelipOHOB HA MOIe/ N 00J1e3HN AJbnreiiMepa y
MBbIIIEi

Ipeapiaymue 3KCOCPUMEHTHI MOKA3AIH, YTO CPEAU COeAuHEHNH, nogasmsronmx kak MEK 1, Tak w MEK2,
HEKOTOPbIC coeanHEeHU nHAYIUpyoT auddepernuposky HCK B Helipors! n 3amumator HCK u Heliponsr ot GeTa-
aMHJION1A, B YACTHOCTH BBIPAKCHHBIH (KT NEMOHCTPHPOBAT TpaMeTHHHO. UTOOBI MOATBEPAUTS STH PE3YIbTATHI
TaKKE W HA MOJCIH HEHPOJCTCHEPATHBHOTO 3a00JECBAHMSA yV MBILICH, WCCICAOBANN HEHPOPETCHEPUPYIOIUE H
TepancBTHUCCKAlT  3(PQekr TpamerwHHOA ¢ HWcmomb3oBaHHEM Mbimeii SXFAD, wMoaemm HAa KHBOTHBIX,
JEMOHCTPHPYIONMX cHuMITOMBI BA, Hanboxee pacnpocTpaHeHHOH (JOPMBI HEHPOACTCHEPATHBHOTO 3a001€BaHu. Y
Mmbimeii SXFAD HaOmOAACTCS MATOJIOTHA HCHPOHOB, ACTCHEPAUNA W KICTOYHAS THOCTh HCHPOHOB, B YACTHOCTH, B
5 ¢cmoe coMaTOCCHCOPHOI KOPHI TOJIOBHOTO MO3ra W ocHOBaHWH rummokamma (Oakley et al. (2006) Intraneuronal
beta-amyloid aggregates, neurodegeneration, and neuron loss in transgenic mice with five familial Alzheimer's
disease mutations: potential factors in amyloid plaque formation. J Neurosci. 26(40):10129-10140).

TpamernanO BBOJMIA TIEPOPATIBLHO MBIIIAM 5XFAD (B6SJL-Tg
(APPSwFILon,PSEN1*M146L*L286V)6799Vas/Mmjax) (moaear BA) B Bo3pacte 12 MCCAICB CKSCYTOYHO HA

mpoTspkeHuH 28 cytok B Ao3¢ 0,1 mr/kr u 1,0 Mr/Kr, a MeImaM KOHTPOJBHOH Tpymmbel BBoAWTH Iwiancoo (4%
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DMSO+kykypy3HOC Macjio) TeM ke cmocobom (7 mbmmei/rpynmy). g mocnexyromero okpammeanust BrdU
mobasrama 50 mr/kr BrdU (Sigma, xat. HOMep B5002) B ©KCCYTOUHYIO JO3Y B TCUCHHC MOCICTHUX 5 CyTOK. Jlma
BBIZICTICHAA TOJIOBHOTO MO3TAa MBIIAM BBRIMOTHATIH aHeCTS3m0 u mepdysmo PBS. TlogoBuHY TKAHH TOJOBHOTO
Mo3ra (MOJNYIIAPHS), BBIACACHHOTO V TPEX MBIMIEH KAXKIOH TPyNIbl, HEMCAJICHHO NMOMECIIAIHW B MOPO3UIbHBIN
ammapatr Uil HA3KOTEMIICPATYPHOTO 3aMOPAXKHBAHUA 1A MOCICAYIOIIHX HCCICTOBAHHH METOAOM BECTCPH-
6mortuara W ELISA. Jlpyry!o NoJOBHHY NMOJAYHIApHH W TOJOBHOH MO3T, BBIACICHHBIN yV 3 APYIHX MBIICH W3
Kanoit rpymnmsl, nomemama B 10% pactsop popmanmaa mpu 4°C Ha 1 CyTKH, TOCIE YETO BHIMOJHSIH CIICAYFOIIHC
cTaguu, YToOBI 00ECIICUNTh XOpoIIee MPOHUKHOBCHHUE mapa)Ha B TKAHb MO3ra. I nernaparanuy TKaHH MO3ra
TMOCTICIOBATCIBPHO MOTPY KA Ha 1 4 B Kakapni u3 pacTBopoB 70%, 80%, 95%, 100% crmpra, 3atem 3 pasa
TIOTPYAJH B KCHJIOJN, KOXIBIH pa3 Ha 1 4, [UI1 MPOCBETICHUS, W 3aKI0OYAIH B mapa(uH, IBYKPaTHO MOMEIIAsd B
SKUakui mapaduH, Kakapii paz Ha 1 gac. Tlocne 3THX mpouexyp TOTOBHIM CPE3bl TKAHH MO3Ta, 3AKIIOYCHHON B
mapaduH (mapapuHOBOTO OIOKA), TOMMHHOH 5 MKM, moMCmanW HA CTCKIA W XPAHWIH TPH KOMHATHOM
temmeparype. Ileper WMMYHOTHCTOXHMHYECKMM OKpPAIIMBAHWEM TKAHH HA CTEKJIAX PETHAPATHPOBAIH
TMOCTICI0BATCIBHO TOTpyskad B kcumon, 100%, 90%, 80%, 70%, 50% cmupt u 3aTeM B BOAY, KAKABIH pa3 HA 5
muHyT. [locne momemenus B Harpuii-nurpatHbiii Oydep (10 MM, pH 6) (Sigma, S4641) ocymecTBIsIH mMpoIEce
JemackupoBku aHtureHa mpu 120°C B teuenme 15 muHyT, Onokuposamm 10% BCA (OprbHM CHIBOPOTOUHBIM
anpOYMHHOM) M HHKYOHpOBaiu ¢ aHtuteiaaMu K mapkepy Heliporos NeuN (Cell signaling, xar. Homep 24307) npu
4°C B Teuenme 1 cyrok. Ha cnexyrommuii feHs CTEKIAa HHKY ONPOBAIH C aHTHTEJIAMH K HMMYHOTJIOOYIHHAM KPOJIHKA
(Vector lab, xar. mHomep PI-1000) mpm koMHATHOH Temmeparype B TEUcHHE 1 daca W 3aTeM OKPAIIUBAIA
muamuHOOCH3uAMHOM (DAB) mmt aHanm3a pacnpeac/icHIA HCHPOHOB B TOJIOBHOM MO3TC.

[Nockomeky y Mpmmelt SXFAD nveeT MecTo 0OMMPHOE MOBPEKACHUE HEHPOHOB B 5 ClI0€ KOPBI TOJOBHOTO
MO3ra U OCHOBAHHH THITMOKAMIIA, 3TH OTACIBI TOJOBHOTO MO3Ta HCCICAOBATH B IIEPBYIO OUEPEIb.

