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IMonHOE U cBOEBpEeMEHHOE ylalleHHe alloNTOTUYECKUX KJIETOK U X (PparMeHTOB SIBJISIETCS KM3HEHHO BaX-
HBIM IS TTOIIE PXKaHUS TOMEOCTa3a BO BCEX TKaHSIX OpraHW3Ma B HOpMe U TP MaTOJIOTUYECKUX COCTOSTHUSIX.
ITockonbKy ynajgeHue almonTOTUYECKUX CyOCTPaTOB OCYILECTBISIETCS KJIeTKaMu, obJianaloluMu harouurap-
HOi1 aKTUBHOCTBIO, BOTIPOC O PETYJISILIMU ITOCIeNHEN MPEeICTaBIIsIeT 3HAUNTEIbHBIN MHTepec. B HacToseit pa-
00Te UCCIeNOBaAIM BIUSTHIE IBYX OMOJIOTMYEeCKU aKTUBHBIX MOJIEKYJI — MHCYJIMHA U TaHmiMo3una GM1 Ha da-
TOIIMTAPHYIO aKTUBHOCTb aCTPOIIMTOB MO3Ta KPBICHI B TIEpBUYHOM KyIbType. [TokazaHo, YTO MHKYOALIMST KJIe-
TOK ¢ 1 MKM UHCYJIMHOM MPUBOIWIIA K TOCTOBEPHOMY CHUXKEHUIO (paroliuTapHoOil aKTUBHOCTU aCTPOLIUTOB
(mo 58.5% x koHTpoM0), a ¢ 10 MKM ranrmmuosuagoM GM 1, HanmpoOTUB, BEI3bIBAJIA TTOBBIIIIEHUE (DaroUTapHOM
akTUBHOCTU KJI1eTOK (133.4% Kk koHTpo0). [IpenBapuresibHast MHKyOalMsl aCTPOLIUTOB MO3Ta C FaHIIMO3UI0M
GMI1 nonHocThIO 6JIOKMpOBajia MHTMOUTOPHLIN 3 dekT nHcyauHa. PesynbraThl poBeIeHHOTO UCCIeaoBa-
HUSI MOTYT OBITh MCIIOJIb30BaHbI IPU BHIPAOOTKE HOBBIX CTPATETHI JIeueHUsI HelipoaereHepaTUBHBIX 3a00Jie-

BaHHfI, COIMPOBOXIAIOIIMXCA ITOABJICHUEM CYGCTpaTOB aIIOIITOTUYECKOI'O TUIIA.

Karouegvie caoea: actpounTsl, arounTo3, MHCYJIMH, raHnmmmo3un GM 1

DOI: 10.31857/S0044452921050107

AnonTo3 SBISIETCS XXU3HEHHO BaXHBIM IIPOILIEC-
COM, KOTODBII peain3yeTcs BO BCeX TKaHSIX OpraHu3Ma
B HOpME U TTPU MATOJIOTUYECKUX COCTOSTHUSX [1]. ATo-
MITOTUYECKHE CyOCTpaThl, (GOPMUPYIOIINECS B PE3yiib-
TaTe HOPMaJIbHOIN XWU3HEAESITEIbHOCTU KJIETOK pas-
HBIX OPraHOB, HEMEJICHHO YIAJSIIOTCS crelubuye-
CKMMHU KJI€TKaMU, oOjagaloinuMu (GarouuTapHon
aKTUBHOCThIO. CBOEBPEMEHHOE U TIOJIHOE YaajeHue
anonTOTUYECKUX CyOCTpaTOB HEOOXOAWMO sl TIOM-
JiepKaHusl TKAaHEBOIO TOMeocTas3a, a TakxKe ISl TOro,
YTOObl MCKJIIOYUTh BO3HUKHOBEHME ayTOMMMYHHBIX
peakliivii BOTBEeT Ha BHYTPUKJIETOYHbIC aHTUTEHBI, BbI-
CBOOOXIAIONIMECS U3 MMOBPEXICHHBIX /WM alloNTO-
TUYEeCKNX KJIETOK [2].

MdarouuTo3 aroNnTOTUYECKUX CYyOCTPATOB SIBIISICTCS
KOMILJIEKCHBIM pelieNTOP-0II0CPEeAOBAaHHBIM MpPOLIEC-
COM, TIPU KOTOPOM KOOPAMHUPOBAHHOE B3aMMOJEI-
cTBUE crieIn(GUYECKUX PELeNITOPOB IIa3MaTUYECKOMI
MeMOpaHbI KIeTKN-(aromnuTa 3aIryckaeT CUTHaJIbHBIE
MEXaHU3MBI, 00eCIeYNBalOIIMe MONIONIEHUE U TalTh-
Helilee paclieryieHue CyocTpaToB JIM30COMaIbHBIM
armmapaToMm KJreTku [3]. TakuM o6pa3om, CBI3BIBaHUE,

TOIJIOIIEHWE W pacClleIUIEHUE SIBIS.TCSI OCHOBHBIMU
cranusMu ¢aroirMro3a, KOTopble B JajbHeuIeM OyayT
UMeHOBAaThcs 1-, 2- 1 3-i1 cTagUsIMU COOTBETCTBEHHO.
ITpu 5TOM peanu3zaiiysi OMHOM U3 3TUX CTAAU ITpolieC-
ca He BJIeUeT 3a co0oil aBTOMaTUUECKYIO pealn3aluio
MOCJIEIYIONIEH U3 HUX.

®arountapHas ¢pyukums B LIHC ocyiectBasieTcs
JBYMSI TUITAMU KJIETOK: MUKPOTIUAILHBIMUA U aCTPO-
NIMAJIbHBIMUA KJIeTKaMu. IlepBbhle M3 HUX SIBISIOTCS
KJIeTKaMM TeMaTOIIO3TUYECKOTO ITPOUCXOXICHUS U
OTHOCSTCSI K YHUCITY NPO(PeCCUOHANTLHBIX (arolUTOB,
TOTHA KaK BTOPEIC SIBJISIIOTCS HenpodeCcCuOHaTbHBIMU
daronntamu [4]. ACTpoINTHI — 3TO HanOOJIee MHOTO-
YHCJEHHbIE KIIETKA HEUPOITTUM, KOJTMYECTBO KOTOPBIX
npocturaer 40% ot o6leil monyJIsIluU KJIETOK ToJI0OB-
HOTO MO3Ta [5]. DTN KJIIETKM 00eCIeunBarOT YCIOBUS
IJIsl TeHepallMM W Tepedayd HEPBHBIX VMITYJILCOB,
CITOCOOCTBYS TOAAEPXKAHUIO U pealu3alliid CUHAIITH -
YeCcKOi (PYHKIIMM, YIACTBYIOT B (pOpMUPOBAHNY remMa-
TO3HIIe(aTUIECKOro Gapbepa, OCYILECTBISIOT OIOp-
HYI0, TPO(UYECKYIO, CEKPETOPHYIO U (haroluTapHyIO
¢GyHKIMKU. ACTPOLIMTHI KOHTPOJUPYIOT HE TOJIBKO 00-
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pa3zoBaHue U (yHKIIUM CUHATICOB, HO M UX YCTpaHEHUEe
B pa3BHBaIeMcs 1 3peiioM moare [6]. [Tpu matono-
TMYECKUX COCTOSTHUSIX PA3JIMUHON STUOJIOTUH (HENPO-
JleTeHepaTUBHbIE OOJIE3HU, UIlIEMUSsI, CTApEeHUE, TPaB-
MaTUYEeCKOoe W paJauallMOHHOE IMOBPEXIeHUE MO3Tra)
yIaJIeHUEe aroNTOTUYECKUX CyOCTpaToB U JAereHepa-
TUBHOTO MUEJIMHA acCTPOLIMTaMU MpruobdpeTaeT ocodboe
3HaueHwue [5].

Kak m3BecTHO Ha TEeKyIIU MOMEHT, parouuTap-
Hasl aKTUBHOCTb aCTPOILIUTOB OIOCPEAYETCSI IBYMSI pe-
LEeOTOPHBIMM OeJIKaMM IUIa3MaTUYECKO MeMOpaHHI:
MEGFI10 (Multiple EGF-Like Domains 10) u penen-
topHoii Tupo3nnkuHazoir MERTK (Mer proto-onco-
gene Tyrosine Kinase) [7]. beniku MEGF10 u MERTK
MPUHUMAIOT YYacTUe B yIaJeHUM CUHAIICOB, a TaKXkKe
MOBPEXIEHHBIX W/WIM alONTOTHYSCKUX HEHPOHOB,
oOpasylolnumxcs IIpU CTapeHUUW W/WIN I1aTOJOTrh4e-
ckux cocrosiHugax ITHC [5]. Kpome 3Toro, peuenrtopy
MERTK oTBomsT KiI0UeBYyIO pOJib B mpoliecce daro-
LATO3a MUEJIMHOBEIX 0OJIOMKOB, 00pa3yIOIIXCs B XO-
JIe €CTeCTBEHHBIX MPOLIECCOB OOHOBJICHUSI MHUEIMHA

[8].

B mipenBapuTeTbHBIX MCCACIOBAHUSIX HAIIeH J1a60-
paTopuu ObLI AETaJbHO M3y4YeH Tpoliecc (aronurosa
aroNTOTUYECKHX CYOCTPATOB Pa3IMIHOTO THIIA ACTPO-
IIUTaM1 MO3Ta KPBICHI B TIEPBUYHOMN KYJIbTYpe, N3yde-
Hbl KHHETUYECKUE XapaKTepUCTUKHU 3TOTO Mpoliecca U
IMoKa3aHo, 9TO (ParorTo3 alfoNTOTHIECKUX CyOCcTpa-
TOB TIPUBOIUT K YBEIMICHHIO TIpOIepaTUBHOM aK-
TUBHOCTHU aCTPOLIMTOB MO3ra.

Kaxk u3BectHO, mponudepalist acTpOrIny SIBJISIET-
¢S oTsIromaImuM (GakKToOpoM HpU pa3BUTUM IAaTOJIO-
rudyeckux coctossHuii IIHC, conpoBoxnaromxcs ae-
reHepaTUBHBIMU M3MEHEHUSIMU 1 TUOENIbI0 HEPBHBIX
KieTok. HakoruieHue acTpoLMTOB B MeCTax JIOKalb-
HOT'O TIOBPEXIEHUSI CITOCOOCTBYET Pa3BUTUIO acTPO-
INO03a, T.€. MPOLECCy 3aMEIIEHUSI MEPTBBIX HEMPOHOB
KJIETKAMHM acTponIuu. B ¢BsI3U ¢ 3TUMM JaHHBIMU BO-
MPOC O CIOcOo0ax ONTUMM3ALMU (haroluTapHOM akK-
TUBHOCTH aCTPOLIMTOB (KaK B CTOPOHY €€ YBEJINYSHMUSI,
TaK 1 B CTOPOHY €€ YMEHBIIICHUS) SIBJISICTCSI TIPUHIIM-
NMUAJIbHO BaXKHBIM JIJ1s1 BBIPAOOTKU CTpaTeruili KOoppek-
UM TIaTOJOTMYECKOTO IIpoliecca B 3aBUCHUMOCTU OT
CTaguu €ro Pa3BUTHUSL.

B Hameii 1abopaTopuu B TeYEHUE MOCIEIHUX JIET
HWCCIIECIYIOTCS HEUPOIIPOTEKTOPHBIE (P @PEKTH psma
OPUPOOHBIX OMOMOJIEKY/, a UMEHHO TaHIJIMO3UIOB U
WHCYJIMHA TTPU OKUCJIUTETBHOM CTPECCe U psife Hebia-
TOTIPUSTHBIX BO3AECHCTBUIA HA OPTaHU3M in VIVO U in Vi-
tro [9]. TlockosibKy ymajieHue amonTOTUYEeCKUX cyO-
CTpaToB SIBJISIETCS KW3HEHHO BaXXHBIM (haKTOpOM,
pausomuM Ha BeikuBaHue LIHC B HeGmarompusiTHBIX
YCIIOBUSIX, MPEICTAB/ISUIOCh 3HAYMMBIM BBISICHEHNE
BOIIPOCa O BO3MOXHOCTH 3TUX COEMMHEHU peTyInpo-
BaTh (parouTapHyIo (YHKIIAIO aCTPOIIMTOB.
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laHmmMoO3MAbl — CIOXHBIE IJTMKOCHOUHIOIUITAIBI
KJIETOYHBIX MeMOpaH — SIBJSIOTCS HEOThEeMJIEMBIM
KOMITOHEHTOM MO3ra, IIpu 3TOM B Hallleil jaboparto-
puM MOKa3aHO, YTO y MJIEKOITMTAIOIINX MX OTHOCHU-
TeJIbHOE KOJWYECTBO AOCTUTAeT 2.5 MI Ha 1 T TKaHU
mo3zra (GM1) [10]. I1pu 3ToM U3BECTHO, YTO IIPU JIeTe-
HepaTUBHBIX ¥ TPAaBMaTUIECKUX ITOBPEXICHUSIX MO3ra
MIPOMCXOAUT BEICBOOOXAeHUE TraHrinoduma GMI1 B
MEXKJIETOUYHOE MPOCTPAHCTBO, YTO ITO3BOJISIET I0JIa-
raThb BO3MOXHOCTD €I0 B3aMOICICTBUSI C pa3IMIHbI-
MU KJI€TKaMUd Mo3Ta, BKJIodasi acTpouuThl. Kpome
3TOro, B Hallei 1abopaTopuu OBIJIO YCTAHOBJICHO, YTO
ranmo3un GM1 BbI3bIBaeT MHOTOKpPaTHYIO aKTHUBa-
uio (paroUTapHOIt aKTMBHOCTH PO(PECCUOHATIBHBIX
daronutoB Makpodaros [11].