Ha ®ur. 12 moxaszaHsl pe3yiabTaThl HCCIACAOBAHMA CATHTTANBHBIX CPE30B COMATOCCHCOPHOM 30HBI KOPBI
rojoBHOTO Mo3ra. Kak mokaszano Ha @ur. 12a, y memieii SXFAD, moayuasmmx mianeoo (4% DMSO + kykypy3HOS
Macjo) (KOHTPOIb, MCPBOC H300PAKCHHUC CIICBA), KOJHUCCTBO OKPAIICHHBIX HA NeuN (HOJ0KHTCIBHBIX) KICTOK
CHIDKAJIOCh BCJICACTBHE 3HAYHMTEIBHOTO MOBPEKACHUA HEHPOHOB B 5 CI0¢ KOPBI TOJOBHOTO MO3ra. J[I CpaBHCHHA,
y mpnmeit SXFAD, monygasomx 0,1 mr/kr u 1,0 Mr/kr TpamernHnOa, HaOMOAAI0Ch CYIIECTBCHHOE YBCJIMTUCHHC
KOJTHYCCTBA HEHpoHOB, okpamcHHBIX HA NeuN. Ha ®wur. 12b moka3zaHO KONMHYCCTBO MOACUWTAHHBIX KICTOK,
okpameHHBIX Ha NeuN, BBIpOXCHHOC B IPOIICHTAX OT KOJMYECTBA KJICTOK HA CAWHUIY IUIOIAAH B 5 cioe
COMATOCEHCOPHOH KOPBI TOJOBHOTO MO3Ta. Y Ka)KA0H MbIIrH Opanm 00pasusl B 3 0061acTiax, v 3 MbImei HA Tpymmy,
TakuM 00pa3oM, MOACYET KJICTOK NMPOBOJIIIM BCero B 9 obmacTsax. IloacuWTeIBaIM NPOLEHTHOE COACP KAHHC
OoKkpameHHBIX Ha NeuN KIeTOK B TpyIIe, NOJy4YaBIICH TPaMETHHHO IO CPAaBHCHHUIO C TPYNIOH, MOJy4YaBIICH
mianedo.

Ha ®ur. 13 mokazaHbBl pe3yNbTaThl HCCICAOBAHWUS (PPOHTANBHBIX CPE30B JABHIATCIBHON 30HBI KOPBI
rooBHOro Mosra mpmm. Kak nmokazano Ha ®ur. 13a, y memeit SXFAD, monyuyaBmmx mimanedo (KOHTPOIIb),
HAOMFOJam OOIIMPHOE MOBPCKACHUE HCHPOHOB B 5 CJOC JABHTATCJIBHOH 30HBI KOPBHI H CHIDKCHHOC KOIHYCCTBO
HelipoHOB, oOkpameHHBIX Ha NeuN, Torgja kKak B TIpyIie, NOJydYaBIICH TpPaMeTHHHO, BHOBb HAOMOMATH
CYIICCTBCHHOC YBCIMYCHHUC KOJHYCCTBA HCHPOHOB, KAK M B COMATOCCHCOpHO# kope. Ha ®@wmr. 13b moxazaHo
KOJIMYECTBO TOJCYHTAHHBIX KJICTOK, OKpameHHBIX Ha NeuN, BRIpOKECHHOE B MPOICHTAX OT KOJHYECTBA KJICTOK HA
COMHUIY TLIOMATH B 5 CIOC ABHTATCIBHON 30HBI KOPHI TOJIOBHOTO MO3ra. Y KaXkKaoi meimm Opaam oOpasusl B 6

o0macTax, v 3 MBIICH HA TPYymmy, TakuM O0Opa3oM, MOACYCT KICTOK NPOBOAWIM BCCro B 18 obOmacTax.
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INoacunThIBATY MPOUCHTHOC COACPKAHAC OKPAIICHHBIX HA NeuN KJICTOK B TPYIIC, MOAYYABIICH TPAMCTHHHO, 1O
CPABHCHUIO C TPYIIOMH, TOTy4aBOICH TIAeoo.

Ha ®wur. 14 moxa3aHsel pe3yIbTaThl HCCICAOBAHHA CATHTTAIBHBIX CPE30B OCHOBAHHA THIMOKAMIIA MBIIIH.
Kak mokazano Ha @ur. 14a, y menmeit 5XFAD, monyuaBmmx mmanedo (KOHTPOJb), B OCHOBAHHH THITIOKAMIIA
HAOMFOJam HeOOIBIIOE KOJTMYESCTBO HEHPOHOB, OKPAIICHHBIX HA Mapkep HelipoHoB NeuN, Torga Kak B IPYIIE,
MOJy4aBIIeH TpaMEeTHHHO, BHOBh HAOMIOJANTH CYIICCTBCHHOC YBEIMUCHHE KOJIHWYCCTBA HCHPOHOB, KaK M B KOpE
rogoBHOTO Mo3ra. Ha @ur. 14b moKa3aHO KOMMYCCTBO TOACYHTAHHBIX KICTOK, OKPAMICHHBIX Ha NcuN,
BBIPRKCHHOC B IPOLCHTAX OT KOJHYECTBA KJICTOK HA CAWHHIY IUTOMAJH B YYACTKE THIIOKAMIIA, OOBEACHHOM
MYHKTHPHOH THHUCH, n300paskeHHOM Ha @wur. 14a. YV xaxaoi Mbrnmun Opaam oOpasns! B 3 001acTsxX, y 3 MbIuci Ha
Tpymy, TakuM o0pa3oM, MOACUET KICTOK NPOBOJMIH BCEro B 9 oOnactsax. IloacuwmThiBamM HpPOLECHTHOE
CoJcpyKaHWEe OKpAIICHHBIX Ha NeuN KICTOK B TPyIIE, IOJYYaBIICH TPAMETHHHO, II0 CPAaBHCHUIO C TPYIIOH,
nmony4asineii miane6o. [IpuBeacHHBIC BBIIIEC SKCIIEPHMEHTHI MOKA3AIH, YTO TPAMECTHHHO BBIBIBACT YBCIHUCHHUC
KOJIHYICCTBA HCHPOHOB B 5 CTOC KOPHI TOJIOBHOTO MO3Ta W OCHOBAHNH THImokammna Mermcii SXFAD.

Mpumep 9. O6napy:kenne HeliporeHesa Ha Moe/ I 00J1e3HI AJbnreliMepa y MbHmei

UroOb! YCTAaHOBHUTD, ABIICTCS JIH YBEJIMUCHHUE KOJIHUICCTBA HEHPOHOB B 5 Cllo€ KOPBI TOJIOBHOTO MO3ra M
ocHOBaHHM Tunmokamma y Merueir SXFAD, monyuyaBomx TpamernHuO, nmokazaHaoe B [IpumMepe 8, cneactehuem
HCHpPOTCHE3a TOJA BO3ACHCTBHCM TPAMCTHHHOA, MPOBOIWIH WMMYHOTHCTOXHMHUCCKUI AHATH3 C PA3TUYHBIMA
KJICTOYHBIMH MApKCPaMH, KOTOPHIC BOSHHUKAIOT B mpouccee audpdepenumposku HCK B HelipoH.

DCX (mabaxopTtuH), OCIOK, 3KCOPCCCHPYIOINMIICA B  KICTKAX-TMPCAMCCTBCHHAKAX  HCHPOHOB,
SKCIPECCHPYETCA MPEHMYINECTBCHHO B MUTPHPYIOIIHX WM Au((hepeHIUPYIOMMXCA HEHPOHAX W CBHACTEIBCTBYCT
0 TOM, YTO KJICTKA MPEACTABILICT COOOH HE3peblii HCHPOH B mporiecce Heiiporeresa. Tujl (HeiipoH-crierudpmyaeckuii
octa-tyoymuH Kiacca III), Oemok, SKCHPCCCHPYIOMIMICA B AKTHBHO CIAMMXCH KICTKAX-TMPCAMICCTBCHHAKAX
HEHPOHOB MM B TOJIBKO YTO OOPA30BAHHBIX HE3PEJIBIX MMOCTMHTOTHYCCKUX HEHPOHAX, CBHACTCIBCTBYET O TOM, YTO
KJICTKA MPSACTABILICT co00H HSHPOH B mponecce HeiiporeHesa. Takum o0pazom, onpeaeras npucytereue DCX mmm
Tujl mpu MOMOIM HMMYHOTHCTOXHMHYECKOTO OKPAIIMBAHUS, MOKHO YCTAHOBHTB, UTO HEHPOTCHE3 HMEET MECTO B
pesyaprare muddeperuuposkn HCK B HefipoHsI

BrdU (5-6pomMae30KCHYPHINH), aHAIOT HYKJICOTHAHOTO OCHOBAHMS THMHUINHA, 3AMEIIACT THMHINH B X0
cunre3a JJHK B mensmmmxcs kieTkax, mo3Boirast OoOHAPY>KHBATh JCIAINHCCS KICTKH B XOJC HEHpOreHe3a IyTeM
HMMYHOTHCTOXHMHYECKOTO OKPAIINBAHHSL.

Mpumep 9-1. Onpenenenne sxcnpeccnn Tujl B coMaToceHCOPHOIT KOpe TOJIOBHOTO MO3Ta

Anrturena x Tujl gobaswanm k mpenmaparam TkaHu Mosra mbimeii SXFAD, monyuenusiM B [Ipumvepe 8, n
nHKyOuposasm mpu 4°C B TedyeHme 1 CyTOK, MOCNE 4Yero TKaHb HA CTEKIAX OKPAMIMBANH (DIyOpPECHCHTHBIM
KpacuTeIeM Iy TeM HHKYOAI[uy CO BTOPUYHBIMEH aHTHTEIAMH, MCUECHHBIMH (hyopecuenHa niotnoumanaroM (FITC)
(Invitrogen, xar. Homep A21121) mpu koMHATHOH Temmeparype B TeucHue 1 u. M300parkeHUs COMAaTOCCHCOPHOH
KOPBI, OJYUYCHHBIC ¢ TIOMOINBEO (hIyOPCCHCHTHOTO MHKPOCKOMA, Moka3aHel HA ®@ur. 15. Ha @ur. 15 B 00nacTiX,
OTMCUCHHBIX CTpPCIKAMH (—), TOKA3aHBI KICTKH, OKpamcHHelc Ha Tujl, a B 007aCTAX, OTMCUCHHBIX
TpeyroapaukaMu ('V), TOKa3aHbI OJIAIIKH, 00pa30BaHHbBIC arperataMu OeTa-aMmwionaa. bk IpuCy TCTBYIOT Kak
B TPYIIAX, MOJYYaBIIHX IITAe00, TaK U B TPYIIAX, MOTyYaBmAX TpaMeTHHHO. OHAKO, B rpyme, moay4asmei 0,1
MI/KI TPAMETHHHOA, B YACTHOCTH, HAOJIOAATIOCh CYIICCTBCHHOC CHIDKCHHE KOJIMYCCTBA KIJICTOK, OKPAIICHHBIX HA
Tujl, o CpaBHCHHIO C TPYNION, IOJy4aBIICH ITane00, HECMOTPSA HAa OJWHAKOBOE KOJHYECTBO Ormmek Oera-

aMHAJIONA, MPHUCY TCTBYIOMIMX B 00pasIax.
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Mpumep 9-2. Oxpamusanne no Huccmo n onpenesienne yxcnpeccun NeuN n DCX B 3y0uaroii
M3BHUIHHE THNTOKAMIIA

Ilpu akruBanum HeHporeHeza B cyOrpaHysipHoii 3oHe (SGZ) 3yOuaroif W3BHIMHBI IPOHCXOTUT
ACHMMCTPHYHOC ACICHHUC KJICTOK, H B PE3YJIbTATe B CAMOM Hayajie oOpasyrorcs kietku 2 tuma. Kmetkum 2 tHma
HMCIOT MaJO€ TENO C ATHITHYHBIM SAPOM, OHH KOPOTKHE, OPHCHTHPOBAHBI TOPH3OHTAIBHO W OHKCIPECCHPYIOT
HecTnH wiw Dex. KiieTku 3 THna npeacTaBifroT COO0H KICTKH, KOTOPHIC MPOIILTH JATFHCHIIYI0 Tu(B(PCPCHIHPOBKY
U3 KJICTOK 2 THIA W TAKXKS 003HAYArOTCA Herpoomactamu. Kinetku 3 Tuma mpeacTaBIamoT co00i KICTKH HA PAHHCH
cramuu (G QepeHIMPOBKH B HEHPOHATGHOM, HO HE INIMATBHOM HampasicHHH. KieTku 3 THIa paciooKCHBI
OmKe K IpaHy HIPHOMY CIIOIO OT CyOTpaHY ISIPHOH 30HBI 3yOUAaTONW M3BHIIMHBI, H B OTJIMYHE OT KICTOK 2 THIIA OHH
OPHCHTHPOBAHBI HE T'OPH30HTANBHO, a BEPTHKANBHO. [IpHCyTCTBHE KIETOK 2 M 3 THHAa B CyOTrpaHyISpHOH 30HCE
3y04aTOH M3BHJIMHBI YKA3bIBACT HA TO, UTO HMEET MECTO HEHPOTEHES.

OxpammBanme mno Hwucemo, okpammeanme T1edeny Hwumcens Helipona, sBISEeTCI  crmocoOoM,
JECMOHCTPUPYIONINM PACIPEicICHAEC W COCTOSHHC HCHPOHOB B TOJIOBHOM Mo3re. TKaHm MoO3ra Ha CTEKJaXx,
noayucHHBE B [IprmMepe 8, pernaparupoBaiy myTeM HOCIeI0BaTeIbHOTO MOTPYXeHuU B keunod, 100%, 90%, 80%,
70%, 50% coupt U 3aTeM B BOAY, KAKAbIH pa3 Ha 5 muHyT. [locne nomemenus B 0,1% pacTBop Kpe3ui-BHOICTA
(Sigma, xar. sOomep C5042) mpm koMHAaTHOH Temmeparype Ha 15 MHHYT WX JETHAPATHPOBANH IyTEM
TIOCIIEIOBATENBHOTO TOTpY>keHuA B 80%, 90%, 100% crupt u xenmosr. Ha ctekia HakmaaeBa Iy MOKPOBHBIC CTEKIIA
U UCCJICAOBAIN HEHPOHBI.

OxpampmBanne Ha NeuN BBIOTHAIH cniocoOoM, ommcaHHBIM B [Ipmvepe 8, oxpammearme Ha DCX
BBITIOTHAIH QHAJIOTHYHO, HO BMeCTO aHTuTeT K NeuN mcmonp3oBamm antutena k DCX (Santa Cruz, kat. HOMEp
sc271390)

Pesynprarsl nokazansl Ha @ur. 16a. OxpammBanwe mo Huccmo w okpammsanme Ha NeuN y Mbimrei
5XFAD, mony4aBOIuX TPAMCTHHHO, MOKA3ajI0, YTO YHCJIO0 KICTOK, HMCIOMIHX MOP(OTOTHIO KICTOK 2 THUNA WiH 3
THIA, TOSBICHHC KOTOPHIX chelm(uYHO 111 Tpomecca HEHpOreHe3a, CYIICCTBCHHO YBEIHYHBANIOCH B
cyOrpany aapHoii 30H¢ (SGZ) u B 00aCTH, PaCHOI0KCHHON OMDKES K TPaHYIAPHON 30HE, MO cpaBHCHHUIO ¢ SGZ B
3youatoli m3BmmHC. KpoMe TOTO, OTMCUAIM NPUCYTCTBHC HE3PCIBIX HCHPOHOB (OTMCYCHBI CTPCIKAMH (—) B
KOJIOHKE ¢ 0Oo3HaueHneM “Dex” Ha ®ur. 16), Taxxke okpamenHsix Ha DCX, uro moaTsepkaano, 4ro B 3yOuaToi
H3BUJIMHE THIITOKAMITA Y MBIIIEH, NOTyYaBIINX TPAMETHHUO, MPOTEKAT HEHPOTEHES.