Mo3r SBIsSIeTCSI MHCYJINH-3aBUCUMBIM OPTaHOM, U
pa3auYHbIE CTOCOOBI BBEIEHUSI MHCYJIMHA (MHTpale-
peOPOBEHTPUKYISIPHOE, WHTpaHA3aJIbHOE, CHUCTEeM-
HO€) CIOCOOCTBYIOT M3MEHEHUIO ITUIIEBOrO ITOBEIC-
HUSI U CHUKEHUIO BEca y 9KCIIEPUMEHTAIbHBIX XKUBOT -
HBIX M dYenoBeka [12]. Pememropel wHCyImHA
BBISIBJIEHBI KaK Ha HEMPOHAIBHBIX, TaK M Ha INIMAJIb-
HBIX KJIETKax Mo3ra, BKJwodas actpouuTsl [13, 14].
ACTpOLIMTHL SBISIOTCS AKTUBHBIMM KOMIIOHEHTaMM,
BOBJICYEHHBIMHU B MeTa0onmm3M nHceymHa B ILTHC. IIpu
3TOM aCTPOLIUTHI HE TOJIBKO 3KCIIPECCUPYIOT PELIETITOD
WHCYINHA U WHCYJIMH-JIerpagupyomnii ¢pepmenrt [13,
15], HO 1 caMU SIBJISIFOTCSI UHCYJIMH-CEKPETUPYIOLLIMUA
KJIeTKaM¥ Mo3ra [ 16], 4To ykasbIBaeT Ha BaXKHOCTh UH-
CYJIMHOBOTO CUTHAJIMHTA IS 00eCIeYeHMsI HOPMaJIb-
HOTro (DYHKIIMOHUPOBAHMS 3TUX KIIETOK.

B To Xe BpeMs B JOCTYITHOM IUTepaType Mbl He 00-
HapyXWiIn JaHHBIX O BAMSHUM UHCYJIMHA Ha (parouu-
TapHYIO aKTUBHOCTb acTPOLIMTOB Mo3ra. OTCyTCTBYeT
Takxe MHpopMalusi O BO3SMOXHOM MOIYJUPYIOLIEM
addexre raHmmo3naoB. [ToaToMy 11€J1bI0 HACTOSIIIETO
WCCJIENOBAHUS SIBUJIOCH BBISICHEHHE BOIIPOCA O TOM,
KakK BIUSIIOT MHCYJIMH 1 raHmno3ua GM1 Ha garoum-
TapHYI0 aKTMBHOCTb aCTPOIIMTOB MO3Ta B KYJbType
KJTETOK.

MATEPHAJIBI U METObl MCCITEAOBAHU:A
Ilepsuunas kyabmypa acmpoenuu

HccnepoBaHust IIpOBOAWIN Ha IIEPBUYHON KYJIBTY-
p€ KJIETOK acTPOIINM, KOTOPYIO BBIAEISUIA M3 MO3ra
HOBOPOXJIEHHBIX KpBIC TT0 MeTony [17]. KiieTku Kyib-
tuBupoBanu B cpene DMEM (buonor, Poccus), co-
nepxameit 10% WHaKTUBUPOBAHHOU (DeTabHOM ChI-
BopoTKH TejieHKa (buosot, Poccust) 1 aHTUOMOTHKI
(meamumwmH G 50 Eo/mMn m cTpenTOMMIIAH
50 mxr/mn, buonor Poccust) Ha wamkax Iletpu
(3.5 cM, Orange scientific), B TeueHune 7—9 mHeit npu
37°C u 5% CO, no noctuxeHust 75% KOHMIIOEHTHO-
cti. O XM3HECITOCOOHOCTHU KJIETOK CYIWJIM MO OKpa-
mmBaHuio Trypan Blue (buonot, Poccust), cnocooHo-
Ne 5
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MY IPOHUKATh Yepe3 MOBPEXIEHHbIE KIIETOUHbIE MEM-
OpaHHI.

Modenb undyyuposannoeo gpacoyumosa

B xauecTBe amomnroTudeckoro cyocrpara garomu-
TO3a WCIIOJb30BaJIM (hpaKILIMIO HAPY>KHBIX CETMEHTOB
najgouek (HCII) ceryaTku KpbBICHI, KOTOPYIO BBIAEISI-
1 110 MmogudumpoBaHHoMy MeTony [18]. Konnblora-
nuto npenaparos HCII ¢ ¢ayopecuenH-u3oTuOLMA-
HatoM (FITC, Merck, I'epmaHust) oCcyliecTBIsLIn, Kak
paHee Hamu ObUTIO onmcaHo [18]. KiteTku mpombIBanu
docdatHO-coseBbIM pacTBopoM, pH 7.4 (PBS), mocne
yero MHKyoupoBanmu B cpene DMEM, conepxaimeit
2% WHAKTUBUPOBAHHOI (DeTaTbHOM CHIBOPOTKHU Te-
JIEHKa U 100aBJIsSIU cyOCcTpaThl (harolMro3a B COOTHO-
meHuun 1:10 (kyeTka/cyocTpar ¢arouuTosa; IMoacyeT
kireTok u ¢pparmeHToB HCII npoBoauan ¢ uCIosb30-
BaHueM Kamepbl dykca—Po3eHTans).

Obpabomka Kaemok MOOYASIMopamu hazoyumapHoil
aKmugHoCmu

Ilpu aHanm3e BAUSHUS WHCYJIMHA Ha TIpoliecc ¢a-
TrOLIMTO3a KJIIETKM MHKYOMpOBaiM ¢ 1 MKM MHCYJIMHA
(Sigma) B TeueHue 1 4, mocje 4yero 100aBJISIIU KOHb-
torat FITC-HCII. I1pu nccnemoBanuy BIUSHUS TaH-
mmo3uga GM1 Ha mpoiecc darounTo3a KIeTKA WH-
KyoupoBaiu B TeueHue 24 4 ¢ nipenaparom GM1 B Ko-
HeuyHoM KoHueHTpanuu 0.1 MxMm, 1 Mkm u 10 MKM,
nocyie yero nooasisiiu kKoHborat FITC-HCII. Tau-
mmo3ua GM1 BeIACISIN U3 MOJYYEHHOTO 10 METOIY
®Dosmua [19] sKcTpakTa JUITUAOB MO3Ta ObIKa KaK 3TO
onucaHo paHee [20].

I1pu nccaemoBaHMKM COBMECTHOIO IECTBUS MHCY-
JuHa U ranmmosuaa GM1 KieTKu MHKYOUpOBaIu B
TeyeHue 24 4 ¢ npenapatoM GM1 B KOHEUYHOIT KOH-
neuTpaumu 0.1 MxM, 1 MKkM 1 10 MKM, TIOCJIE YETO JI0-
0aBJISLIM UHCYJIMH B KOHLEHTpauUuu 1 MKM U BbIAEP-
KUBaIU KJIeTKM B TedyeHue 1 yaca. Jayee nobasisuin
konsbrorat FITC-HCII.