Mpumep 9-3. OxpamuBanue odaacTu 3y0uaroii m3pumHbI runnokavmna BrdU

JI1s1 BOZHHUKHOBEHHUS HEHPOTCHE3a MOJDKHO NMPOHCXOANMTh ACHMMETPHYHOE JCJICHHE HEPBHBIX CTBOJOBBIX
KJICTOK, ¥ 3TO HCCJICIOBATH B CICAYIOIIEM SKCIICPHMEHTE.

Cpessr Tkarn mMosra Mermeit SXFAD, kotopeiv eoanin BrdU (Beenenme 50 mr/kr BrdU exxecyrouno Ha
MPOTKEHUE 5 TMOCICAOBATEJBHBIX CYTOK IEped 3BTAHA3UEH, kak omucaHo B I[lpumepe 8) peruapatuposany,
nmomemam B 1,5 M HCI (consaayro kucnoTy) n maKyOuposanu npu 37 °C B redenne 30 munyT. Cpessl OI0KHUpoBaIn
pacteopom, coxepxkamuM 0,5% BCA (6prumii ceiBoporounsiii ansOymuH), 0,3% TritonX-100 u 10% HOpManbHYIO
KO3BI0 CHIBOPOTKY W mHKyOmupoBamm ¢ anTuTe oM K BrdU (Cell signaling, xar. mHomep 5292) mpu 4°C B TeucHme 1
cytok.  HMmMmyHO(IyOpecneHTHOE OKpAIIMBAHWE IPOBOJMIN HA CICAYIOIMMHA [CHb, HWHKyOHpPYS Cpe3bl CO
BTOPHYHBIM AQHTUTEIOM, KOHBIOTHPOBAaHHBIM C (uyopecuenHa wm3otnonuanaroM (FITC) mpm komHATHOH
TEMIIepaType B TeueHHe 1 waca, mocie Yero MCClIeA0BAIN OKPANIMBAHWEC 30HBI 3y0UATONH W3BHIIMHBI THUIIIOKAMIIA

TPH TOMOINH (IIYOPECUCHTHOTO MUKPOCKOMA.
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Pesynprarsr mokazansl Ha @wur. 16a B KojoHke, o0o3HaucHHON “BrdU”. Kimerkw, moMCUCHHBIC
tpeyroapaukaMu (V) mpeacTassror coboii kierku, meueHHble BrdU. Tlpn cpasHeHun ¢ rpynmoii, momydasmei
mrane6o, v Mermeh SXFAD, mony4yaBmmx TpaMeTHHAO, B 3y0UaTO# H3BHIMHC HAOIFOJATH YBCIHUCHUC KOJTHYCCTBA
knerok, okpamenHblx BrdU. Ha ®wur. 16b moka3aHo kommdectBo MeueHHBIX BrdU kimeTok, 49T0 BHOBB
CBHICTEIBCTBYCT, YTO B TIPyIIe, TMOJY4YAaBIICH TPaMCTHHHO, HAOMIOAANH YBEIHUCHHC KOJMYECTBA KICTOK,
okpamennslx BrdU. Ha ®@wur. 16b mokaszaHo cpemHee KOMMYECTBO KJICTOK, MOACYET KOTOPHIX NMPOU3BOAMIHN B 9
o0nacTsx (3 MBIIH HA TPYIIY U 3 00MACTH Y KaXXIOH MBIIIH).

JlaHHBIC ~ pe3ydbTaThl CBHACTCIBCTBYIOT, YTO TPAMETHHHO HHAYLUPYET HEHpPOTEHE3 3a cuer
maddepermmposkn HCK Ha Mozenn BA y Mbimed. 310 MO3BOISET HMPEANONIOKHTH, YTO TPAMETHHHO MOYKHO
TMPHMCHATh HE TOJBKO B KAYECTBC OCHOBHOTO JeucHHI DA, HO Takke W Uil JICUCHHS H TPEAYHPESKACHUS
3a00IeBaHAH, BBI3BIBAHHBIX IOBPCKACHHEM HWIIH YTPaToil HEHPOHOB B KOPE TOJOBHOTO MO3Ta, B YACTHOCTH, B
JBHUTATEIbHOH 30HE KOPBI.

Mpumep 10. HeiiponpoTekTHBHASI AKTHBHOCTH HA Moe BA y mbnmeii

UroOb! yCTAaHOBHTH, 00IATACT M TPAMETHHHO HEHPOMPOTEKTHBHBIM BIHSHACM HA KOPY TOJIOBHOTO MO3Tra
W OocHOBaHme rummokamma Mermed 5SXFAD, mposomumn wMMyHOTHCTOXHMHUECKH anaam3 meromoMm TUNEL
(meuenne 1Y T® xonnos JJHK mpu nomomm TepMHHANBEHOH NC30KCHHYKICOTHANUNTPAHC(EPasbl) AN BBIBJICHHS
anonro3a kinetok. Anamm3 meromoM TUNEL moszsomster okpammBarh 3 -THAPOKCH-KOHEI[ (hparMEHTHPOBAHHOH
JHK, uro mo3BossieT 0OHApy KUBATh KJICTKH, IIOABEPTAIOIIHCCS ANIONTO3Y B TKAHH.

CarutranpHble Cpe3bl TKAaHH TOJOBHOTO MO3ra, monyucHHble B [lpmmepe 8, permapaTupoBam H
okpammBam ¢ momompro Habopa ama TUNEL-anamms3a (Promega, Wisconsin, USA, xar. HomMep G3250). B
YACTHOCTH, CPE3bI TKAHH T'OJOBHOTO MO3ra nepmeadbmmm3uposamm 20 MKI/MII pacTBopa npotenHassl K B teueHne 10
MHHYT, HHKYOHPOBAJIH C YpaBHOBEIIHBAOLINM Oy (hepoM B TeueHue 10 MUHYT M 3aTEM HHKYOHPOBAIH C paCTBOPOM
TdT mpu 37°C B TeucHme 1 uaca. Habmogamu okpammBaHHC OONACTCH COMATOCCHCOPHOI KOPBI W OCHOBAHHA
THIIIOKAMIIA, 00JIACTCH, B KOTOPBIX, KaK W3BCCTHO, V MbImeH SXFAD mMeeT MECTO 3HAUMTCIBHASA THOCTH KICTOK.
TUNEL-ananu3 Taxke OpPOBOJMIN HA CPe3axX TKAHU TOJOBHOTO MO3TA HOPMAJIBHBIX B3POCIBIX MBIIEH (KOHTPOJIb)
JUTA TIOATBEPKACHHUS TOTO, YTO OKPAIIMBAHKCE OBUIO MPOBEACHO HAJICKAIIIM 00pa3zoM.