Ananuz gpacoyumapnoii akmueHocmu

ITocie okonuanmsa muakyoauuu ¢ HCIT m3nmmknm
cybcTpaTa OTMBIBaIM oxJ1axneHHbBIM PBS 1 mpoBomu-
JM (pUKCaALNIO KJIETOK B TedyeHue 3—5 MuH B 4% pac-
TBOpe mnapadopMaibieruia, IPUTOTOBJIEHHOTO Ha
PBS. Ilocne nmpoMBIBKH IperapaTtoB pactBopoM PBS
npoBoaun okpacky staep 0.001% pactBopom Hoechst
33258/PBS (Serva, I'epmanwus). Pe3ynbraThl OITBITOB
OLIEHMBAJIM C TMOMOUIBIO (PIYyOPEeCLeHTHOIO MUKPO-
ckona Zeiss Imager.Al, Axio (I'epmMaHus1), ocHallleH-
Horo mndpoBoit kamepoit AxioCamMRc (Zeiss, T'ep-
MmaHus). Jlaa oueHku aroumTapHOil aKTUBHOCTHU
NpUMEHSUIM TporpaMMHoe obOecnieueHue Imagel
(NIH, CIA); npu 5TOM IIPOMU3BOIMIIN OACYET KOJIH-
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COKOJIOBA wu np.

YeCcTBa sAep KJIEeTOK (CMHEee OKpalllMBaHUEe) 1 OTHOCHU-
TEJIbHYIO IUIOLIAAb, 3aHMMaeMylo cyocTpaTtoM ¢aro-
ouTo3a (3ejeHoe okpaiumBaHue). O ¢darouurapHoit
aKTUBHOCTU KJIETOK CYIWJIM Ha OCHOBAaHMU OLIEHKM
addekTuBHOCTU peanusanuu 1-ii u 2-it ctaguii paro-
nuTo3a. KoanyecTBEHHYIO OIIEHKY Mpoliecca pacro-
3HABaHUSI M CBS3BIBAaHMS CyOCTpaTa C aCTpOLMTOM
(1-s cTagus darouuTo3a) OCYIIECTBISUIN B YCIOBHBIX
eAWHUIIAaX, PACCUMThIBASI OTHOIIICHUE TUTOIAnu (hIyo-
pPECIIEHTHOTO CyOCcTpaTa K KOJIWYECTBY SIIEp B IIpena-
pate. MopdoorniyecKuM KpUTepueM IjIsl OLeHKU M0~
IJIOIIEHMSI CyOCcTpaTa acTpolMTamMu (2-s1 ctaaus ¢paro-
ATO3a) CIYXWJIO Halmuve (hJIyOpeCLEHTHOM METKH
FITC B nepuHykjieapHoii 006;1aCTU KJIETKU, TAe peaan-
3yeTcs B3aHMMOJEHCTBUE OKpaIlleHHBIX KpacuTeaeM
¢parmenToB HCII ¢ tm3ocomamu (paccuuThIBaIN OT-
HOIIIEHUE YKCJia KISTOK C (PIIyOpeCIeHTHBIM cyOCcTpa-
TOM B IIEpUHYKJIeapHOI 001aCTH K KOJIMYECTBY KJIETOK
B nperapare). st Komn4ecTBEHHOTO aHa/IM3a KJIETKU
doTorpadupoBaan; IpU 3TOM JISI KaxKIOil TOYKHU B
9KCHEPUMEHTE UCIOIb30BAIN 2 TapaslieIbHbIX CTeK-
na. Ha xaxxgom crtexie mpoBommian (GoToDUKCAIINIO
15 cnygyailHO BBIOpaHHBIX IIOJEH, coAepxXKallux OO
1500 kneTok. Becero ObLIO MpOBEAEHO 3 HE3aBUCUMBIX
skcnepuMeHTa. CTaTUCTUYECKYIO 00pabOTKY pe3yiib-
TaTOB OCYIIECTBJISIX HA OCHOBAaHUY OJHO(MaKTOPHOTO
nucriepcuoHHoro aHanus3a (ANOVA), nipuMeHsis TecT
IIJIST MHOXECTBEHHBIX cpaBHeHU boHdeppoHM u uc-
nmosib3ysl nporpammy GraphPad Prism (San Diego,
CIIA). JanHble npeacTaBieHbl B BUIe CPEIHEro 3HA-
yeHus * ommbka cpengHero (M=SEM).

PE3YJIBTATbI MCCIIEAOBAHUA

Hukyoauus c eaneauosudom GM1 npueodum
K 603pacmanuio pazouumapHoi aKkmueHocmu
acmpoyumos mosed Kpblcbl @ NepeUtHoLl Kyavmype

B nepBoii cepun OmNMbBITOB HaMM ObLIa TpoBeacHA
OlleHKa (harouuTapHoil aKTMBHOCTM acCTPOILIMTOB B
npucyrcTBum ranmmmos3uga GM1. B kagectBe cyocTpa-
Ta ¢parolyTo3a Mbl ucnoab3oBaiau mnpemnapatsl HCIT
KPBICBI, KOTOPBIE SIBJISIIOTCS CyOCTpaTOM aronTOTUYE-
ckoro tuna [21]. B mpensiaynimx ucciie1oBaHUSIX HAMU
ObL10 MMokKazaHo, uto Tipernapatbl HCII addexkTuBHO
pacrno3HaloTcs U MOMIOLIAIOTCS acTPOLIMTaMU MO3ra
Kkpbichl. [Ipy a3TOM KuHeTHUYeCKUE MapaMeTpbl daro-
uuto3a HCII conocTaBUMBI C TaKOBBIMU, XapaKTep-
HBbIMM JJIs1 3aXBaTa U TONJIOIIEHUS alONTOTUYECKUX
HelipoHOB. Pe3ynbTaThl ONBITOB MPUBEAEHBI Ha puc. 1
n B Tao6x. 1. Kak cienmyeTt u3 gjaHHBIX puc. la, 1a', BKOH-
TPOJBHBIX MP0o0ax (hIyopeclieHTHBINA CUTHAJ TTPUCYT-
CTBOBaJl Kak Ha mepudepun KJIeTOK, TaK U B MEpU-
HyKJIeapHOU 00JIaCTU, UTO CBUIAETEIbCTBYET O pealu-
3alliM Kak 1-i1, Tak u 2-1 ctanuu paronmnrosa.

Ha puc. 1b, b' u B Tabi. 2 mpuBeAcHEI pe3yJIbTaThl
OMBITOB MO OLIEHKE (harolMTapHO aKTUBHOCTU acT-
POLIMTOB MO3ra KPbIChl B MPUCYTCTBUM TaHIJIMO3MIA
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15 um
| il