Pesynbrars! mokazasel Ha @ur. 17. OkpanmBaHue 3eJeHBIM (DIIyOPECUECHTHBIM KPACHTENEM Y HOPMATIbHBIX
MbIIcH (0003HAYCHBI “HOpMambHBIC MBIH HA @Dur. 17) HC HAOMOATH, TMOCKOJIBKY AmONTO3 OTCYTCTBOBA.
Omnako, 3¢ICHYI0 (DTy OPSCUCHIIMIO HAOMOIATH BO MHOTHX KJICTKAX B COMATOCCHCOPHOM KOpe (PsAx, 0003HAYCHHBIN
“kopa” Ha @ur. 17) m ocHOBaHWHW ruIIoKammna (pad, oO03HAUCHHBIH “ocHOBaHWE rummokamma” Ha @ur. 17) y
mpmmeli SXFAD. Ha ®ur. 17 okpanieHHbIE KICTKH B OCHOBAHWH THINIOKAMIIA OTMCUCHBI CTpENKaMu (—); B
COMATOCECHCOPHOH KOpE CHEHHUAIBHBIX IIOMETOK HE JCJIANH, MOCKOIBKY OKPANIMBAJIOCh MHOTO KIeTOK. B ciywae
mpmeli  SXFAD, mnody4yaBmNX TpaMETHHHO, KOJHYECTBO KJIETOK, OKpameHHbIX MeromoM TUNEL B
COMATOCCHCOPHOH KOpe M OCHOBAHWM THINOKAMIA OBIIO CYIICCTBCHHO HIKE O CPAaBHCHHIO C TPYIIOH,
moJy4asIiei miamne6o.

OTH pe3yabTaTthl ACMOHCTPHPYIOT, YTO TPAMETHHHO OKA3bIBACT 3AIUTHOC ACHCTBHE, IPEIOXPAHSA
HEHpPOHBI 0T THOETH Ha MOACTH BA y MbIe.

Mpumvep 11. 3amura kaerok Hypknabe Mozxkedka Ha mogean BA y mbimeii

Cpessr Tkanu mosra (Mbrmedt SXFAD), ommcannsie B [Ipuvepe 8, maKyOupoBamm ¢ anturenamu k Tujl u k

kampOmeauHy (Cell signaling, xar. somep 13176) mpm 4°C B TeueHme | CYTOK H OKpAIIMBATH IS

I/IMMyHO(I)J'Iy OPECUCHTHOIO aHaIu3a BTOPHYHBIMH  AQHTUTCIIAMH, KOHBIOTUPOBAHHBIMHA  C (I)J'Iy opecucruHa
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motuormanaroM (FITC) wnmm ¢ pomaMuHOM TpW KOMHATHOW TeMmmeparype B TeucHHE 1  waca.
MMMy HO(DITYOPSCICHTHBIC H300PAKCHHA CIOS KICTOK [lypkuHbe mpueeacHsl Ha @ur. 18. JIma kakaoil rpymms
BOBICHCTBHUSA MPHBCACHO ABA CPE3a C OKpammBanueM Ha Tujl u Tpu cpe3a ¢ OKpalIHBaHHCM HA KATHOWHIWH.

Kak mokazano wa @wur. 18, xmerku IlypkwHbe B Tpynme, mnodyuasimeil mianc00, HMENH TOHKHE
BBIJIAFOIIMECS AKCOHBI, BEITJIIICBINNC Pa3pe3aHHbIMU mocepeauHe. HampoTus, B rpymnme, noy4asIeii TpaMeTHHAO,
B YACTHOCTH, B rpynme, moiydapmei 0,1 Mr/kr tpamernHmHOa, HaOMOAAIHMCh KICTKH [IypKWHBE C YCHICHHBIM
BETBJICHHCM AKCOHOB HJIM IT0 MCHBILCH MEpe C COXPAaHCHHEM CTPYKTYPBI AKCOHOB IIPH CPABHCHHH C KOHTPOJIbHOH
TPyIIIOH, moTyJaBIIeH mianeoo.

H3BeCTHO, YTO MO3KEUOK HIPACT BAKHYIO POJb B HHTCTPAIMHM NPONPHOLCHTHBHBIX ONIYINCHHN C
perymanued W KoopauHAIMCH apmkeHH. HawmGomee yAWBHTEIBHBIC KICTKH MO3XKEUKA, KICTKH IlypkuHbE,
SIBIIIFOTCSL OTHAMH H3 CAMBIX KPYTHBIX KJIECTOK B TOJOBHOM MO3IC, HX CJIOXKHO PA3BETBICHHBIC aKCOHBI 0OPa3yIOT
CHHAIICHI JPYT C APYTOM H IPOHHKAIOT TJTyOOKO B LEHTP MOKCUKA, A OCYINECCTBICHHUS PEry U H KOHTPOIA
JBUTATCIbHOH MYyCKyJaTypsl. IIpHBENCHHBIC BBINIC PE3yJIbTATHI IKCICPHMCHTOB CBHACTEIBCTBYIOT, HTO
TPaMETHHHO 3aIMUIIacT KICTKH [IypKHHBC M YBEIHYMBACT BETBJICHHE aKCOHOB B MORKCUKE, BO3MOKHO MO3BOJILA
JCUUTh 3a00JCBAHNA, KOTOPHIC BBI3BAHBI YTPATOHW I NMOBPEKACHHEM KIeTOK [lTypKiHBE MO3KEUKA, TAaKHE KaK
MO3KEUKOBAS ATAKCHA.

Mpumep 12. Aarnénposanue Tpamernnnoom akrusHoctn MEK na monesm BA y Mbnmeid

[NTockobKy TEKapCTBEHHBIC CPEACTBA UL JICUCHHS HEHPOACTCHEPATHBHBIX 3a00/ICBaHNH BO3ACHCTBYIOT HA
LCHTPATBHYIO HEPBHYIO CHCTEMY, BA)KHOE 3HAUCHHE MMCET WX CHOCOOHOCTH IMEpeceKaTh reMaTo3HIe(annaecKui
oapeep. Cpean wurmbutopoB MEK 1/2 Takme coemmucHusa kak AS703026 W3BECTHBI CBOCH CIIOCOOHOCTBHIO
s¢pexTuBHO Tepecekate ['Ob m mHrmoOmposare MEK u cHmxkate 3xcmpeccuto (ochopunuposanHod ERK B
roosHOM Mosre Mbrimu (Shaw et al. (2012) Evaluation of brain pharmacokinetics as a potential differentiation
factor for the MEK inhibitors, MSC2015103 and pimasertib. Abstract LB-456, American Association for Cancer
Research Annual Meeting, Chicago, IL). UroOs moarsepauts, uro uaruouTrop MEK1/2 TpamMeTnHHO TPOHAKACT B
TOJJOBHOW MO3T' M YTOOBI TOJIYYHTb YKA3aHHBIC BBIIIC PE3YIbTATHI IKCIICPHMEHTOB IIPH NECPOPATBHOM BBEIACHUH
mbrmam SXFAD, usmepsin yposeHs skcripeccnn pERK B TkaHN rost0BHOTO MO3ra.