Puc. 1. @aronurapHasi akTUBHOCTb aCTPOIIUTOB MO3Ta KPBICHI B IEPBUYHOM KyJIbType P Pa3IMYHbBIX YCIOBUSIX MHKYOAIIUN C UH-
CyJIMHOM M/wiu ranruo3unoM GMI. (a, a') — KOHTpOJIbHbBIC TIpenapaThl aCTPOLIMTOB MO3ra MOC/Ie MHKYOalluu ¢ KOHbIOraTOM
HCII-FITC B TeueHue 3 4. (a') MOJyYeH C MOMOILbIO HACIIOEHUS Ha MaHeJb (a) CHUMKA KJIETOK B IIPOXOISILEM CBETe ISl BU3ya-
JM3anuu ux KkoHrypa. (b, b') — mpermapaTbl aCTpOIIUTOB MO3Ta, MPOIIEAIINe TTPeABAPUTEIIbHYIO 24-9acoByr0 MHKyOa1uio ¢ 10 MKm
ranmmosuaa GM 1, u nanee nporHKyoupoBaHHbIX ¢ KOHbloratoM HCII- FITC B TeueHue 3-x yacos. (b') moJiydeH ¢ HOMOIIbIO Ha-
clloeHus Ha naHesb (b) CHUMKA KJIETOK B IIPOXOMSIIEM CBeTe IS BU3yalIn3alluid UX KOHTYypa. (¢, ¢') — mpenaparbsl aCTPOLIUTOB
MO3ra KpbIChl, IMOABEPTHYTHIX MpeABapuUTeNbHON 1-yacoBoit MHKyO6auuu ¢ 1 MKM MHCyIMHA, U Jajee MPOUHKYOMPOBAHHBIX C
koHbtoratom HCIT-FITC B Teuenue 3 4. (¢') MOJy4eH ¢ MOMOILbIO HACJOSHMS Ha TTaHeb (C) CHUMKA KJIETOK B [IPOXOISIIIEM CBETE
TS BU3yaIM3aluu ux KoHtypa. (d, d') — rmpemnaparsl aCTPOLUTOB MO3Ta KPBICHI, TOABEPIHYTHIX IIPEIBAPUTEIbHOM 24-4aCOBOM NH-
ky6auuu ¢ 10 MkM ranmuosuna GM|1, nanee npouHKyOUpOBaHHBIX B TeueHue 1 4 ¢ 1 MKM MHCyJMHA, 1OCjIe Yero MpouHKyou-
poBaHHbIX ¢ KoHbloraToM HCII-FITC B reuenue 3 4. (d') mojydeH ¢ MOMOILbIO HAaCIOEHUST Ha TaHesb (d) CHUMKa KJIETOK B IPO-
XOIISIILIEM CBeTe ISl BU3yallU3alluy MX KOHTypa. Ha Bcex prcyHKax cTpejikaMi OTMEeUeHbI CyOCTpaThl B IEPUHYKIIEapHO 001aCTH
(2 cranust (parounTosa), a 3Be30YKaMU OTMEUYEHBI CyOCTpaThl, CBS3aHHbIE C IJIa3MaTUYecKoil MemopaHoii (1 cranust parouuto-

3a).

GMI1. Mpl npoaHalu3upoOBAIN 3(PGHEKT pa3IUNIHBIX
KoHIlleHTpannii ranmmmosnaa GM1 B npenemax ot 0.1
nmo 10 mxm. M3 ipuBeneHHBIX JaHHBIX CJIEAyeT, YTO B
pesyJibTaTe UHKYOalluu acCTPOLUTOB C TAHIIMO3UIOM
GM1 obmee KonmuecTBO (IIyopeCLIEHTHOIO cyocTpa-
Ta JOCTOBEPHO BO3pacTaeT Mo CPaBHEHUIO C KOHTPO-
nem npu KoHueHTpauuu GMI1 or 1 mo 10 MKm
(tabi. 1). KonnyecTBeHHasT olieHKA 4YucClia acTPOLU-
TOB, coliepxXallnx (JIyOpeCeHTHBIN CyocTpaT B TIepU-
HyKJIeapHO#I 00ylacTH, TakXKe BBISIBUJIA TOCTOBEPHOE
YBEJIMYECHUE II0 CpaBHEHMIO ¢ KOHTpojeMm (19.2 + 2.7
n 19.5+ 2.4 porus 14.6 £ 1.5, i 131.5% u 133.6% ot
KOHTPOJISI COOTBETCTBEHHO), (puc. 1b, b', Tadm. 2). Ot
JIaHHbIC CBUAETEILCTBYIOT O TOM, UTO BO3ACHCTBUE
ranrmuosuga GM1 cTuMynpyeT Kak IMpoLEecC CBSI3hI-
BaHus (1-s ctagmsa ¢paronuTo3a), Tak U MpoIEecc I0-
IIOLIEHUsI cyOcTpaTa acTpOoLUTOM (2-s cTtagus daro-
1IATO3a).

KYPHAJ 3BOJIIOLIMOHHON BUOXUMUU U GHU3NOJIOTUU

Hukybayus c uHcyaunom npusooum K CHUNCEHUIO
dacoyumaproii akMmuUeHOCMU AcMpoyUmMos Mo3ed Kpbicbl
8 Nepeu1HOLL Kyavbmype

B pesynbrate MHKyOallMU acTPOLIMTOB C WHCYJU-
HOM 00l1lee KOJIUYeCTBO (hIyopeClieHTHON METKU J0-
CTOBEPHO HE OTJIMYAJIOCh OT TAKOBOM, XapaKTepHOM
st KoHTpouns (puc. lc, ¢', Tabiu. 1, ta6n. 2). OgHako
KOJIMYeCTBO (hJIyOPECLIEHTHON METKU B TIEpUHYKJIeap-
HOIM 00JIaCTU KJIETOK, MPOIIEAIINX TTPEAMHKYOAIINIO C
WHCYJIUHOM, OBbLIO JOCTOBEPHO CHIKEHO (10 58.5% ot
KOHTpOJIs), YTO CBUIETEJbCTBYET O 3aMENJIEHUN pea-
Ju3auum 2-i craguu ¢aronurosa (puc. 1, Tadmi. 2).
HeicTBUTENbHO, (hJIyOPECLIEHTHBIN CyOCTpaT Mperumy-
IIIECTBEHHO ObLT JIOKAJIM30BaH Ha Mepudepun acTpo-
IIUTOB, B aCCOLIMAIIUU C TIJIa3MaTUYECKO MeMOpaHoit
KkJietok. Takum o6pa3oM, B OTHOIIIEHUU HeTipodeccu-
OHaJIbHBIX (PArolMTOB MO3ra UHCYJIUH SIBUJICS MOIII-
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COKOJIOBA wu np.

Ta6mmma 1. OueHka apdekTuBHOCTH 1-if cTaguu (haroirrosa (CBA3bIBaHUE CyOCTpaTa) aCTPOIIMTAMU MO3Ta KPBICHI B TIEp-
BUYHOM KYJIbTYpe MPU Pa3IUYHBIX YCIOBUSIX MHKYOAIIMU KJIETOK C MHCYJIMHOM U raHmiro3uaoM GM 1

[Tpoba

KOHTpPOJIb
Hucynun 1 MxM

GM1 0.1 MmxM

GM1 1 MmxkM

GM1 10 MmxM

GM1 0.1 MKM + uHcynuH 1 MKM
GMI1 1 MkM + unHcynuH 1 MKM
GM1 10 MxM + mHcynuH 1 MKM

BddexkTuBHOCTD 1-ii cTrannu parouurosa % K KOHTPOITIO
(B YCJIOBHBIX €TMHUIIAX)

198.2 £ 18.4 100

207.4 +25.6 104.7
242.4 +33.9 122.3
334.3£49.4 (*) 168.7
328.8 = 34.7 (*) 165.9
234.3 £30.2 118.3
327.0 £ 53.6 (*) 165.0
339.9 £51.4 (*) 171.6

HpI/IMe‘IaHI/Iei 3(1)¢)CKTI/IBHOCTI) 1 ctagumn (1)aI‘OI_II/IT03a BbIpa’k€Ha B YCIIOBHBIX €AMHUIIAX; METOAMKA pacyeTa IIPpMUBECIACHA B pa3aciic Mare-

pyabl 1 METOIBI.
(*) — pa3nuuus noctoBepHsI pu p < 0.05

Ta6muua 2. OueHka 3¢ GEeKTUBHOCTHU 2-ii cTaauu parouuTo3a (MOIJIoIIeHUs CyocTpaTa) aCTpOLIMTaAMU MO3Ta KPbICHI B ITep-
BUYHOI KyJIbTyp€e MPU Pa3IUUYHBIX YCIOBUSIX MHKYOALMU KJIETOK C MHCYJIMHOM M raHruosuaom GM1.