[Monymapust roxosaoro mosra mermeii SXFAD (3 mprmm Ha rpymmy) w3 [lpumvepa 8, HaxoawsImmecs B
MOPO3HJIBPHOM ammapare Uil HH3KOTEMIIEPAaTyPHOTO 3aMOPAKHBAHKS, MOMCINAIN B XKUIKAH a30T M M3MEIbYAIH B
CTYIIKE C XXUAKHM a30ToM. [lopomok memmam Ha 6 yacTeil, MOMEINAIN B HOBBIC MPOOMPKH U BHOBb NMOMEINANH B
MOPO3WJIBHBI ammapar aIs HHU3KOTEMICPATYPHOTO 3aMOPAXXKWBAHMA. BBHHMaTH OAHY H3 NPOOHPOK H
HCTIOJIB30BAJH U1 BECTCPH OJOTTHHIA, Kak onmucaHo B [Ipuvepe 5-2. TTopomok OCTOPOKHO CYCIICHANPOBATH TIPH
nomonmy nunetkn B Oypepe RIPA, makyOuposamm Ha npay B TedcHue 10 MuHyT, meHTpH(pyrHpoBamn npu 13000
00/vuH npu 4°C 1 cobupanu HAZOCAIOUHYIO KHAKOCT. [locie m3MepeHns KOHIEHTpaumHy Oeka nodasmum Oy dep
s HaHeceHUA oopasuos (0,25 M Tris-HCI pH 6,8, 0,05% SDS, 50% rmmepusn, 0,25 M DTT, 0,5 mr/mx BPB),
kumarnom npu 100°C B teuenne 10 munyT 1w xpannnm npu -20°C. B 10% noymaxpriaMuaHEIA Telb 3arpy>Kaan
obpasen, coacpskapmmii 10 MKr Ocika, MPOBOAWIH 3ICKTPO(POPe3 B MPUCYTCTBHH JOACIIICYIb(pATa HATPHUA,
MICPCHOCHIN HA HHUTPOLCILTIOIO3HYI0 MCMOpPaHy W OJOKHpOBATH 5% OOCHKUPCHHBIM MOJIOKOM HpPH KOMHATHOH
Temmeparype B TeucHHE 1 waca. [t BectepH-OnmorTHHra mcmoms3osamm antutema kK pERK (Cell signaling, kar.
Homep 4370) mw ERK B Tpuc-Oydepusuposanaom ¢usnonormucckom pacteope (TBS) ¢ 0,1% Tween 20,
WHKYOHpPOBATH MPH KOMHATHOH TCMICPAType B TCUcHHE | yaca ¢ MOCTICAYIOWICH WHKyOAIMCH CO BTOPHYHBIMHA

AQHTUTEJIAMH, KOHBIOTHPOBAHHBIMH C NEPOKCHIA30H XpeHa, MPH KOMHATHOH Temmepatrype B TeucHume 1 waca.
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[Nomocer 6eNKOB ACTEKTHPOBAIH TPH MOMOIH (POTOUYBCTBHTEIFHON CHCTEMBI PETHCTpPAIMH H300pakeHuil (Pur.
19a). [l KOJMUECTBEHHOTO ONpeAcIeHI H3MeHeHHA dkcnpeccun pERK onpenenamt yposau skcnpeccuu pERK n
ERK mnpn momMomu ACHCHTOMETPHH H HOPMANTH30BATH YpOBeHb 3kcmpeccHu PERK OTHOCHTETBHO YpPOBHA
skcnpeccnn ERK. Hopmammsosanusiii yposenp sxcmpeccun pERK B rpymme, moiydaBnedi TpaMeTHHHO IO
CPABHCHUIO C TPYNIOH, MOTy4aBIICH mianc0o, mokasaH Ha ©ur. 19b.

Kak moxazano Ha ®ur. 19, yposens 6enxa pERK B ronosHoM mo3sre y Mpimei, momydasmux 0,1 Mr/xr u
1,0 Mr/kr TpaMeTHHHOA, CYIICCTBCHHO HIDKS, YCM B TPYIIIC, MOAYYaBIICH mIancoo.

3TO YKa3bIBaCT, YTO IPH NECPOPATHHOM BBCACHHU TPAMETHHHOA MPOMCXOIUT IOCTYIIJICHHE TPAMETHHIOA B
TOJOBHOW MO3TI C mocieAyromuM uHrumoOmposanneMm aktuBHOCTH MEK m cHmkenmem skcmpeccnn pERK, B
pe3yapTate obecneunBas HEHpOTeHe3 H HEHPOITPOTEKTUBHBIH Y (EKT.

Mpumep 13. YMeHBICHNE OTJIOKEHNIS 0eTa-aMILIonaa Ha Moaesi BA y Mbnmeii

[NockobKy OCHOBHOHM HAaTOJIOTHUECKOH XapakrepucTukoii BA sapmsercs orioskenme AP, mccienosamn
CHOCOOHOCTh TpaMETHHHOA yMEHbIIATh oOTjiokeHHe Af. Mcnoms3ys H3MENbUCHHBIH NOPOIIOK MHOJNyINAPHH
roosHOro Mo3ra Mermed SXFAD, monyuennsii B [Ipumvepe 12, onpeaensin KommiecTBeHHOE coaepkanue AP(1-
40) u AB(1-42) npu momoru ELISA (mvmvyHO(epMeHTHBIN aHamm3). Mccnenosanne MPOBOAMIN C HCIIOJIB30BAHHEM
Haoopa ELISA (Invitrogen, MA, kar. Homep KHB3442) crexyrommm oOpa3om: CHawama HMOPOMIOK TOJOBHOTO
MO3ra MBIIH OCTOPOKHO CYCHCHAWPOBATH NpPH NOMOImHM muneTku B S5M  pactBope ryanuauH-HCI,
neHTpudyruposamn npu 16000 g (06/mun) mpu 4°C w codmpann HAZOCAAOUHYH) JKHAKOCTH. [locme m3MepeHHA
KOHIICHTpanuH Ocika Ao0aBmamu Oy (hep A pa3BeACHAA AT MOJIYUCHHUA PacTBOPa, coaeprkamero 30~50 Mkr 6emka
B 100 mxn B 96-nmyHounbic miaHIICTHI AoOasmumn 100 mxn kaxkmoro w3 anturen K AP(1-40) mw AP(1-42),
HHKyOWpOBaJM TPH KOMHATHOH TEMIIEpaType B TEUCHHE 2 4YACcOB, 3aT€M YAALLIH W TpOoMbIBAIM 4 pasza
OTMBIBOUHBIM Oy(epom. Jlobapmamu 100 MKT KaKOOTO W3 BTOPHYHBIX AHTHTC]T, KOHBIOTHPOBAHHBIX ¢ HRP, m
HHKYOMpPOBAIM IPH KOMHATHOI TeMmeparype B TeueHne 30 MUHYT. 3aTeM PacTBOP YIAJLLIH U BHOBb IPOMBIBAIH 4
pa3a oTMbIBOUHEIM Oy(epom. B ayakm nobaemumm 100 Mk 6eika, MOAYYCHHOTO H3 MOPOIIKA TOTOBHOTO MO3ra
MBIIIH, WHKYOHpPOBATH B TEMHOTE B TeucHHe 30 MHHYT M OCTAHABIMBANH PEakKImio AoGasiecHueM 100 MK
OCTAHABJWBAIOIICTO PACTBOPA. 3aTCM JCTCKTUPOBANH XCMIIFOMHHCCUCHIMIO Tpu 450 HM TpH mOMOINH
cumThIBaOmEre ycrpoiicrsa ana 1uanmeros ELISA. Tlepepomwmm exwHHIB! MOTJIOICHUS B KOHLECHTPALHIO,
HCTOIB3YA CTAHIAPT, H OMPSAC/ILTH KOHICHTPAIIUIO KaKa0ro Ocnka. Paccunteanm kommiaecto AB(1-40) uw AB(1-
42) ortHOcHTETBHO oOmero konmuectBa Ocmka (30~50 MKT) W 3aTreM paccumThIBATH KOTHISCTBO AP(1-42)
oTHOCHTENbHO KoimdecTBa AP(1-40). TlonyueHHBIC CpeaHNe 3HAYCHAS [T 3 MBIICH B KKIOH IPyIIC MOKA3aHBI
Ha ©wur. 20. Kak mokazano Ha @wur. 20, kommuectso AP(1-42)/AP(1-40) cHmxanoce B Tpymme, MOTydYaBIICH
TPAMCTHHHO O CPABHCHHUIO C TPYIIOH, moayyaBmici miancoo.