[Tpoba

KOHTPOJIb
UHCYIMH 1| MKM

GM1 0.1 MmxM

GM1 1 MM

GM1 10 MmxM

GM1 0.1 MkM + uHcynuH 1 MKM
GMI1 1 MkM + unHcynuH 1 MKM
GM1 10 MxM + mHcynuH 1 MKM

Db deKTUBHOCTD 2-11 cTangnu harolnuTo3a % K KOHTPOJTIO
14.7 £ 1.5 100
8.6 £ 1.2 (**) 58.5
126 £ 1.8 86.2
19.2 £ 2.7 (**) 131.1
19.5 + 2.4(**) 133.4
13.8£2.0 93.9
154+ 1.7 105.1
26.6 + 2.4 (**) 181.3

IMpumeuaHue: 3a 3¢ GHEKTUBHOCTD 2 CTaauM (paronTo3a MpUHUMAIN OTHOCUTEIbHOE KOJIMYECTBO KJIETOK, COAEpPKAIIMX KOHBIOTaT
HCII-FITC B nmepuHyKJeapHoii 061acT/ K 00IIeMy KOJIUYECTBY KJIETOK B Ipenapare (%).

(**) - paznuuust foctoBepHbI npu p < 0.01

HbIM I/IHI‘I/I6I/ITOpOM (I)aFOL[I/ITapHOﬁ AKTMBHOCTU OTUX
KJIETOK.

IMockonbKy B Halllei 1abopaTOpUU MPOBOISITCS pa-
OOTBHI TIO M3YYECHUIO KOMOWHMPOBAHHOIO IEUCTBUS
WHCcynnHA U TaHmmmo3una GMI1, B ciaenyomieit cepun
OIBITOB Mbl U3YUYUJI BOMIPOC O COBMECTHOM BIIUSTHUU
STUX MPUPOIHBIX OMOJOTMYECKN aKTUBHBIX MOJICKYII
Ha parolMTapHy10 aKTUBHOCTb aCTPOIIMTOB.

CoemecmHuas uHKybayus acmpoyumos mMo3ea Kpboicbl
¢ eaneauozudom GM 1 u uncyasunom ygeauuusaem
gacoyumapHyo aKMUBHOCMb KAEMOK

Ha puc. 1d, d' mpuBeneHBI pe3yabTaThl TUIIMYHOTO
OIbITa, U3 KOTOPOTO CJEeAyeT, UTO MPUMEHEHHUE TaH-
rmmo3nga GMI1 nmpuBOIMT K pe3KOMY BO3pacTaHUIO

KYPHAJI DBOJIOLIMOHHON BUOXUMUU U ®U3UOJIOTUU

¢IryopecLieHTHOIO CUTHaja B Ipobax. [lelicTBUTENb-
HO, IIpM KOHILEHTpauusgx ranommosuga GM1 1 u
10 MKM IOCTOBEPHO BO3pacTajo HE TOJBbKO KOJUYe-
CTBO CBSI3aHHOTO cyOcTpara (TadJji. 1), HO TakKe U KO-
JIMYECTBO ITOIJIOIIEHHOIO CyOCcTpaTa, JIOKaJu30BaHHO -
ro B IIepUHYKJIeapHOIi o0jlacTy acTpouuToB (puc. 1d,
Taba. 2). Pacuer (paroumrapHoOii aKTUBHOCTH IT0Ka3al,
YTO COBMECTHASI MHKYOAIIMsI aCTPOLIMTOB C TAHIIIMO3H~
noM GM1 61okupyeT MHrMOUpYOIIUi 3hheKT nHCY-
JMHA Ha (arouuTapHyl0 akKTUBHOCTb KJieToK. [lpu
3TOM TpHM KoHOeHTpauumn GM1 1 MKM MHTHOMpPYIO-
muit 3p¢peKT MHCYINMHA HE MPOSIBISIICSI, a COOTBET-
CTBYyIOIIIee 3HaUYeHIE KOJIMYECTBA MOMIOIIEHHOTO Cy0-
cTpaTa JOCTUTAJIO 3HAYEHU, XapaKTepHbBIX IJIs KOH-
TPOJbHBIX 00pa3ioB (15.4 £ 1.78 npotus 14.6 £ 1.5).
IIpumeuarenpHOo, YTO TpM KoHUeHTpaumm GMI1
2021
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10 MKM KOJIMYECTBO IIOIIOLIEHHOTO cyOcTpara (2-s
crangus (GarouuTo3a) aCTpOLUMTAMU MO3Ta IBYKPATHO
MPEBBIIIAIO KOHTPOJILHEIE 3HaUYeHU (26.6 £ 2.4 ripo-
TuB 14.6 + 1.5).

OBCYXIEHHNE

CormacHO TOCIeIHUM JaHHBIM Halleil JabopaTo-
pYU IIPpU SKCIEPUMEHTAIBHON UILIEMUU Y KPBIC i1 Vivo
COBMECTHOE BBeJICHUE MHCYJIMHA 1 ranrino3nga GM 1
NAaBAJI0 ONHOHAIPABJIEHHBIA HEUPOIPOTEKTOPHBIN
3¢ deKT. DTN TaHHBIE XOPOIIIO COINIACYIOTCSI C PE3YIIb-
TaTaMM HACTOSIIErO UCCIIEO0BAHUS i Vitro, TIPpU KOTO-
pOM COBMECTHOE NEWCTBUE STUX OMOJOTUYECKU aK-
TUBHBIX KOMIIOHEHTOB TIPEBBIIIATIO CTUMYJIUPYIOIIAA
addexT ranmumo3nga GM1 Ha parouTapHyrO aKTUB-
HOCTb aCTPOIIUTOB.