3T0 yKa3bIBACT, YTO HA MOACTH DA y MpImieH TpamMeTWHHO BBI3BIBACT YMCHBINCHHE KoimdecTBa AP, B
yacTHOCTH, (hopmbl AB(1-42), 06mamaromeii BRIPAKCHHONW CKIIOHHOCTBEO K 00PA30BAHHIO TOKCHUCCKUX OJTHTOMCPOB

WM arPeraTosB, ¥ TAKAM 00pa3oM, MOKET 00ECIICUHBATH 3alIUTy HEHPOHOB.
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OOPMVYIJIA U30BPETEHHS
1. Cpooco® wWHAyUMPOBAHHSA  HCHPOPCTCHCPALMH,  BKIIOYAROINHI  BBCACHHC  COCAWHCHHA(H),
HHrHOupyomero(ux) o0¢ KHHa3bl MUTOTCH-aKTHBHPYEeMBIX mpoTernaknHa3 MEK 1 u MEK?2 (unruburop MEK 1/2),
TMAIUCHTY, HY)KOAIOImEMyca B 3ToM, rac mHruOutop MEK 1/2 mpeacraBmaeT co0oif MO MCHBIICH MEpe OJHMH

WHrHOWTOp, BBIOPAHHBIH W3 TPYIIIBI, COCTOSINCH W3 TpameTmHHOa, mumacepruda (AS703026), OmHmMeTHHHOA,

pedpameTnHIOA,
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2. Cmoco6 mo m 1, rae wmaruOmrop MEK 1/2 wHOymmpyer HCHpPOPCTCHCPAIMIO MOCPSICTBOM
(G depeHIMPOBKH HEPBHBIX CTBOJIOBBIX KIICTOK B HEHPOHBI, IOCPEICTBOM 3AIMUTHI HEPBHBIX CTBOJOBBIX KICTOK M
HEHPOHOB OT MUTOTOKCHYECKOTO BIMSIHAA OCTa-aMHTOWIOB HIIH OCPEICTBOM TOTO H APYTOTO.

3. Cmoco6 o 1. 1, rae marndurop MEK 1/2 mpenctapisaet co0oil TpaMeTHHHO.

4. Cooco0 3amuThl HCHPOHOB OT HEHPOHHOH YyTPaThl WM TOBPEKACHHA, BKIIOYAIOMIMH BBCACHHC
cocauHCHUA(H), WHrHOMpyomero(nx) 00¢ KWHA3Bl MHTOTCH-aKTUBHpPYEeMbIX mporcmHkmHa3 MEK 1 uw MEK2
(maruduTop MEK 1/2), rae wmarndutop MEK 1/2 mpeacraBmaet coOOH MmO MCHBIICH MCPEC OJWH HHTHOUTOD,

BBIOPAHHBIH W3 IPYIIIBI, COCTOAMEH N3 TpameTnHnOa, mumacepruda (AS703026), OnanMmernHnOa, peamernHnda,
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5. Cmoco6 1o 1. 4, tae marudurop MEK 1/2 mpencTtasiset co0oii TpaMeTHHHO.

6. Crioco® mpeaynpe:KaACHUA WM JICUCHUS HCHPOACTCHCPATHBHOTO 3a00JICBAHMSA, BBHI3BAHHOTO YTPaToil
WIH TOBPCKACHHCM HCHPOHOB, BKIFOUAOMIWI BBCACHUC COCOUHCHUA(H), WHrHOHMPYIOMCTO(MX) 00¢ KHHA3BI
MHUTOTCH-akTHBHPYeMBIX mpotenHknaa3 MEK 1 w MEK2 (warubutop MEK 1/2) mammeHTy, HYXIAIOMICMYyCAd B
stoMm, rae uaruourop MEK 1/2 mpeacrasnsger coboii mo MEeHbIIEH Mepe OXMH HHIHOUTOD, BHIOPAHHBIH W3 TPYIIIHI,
cocrosmeii n3 TpameruHnOa, TuMaceptuda (AS703026), OuanmeTnHIOA, pehaMeTHHIOA,
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7. Cnocob mo 1. 6, TAe HelpoAereHepaTHBHOE 3a00JICBaHIE BBIOPAHO W3 TPYIIIIBL, COCTOSIICH W3 ACMCHIINH,
Oone3Hn AnpureitMepa, COCYAHCTOH ACMCHINH, CCHHIBHOIN ICMCHIMH, JIOOHO-BHCOYHON ACMCHITHH, ICMCHIHH C
texpuamu Jlesu, 6one3nn [lapkiHCOHA, MHOKECTBCHHONW CHCTEMHOH arpodmu, KOPTHKO-0a3anpHOH JeTCHEPalHH,
TIPOTPECCHPYIOIIETO CYMPAHy KICAPHOTO Mapaitnya, 00Je3HH XaHTHHITOHA, OOKOBOTO AMHOTPO(HIECKOTO CKIEPO3a
(BAC, oOonesau Jly Tepura), NCPBHYHOTO JATCPAIbHOTO CKICPO03a, CHHHAJBHON MBIMCYHOW aTpoduw,
mporpeccupyronero  OyapOaproro mapammua  ([IBIT), mporpeccupyromeii wmermeunoii  atpoduu  (TIMA),
nceBA00y THOAPHOTO TAapaanya, HACACACTBCHHON cmactuueckoit mapamierun (HCII), MO3KCUKOBOW AaTakCHW,
oone3an Kpeitngenpaa-Skoda, paccessHHOTO CKICpo3a u cuHapoma [ uticHa-bappe.

8. Cnoco6 1o 1. 6, rae waruourop MEK 1/2 npeacrapiier co0oii TpaMeTHHUO.

9. Cmoco6 1o 1. 8, TIc HeHPOACTCHEPATHBHOC 3a00ICBAHUC MMPSACTABIHICT COO0M O0IC3Hb ANbIreimepa.

10. Cmoco6 mo 1. 8, TA¢ HeHPOACTCHEPATHBHOS 3a00ICBAHUC MPCACTABILICT CO00i COCYANCTYIO ACMCHIHIO.

11. Cmoco6 mo m. 8, TAC HCHPOACTCHCPATHBHOC 3a00JCBAHWC TPCACTABIACT CO00H OOKOBOI
amuotpodmueckuii cknepos (BAC, 6onesns Jly-I'epunra).