CornacHo JaHHBIM, TIOJIy4€eHHBIM B HACTOsIIIIE pa-
6ore, ranrmuo3un GM1 B koHueHTpauuu 1 1 10 MKm
o0Jy1aaeT XOpoIIo BEIPAKEHHOM CITIOCOOHOCTHIO OO0 -
CTOBEPHO YyBeJIMWYMBaATh (paroluTapHyl0 akKTHUB-
HOCTb aCTPOLIMTOB MPU UCTIOJIb30BAHUM B KaueCTBE
ammonroruvyeckoro cyocrpara HCII ceTuatku Kpbic.
ITpu aTom GM1 yBennuuBan 3¢pGEeKTUBHOCTh KakK
1-it, Tak u 2-i cTaguu ¢darouuTo3a (CBSI3bIBaHUE U
MOMJIOIIEHNE, COOTBETCTBEHHO). Takoro pona agdek-
Tl TaHmmo3uga GMI1 T1okazaHbl HaMM BIIEpBEIC.
IIpuMeuaTtenbHo, 4To raHDiuo3un GMI1 gsiasercs
HauOoJiee CTAOMIBLHBIM U3 4-X OCHOBHBIX TAHTJIMO3M-
JIOB MO3ra, KOTopble 001anarT CXOOAHBIM HEHpomnpo-
TEKTOPHBIM JIEMCTBUEM M, KaK IIPaBUJIO, CXOMTHOM
(YHKIMOHAIBHOM aKTUBHOCTEIO [22]. [ToaTOMYy MOX-
HO MoJjiarath, YTO0 OCHOBHBIE TaHIJIMO3UIBI MO3Ta, MO-
BUIUMOMY, 00JIaJlaloT CIIOCOOHOCTBIO aKTUBUPOBATh
mnpoiecchl (harolnTo3a KjieTKaMy acCTPOIJIMU, YTO I10-
Ka3aHo Hamu Ha npumepe GM 1.

BriepBhie ycTaHOBIIEHHAasE HAMM CIIOCOOHOCTH T'aH-
IJIMO3WA0B aKTUBHUPOBATh IIPOLIECCHI (harolimTo3a aro-
MNTOTUYECKUX CYyOCTpATOB acTPOLIMTAMU MO3ra MOXET
OBITH OYE€Hb LIEHHOM IJIs BEIpAaOOTKM HOBBIX CTpAaTEr Uit
JIYeHUST Pa3IUIHBbIX ITaTOJOTMYECKUX COCTOSHUMA,
CBSI3aHHBIX C pa3pyllieHeM HEMPOHOB, 1, BO3MOXHO,
Ipyrux Kietok mosra. Paspymrenme kietok B ITHC
XapaKTepHO I UIIEeMHYECKUX, TPaBMAaTUUECKUX U
JIpYyTUX MOpaxkKeHuit Mo3ra, B TOM YuCJIie U JJIsT Helpo-
JIereHepaTUBHBIX 3a0ojeBaHuil. M3BeCTHO, YTO IIpuU
pa3pylieHUM HEMPOHOB MO3ra B MEXKJIETOYHOE IIPO-
CTPaHCTBO BBICBOOOXIAIOTCSI TAHIIMO3UIbI, COIepKa-
HUE KOTOPBIX B MO3TY SIBIISIETCS 3HAa4YMTEIbHBIM [10].
Panee Hamm OBIIO YCTAaHOBIIEHO, YTO BEIISCTBA U3 Pa3-
PYIIEHHBIX KJIETOK MO3ra IIepBOHAaYajbHO HaKaIlJInBa-
IOTCSI B COCYIMCTOM CIUIETEHMH, a Aajiee IMTOCTEIEeHHO
U3 Hee BBIBOISITCS Yepe3 CIIMHHOMO3TOBYIO KUIKOCTb.
JeiicTBUTENBLHO, OKAa3aHO, YTO Y AeTeil C MEeHUHTO3H-
HedaautamMu (McclIeqoBaHUsI post-mortem) coaepKa-
HUE TaHIJIMO3UIOB B COCYOHWCTOM CIUIETEHUM MO3ra
BBIIIE, YeM B TKaHU Mo3ra [23]. Takum obGpa3om, eciu
IpU pa3pylIeHUM HEMPOHOB M IPYIMX KJIETOK MO3ra
coliepXaHWe TaHIJIMO3UI0B B CIIMHHOMO3TOBOM KU~
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KOCTH CYIIIECTBEHHO BO3PACTAET, TO OHU MOTJIM ObI aK-
TUBUPOBATH IPOLIECCHI (harolMTo3a amONTOTUYECKUX
HEilpOHOB acTpOLIMTAMM MO3Ta, OKa3hIBast, TAKUM 00-
pazoM, HeHpOMPOTEKTOPHLBIN 3(PPeKT Ha KU3HECHO-
COOHBIC HEMPOHBI MO3Ta.

XOTs K HACTOSIIIIEMY BPEMEHM MEXaHU3M JCUCTBUS
GM1 Ha darouutapHyi0 aKTHUBHOCTh aCTPOLIUTOB
MoO3ra HeSICEH, IIPEeACTABIISIIOT OCOOBIA MHTEpPEC OaH-
HbIE O BJIMSIHUM FAaHTJIMO3UIO0B HA PELIETITOPHBIE TUPO-
3MHKMHA3bl, K YMCJIy KOTOPBIX TaKXKe OTHOCUTCS (pa-
rountapablii perientop MERTK. Kpome Toro, m3-
BECTHO, UYTO TaHMJIMO3UIBI MOTYT TMPOSIBISITH CBOE
JIeJiCTBUE Yyepe3 TUPO3MHKMHA3HBI Trk-A peuemnTop,
aktnBupyd 1pu 31oM PI3K-Akt1-mTOR cursanbHBIH
myTh [24, 25]. Kak uzBectHo, aktuBaius mIT'OR npu-
BOOUT K MHrHOupoBanuio ayrodarnu [26]. B ciayuae
HeTpodecCnoHAILHBIX (harolIMTOB MEXIY IIpoliecca-
MU ayTodaruu u ¢paroliuTo3a uMeeTcs oOpaTHasi 3aBH-
CUMOCTb, T.€. aKTHUBalUs ayTo(aruu MOXeT MOoBJIeYb
3a co0OI cHIMKeHre paromuTapHoit aktuBHoCTH. [1o-
JIararoT, 4To 3TOT 3¢ PeKT 00yCcIOBJIEH KOHKYpPEHIIUEeH
0001X MPOLECCOB 3a UCIIOJIb30BAHUE JIN30COM, KOTO-
pBIe 3aBepIIaloT IIPOLIECC pacIleIUIEHUsI CyOCTpaToB
¢arouurTosa u/unu ayroaruu B Kietkax [27—29].

Kpome 3Toro, GiaaronpusTHbBIN 3¢ @dEeKT raHIInOo-
3UAO0B in Vitro Ha (arolMTapHyI aKTUBHOCTh acTPO-
ILIUTOB MOXET OBbITh YCUJIEH IMPU UX COBMECTHOM BO3-
NEACTBUM C WHCYJIMHOM, 4YTO TIOATBEPXKIAaeT JaHHbIE
Hallleil JJabopaTopuM, MOJyYECHHBIE B YCIOBUSIX in Vivo.
B Hammx ncciaenoBaHMSIX MTHCYJIMH OKa3bIBaJl MHTMOM -
pylolee Bo3aeicTBre Ha (haroluTo3 almoNTOTUYECKUX
CcyOCTpaToOB acTpoLUTaMU MO3ra. MoOJIeKYJISIpHBIIT Me-
XaHM3M, JIeXalInuii B OCHOBE 3Toro addekra, TpedyeT
JIOTIOJTHUTEJIBHOTO UCCJIeIOBaHUS, a fTaHHbIEe, OOHapY-
XKEHHbIe HaMHU B JIOCTYITHOI JMTepaTrype, HEMHOIO-
yuciaeHHbl. Hampumep, cxomHbple pe3ynbTaThl OBLIN
TOJIy4YeHbl Ha TIpuMepe HerpohecCuoHaIbHBIX (haro-
LUTOB SIUTEINAJILHBIX KJIETOK OPOHXOAILBEOJISIPHOTO
srmarenmd [30]. st oobsicHeHNS 3TOro (peHOMeHa aB-
TOPHI yaeJisitoT ocoboe BHUMaHue AKT-kunHase B pery-
JISIuuK  (paromUTapHOl aKTUBHOCTU HeIpodeccro-
HaJIbHBIX (DarolToOB AMUTEINAIBHBIX KJIETOK OpPOHXO0-
abBeosisipHoro anutenus [30].

C npyroit CTOpOHBI, U3BECTHO, UTO B OOJILIITMHCTBE
cJly4aeB TaHIJIMO3UIbI JIOKAJIM3YIOTCS B MEMOpPaHHBIX
MUKPOJIOMEHAX, U3BECTHBIX KaK JUIIMAHBIE padThl, B
COYETaHUU C APYTUMU CHUHTOIUNIUIAMU U XOJIeCTe-
pusoM [31]. BzaumopeiictBue AUIMAOHBIX padTOB C
MeMOpaHHBIMH OeIKaM1 UTPaeT BasKHYIO POJb B KJIE-
TOUYHBIX ITpOlieccax, TAKUX KaK CUTHaJIbHAsI TPaHCOYK-
OUsI IMTOKWHOB, aAre3usi, BHyTPUKIICTOUHBINA TpaHC-
mopT u ap. [32]. HemaBHO 1ToKa3aHo, 4TO Ha TJIa3MaTH -
yeckoit MeMOpaHe SHIOTeJUaIbHBIX KJIETOK aopThl,
KOTOphIE TaKxKe MOXHO paccMaTpuBaTh KaK HEIPO-
deccrmoHanbpHble darouutsl [33], ranmmo3un GM1
KOJIOKAJIU30BaH C PeLeNTOPOM MHCYJIWHA, a Hapylle-
HHEe HOPMaJIbHOTO CTEXMOMETPUYECKOTO B3aMMOOTHO-
IIEHUs WHCYJIMHOBBINA peuentop/GM1 (B cTOopoHy
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yBeandeHus1 GM 1) mpuBoauT K 0JI0Kaae MHCYJIMHOBO-
ro curHajauHra [34]. IIpumeyartesibHO, UTO B aCTPOLIU-
Tax Mo3ra ranruo3un GM1 gerekTupyeTcss B He3HA-
YUTETBbHBIX KoJIMUecTBax [35], omHAKO 3K30T€HHO JI0-
OaBneHHBIN ranrno3ng GM1 Jjierko BcTpanBaeTcsl B
IIa3MaTUYECKyI0 MeMOpaHy acTpOLIMTOB, IPUBOASI K
MoaudUuKauu MeMOpaHHBIX MUKPOIOMEHOB [36] 1 K
M3MEHEHUIO KJIETOUHOTO OTBETA Ha psil CTUMYJIOB [37].
B sTOM m1aHe moydyeHHbIE HAMM JaHHbIE 00 OTMEHE
WHTHONpYyIoero 3pgeKra MHCYJINHA B acTPOIINTAX,
MOPOLISAIINX TIPEABAPUTEIbHYI0O MHKYOAllMl0 C TraH-
mmo3uaoM GM1, XopoIlo cornacyloTcss ¢ JaHHBIMU
JINTEPATypPHI.

SAKJIIOYEHUE

B TKkaHsX, orpaHUYEHHBIX OT OOILEro KpOBOTOKA
reMaTUYeCKUMHU OapbepaMu, ydaJeHUE aIlloNTOTHYE-
CKMX CyOCTpaToOB, 00pa3yIoLIMXCs B IIPOLIECCE UX HOP-
MaJIbHOIM XM3HEACSITEIbHOCTH, PEalM3yeTCs 3a CYET
JIOKAJIbHBIX KJIETOK, MPOSBIISIOIIMX (aromuTapHyIo
AKTUBHOCTbD. Bnaronapﬂ OTHUM KJIETKaM ITOoAJCp>KMBa-
eTCsI TKAaHEeBOM IOMeOoCTa3 M MCKIIIOYAEeTCsI BO3MOXK-
HOCTh Pa3BUTUSI ayTOMMMYHHBIX peaKIInii, KOTOpbIe
MOTYT ITOABUTHCA B OTBET HA BbIXO BHYTPUKIICTOYHBIX
KOMIIOHECHTOB M3 IIOBPEXKICHHBIX WJIM ITOTMOArOIINX
KJIeTOK. B HacTosmieit padboTe Mbl BIEpBble IPUBOIUM
JaHHBIC O ABYX IIPUPOAHBIX MOOYJIATOPAX, IIPOABIIAIO-
IIX COBMECTHHBINM CTUMYIUpPYIOINii 3¢ppeKT Ha daro-
LUTAPHYIO aKTUBHOCTH HEMpPOodecCUOHAIbHBIX (Daro-
LIUTOB MO3Ta — acCTPOITTUAIBHBIX KJIETOK.

NCTOYHUKHN OPUHAHCHUPOBAHMUA

Pa6orta BrimmonrHeHa o I'oczaganuio MuHMCTepCTBa Ha-
YK U BbIclIero obpasoBaHus Poccuu — AAAA-A18-
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THE PHAGOCYTIC ACTIVITY OF RAT BRAIN ASTROCYTES
IN PRIMARY CULTURE IS REGULATED
BY INSULIN AND GM1 GANGLIOSIDE

T. V. Sokolova®*, M. P. Rychkova’, N. E. Basova“‘, D. S. Vasilev?,
N. F. Avrova“, and M. G. Yefimova 4
¢ Sechenov Institute of Evolutionary Physiology and Biochemistry, Russian Academy of Sciences, St. Petersburg, Russia
#e-mail: sokolt1956@mail.ru;
#o-mail: yefimova3@gmail.com

A timely and efficient removal of apoptotic cells and their fragments is essential to maintain tissue homeostasis
in normal and pathological conditions. Since the removal of apoptotic substrates is carried out by the cells en-
dowed with phagocytic activity, the issue on its regulation is of particular interest. In this work, we studied the
effect of two biologically active substances, insulin and GM 1 ganglioside, on phagocytic activity of primary rat
brain astrocytes. We showed that cell incubation with 1 uM insulin significantly decreased the phagocytic activity
of astrocytes (58.5% vs. control), whereas the incubation of astrocytes with 10 uM GM 1 caused an increase in
phagocytic activity (133.4% vs. control). Preincubation of brain astrocytes with GM 1 completely blocked the in-
hibitory effect of insulin. These results can be instrumental to developing novel therapeutic strategies for the
treatment of neurodegenerative diseases accompanied by the emergence of apoptotic substrates.

Keywords: astrocytes, phagocytosis, insulin, ganglioside GM 1
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