12. Cmoco6 1o 1. 8, Ta¢ HeHpOACTCHEPATHBHOC 3200 ICBAHIC MPEACTABIACT COO0M 00IC3HP XAHTHHI TOHA.

13. Croco6 mo 1. 8, rae TpaMeTHHHO BBOIAT B KoamdecTse oT 0,1 Mr 10 2 MT OAMH pa3 B CYTKH.

14. Cmoco6 o 1. 13, rae TpameTnHUO BBOAAT B KoamuecTse 0T 0,1 Mr 10 1 Mr oIWH pa3 B CYTKH.

15. Cmoco6 o 1. 14, rae TpamernHUO BBOAAT B KoamuecTse 0T 0,1 Mr 10 0,5 Mr oamH pa3 B CYTKH.

16. Cnoco® CcKpHHHHTa JE€KAPCTB-KAHAWIAATOB UIA JICUCHHSA HCHPOJCTCHEPATHBHBIX 3a00JICBAHMMH,
BKJTFOYAIOIIUHN CTaHU:

1) 0OpaboTKH HEPBHBIX CTBOJOBBIX KJICTOK, ITOJYYCHHBIX Y B3POCIOH MBIIIH, IO MEHBIICH MEpPE OJHUM

BCIICCTBOM, BBIZBIBAIOIIHUM MOBPCIKACHUC HGﬁpOHOB, BI>I6paHHI>IM W3 TPYIIbI, COCTOSIICH U3 66Ta-aMI/IJ'IOI/II[a,
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MPTP  (1-merun-4-Qeunn-1,2,3,6-TeTparuAponupuANHA), POTCHOHA, OKcuaogammHa, Tiayramara, LPS
(mrmomnonmcaxapuaa) u S100B (S100 xampmuii-ca3siBaromero oemka B);

2) moOaBicHHA WCCICAYCMOTO BCIICCTBA K HCPBHBIM CTBOJIOBBIM KICTKAM, OOpPAaOOTAHHBIM YKA3aHHBIM
BBIIC BCIICCTBOM, BBI3BIBAIOIUM TTOBPC/KICHHC HCHPOHOB, H

3) m3yuenus au(PepeHIUPOBKE W THOCITH HEPBHBIX CTBOJOBBIX KICTOK MyTEM aHATH3a MOPQOIOTHH
KJICTOK.

17. Crmoco6 mo m. 16, TAC BCIICCTBO, BRI3HIBAKOINCE MOBPCKACHAC HCHPOHOB, MPSACTABIACT COOOM OcrTa-
aAMHJIOUT.

18. Cmoco6 mo 1. 17, rae 6eTa-aMHAIONT HAXOJUTCA B OJTATOMCPHOT (popme.

19. Cnoco06 mo m. 18, rac Ocra-aMHIOWA, HAXOAAIUICA B OJIHTOMCPHON (PopMe, COOCPKHUT TPHUMCPHI H
TETpaMepsl OETa-aMHIONIA.

20. Cnoco0 mo 1. 19, tae OeTa-amunons npeacTasisieT codoit AB(1-42), cocrodmmuii u3 42 AMHHOKHUCIIOT.



1
Kommosumus, cioco0cTyromas Au(PepeHIHPOBKE U 3AIIUTE
HCPBHBIX CTBOJIOBBIX KJICTOK, H COCOO MHIY IHPOBAHHSA
HEHPAJIbHOH pEreHepaliy ¢ MPUMEHEHUEM YKA3aHHOU KOMITO3ULIUU
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TpameTunut MeMaHTUH MeMaHTUH AS703026

TpameTuHuod

100 1M 5 MM 10 MxM 10 MxM

10 'tM

2
Kommosumus, cioco0cTyromas Au(PepeHIHPOBKE U 3AIIUTE
HCPBHBIX CTBOJIOBBIX KJICTOK, H COCOO MHIY IHPOBAHHSA
HEHPAJIbHOH pEreHepaliy ¢ MPUMEHEHUEM YKA3aHHOU KOMITO3ULIUU

Bspocasie HCK

AB1_42 10 MxM ®ur. 2



MemaHTHUH AS703026

TpameTunuod

10 MxM

10 MxM

100 sM

3
Kommosumus, cioco0cTyromas Au(PepeHIHPOBKE U 3AIIUTE
HCPBHBIX CTBOJIOBBIX KJICTOK, H COCOO MHIY IHPOBAHHSA
HEHPAJIbHOH pEreHepaliy ¢ MPUMEHEHUEM YKA3aHHOU KOMITO3ULIUU

DMOpUOHATIbbIE
HCK

AP (10 MxM)

®wur. 3



4
Kommosumus, cioco0cTyromas Au(PepeHIHPOBKE U 3AIIUTE
HCPBHBIX CTBOJIOBBIX KJICTOK, H COCOO MHIY IHPOBAHHSA
HEHPAJIbHOH pEreHepaliy ¢ MPUMEHEHUEM YKA3aHHOU KOMITO3ULIUU

0,1 MmxM

25 uM
10 MmxM

10 eM

1,0 MxM

1agM

0,1 MmxM

TpameTHUO AS703026

®ur. 4



OtHocutenmpHas 3xcnpeccus MPHK
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5
Kommosumus, cioco0cTyromas Au(PepeHIHPOBKE U 3AIIUTE
HCPBHBIX CTBOJIOBBIX KJICTOK, H COCOO MHIY IHPOBAHHSA
HEHPAJIbHOH pEreHepaliy ¢ MPUMEHEHUEM YKA3aHHOU KOMITO3ULIUU
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OtHocutenmpHas 3xcnpeccus MPHK
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6
Kommosumus, cioco0cTyromas Au(PepeHIHPOBKE U 3AIIUTE
HCPBHBIX CTBOJIOBBIX KJICTOK, H COCOO MHIY IHPOBAHHSA
HEHPAJIbHOH pEreHepaliy ¢ MPUMEHEHUEM YKA3aHHOU KOMITO3ULIUU
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OrnocutenbHas >kcrpeccust MPHK
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7
Komnosumus, cnocodcreyromas nudhepeHIpOBKe U 3aIIUTE
HCPBHBIX CTBOJIOBBIX KJICTOK, H CH0006 HHAOYIHPOBAHHA
HeﬁpaﬂBHOﬁ peresepaiuil ¢ NPpUMEHEHHEM yKaBaHHOﬁ KOMITO3HIIHH
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OtHocutenbHas s3kcnpeccus MPHK

20

15

10

8
Kommosnims, criocodcteyromast 1udypepeHUMPOBKE M 3aILKTE
HOPBHBIX CTBO.IOBBIX KISTOK, H CIIOCO0 MHIYLIMPOBAHHS
HEHpaIbHOU pereHepaluu ¢ MPUMEHEHUEM YKa3aHHOM KOMIIO3 LMK
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9
Komnozuups, criocobetayromast gudpepeHIUPOBKE U 3aLTUTe
HCPBHBIX CTBOJIOBBIX KJICTOK, 1 croco6 HHIYTAPOBAHUA
HelpaIpHOU pereHepanuy ¢ MPUMEHEHUEM YKA3aHHOM KOMIIO3ULINI
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OtHocutenbHas sxcnpeccuss MPHK
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10
Kommosumus, cioco0cTyromas Au(PepeHIHPOBKE U 3AIIUTE
HCPBHBIX CTBOJIOBBIX KJICTOK, H COCOO MHIY IHPOBAHHSA
HEHPAJIbHOH pEreHepaliy ¢ MPUMEHEHUEM YKA3aHHOU KOMITO3ULIUU

Tuj1

o

H/I )| AS  Tpaverunnd
10vxM 10 sM

@®ur. 7a



11
Kommosumus, cioco0cTyromas Au(PepeHIHPOBKE U 3AIIUTE
HCPBHBIX CTBOJIOBBIX KJICTOK, H COCOO MHIY IHPOBAHHSA
HEHPAJIbHOH pEreHepaliy ¢ MPUMEHEHUEM YKA3aHHOU KOMITO3ULIUU
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12
Kommosuuus, ciocodereyromast qudpdepeHMpOBKe M 3aIHTeE
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