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OnHUM U3 HanboJIee MepCHeKTUBHBIX 0ObEKTOB UCCIE0BaHMUS B HEIAPOOMOJIOTUY B HACTOSIIIIEE BPEMSI SIB-
JISTIOTCSI MaJible 9KCTpaKJIeTOUHBIe Be3uKyJIbl (MOB). K aToMy Ki1accy 4acTHIl OTHOCSIT MeMOpaHHEIC BE31-
KyJibl pa3amepoM 10 200 HM. B coctaB MO B BXoasT 6€JIKU, TUMUIIbI, HYKJIEMHOBbIE KUCIOTHI, HU3KOMOJIE-
KyJISIpHBIC MeTaboIuThl. B cmity ocobeHHocTeit ctpoeHuss MOB He momromiaiorcss MakpodaraMmu 1 MOTYT
JIOBOJILHO JIOJITO, TIO CPABHEHUIO C IPYTUMU HAHOYACTULIAMHU, LIUPKYJIMPOBATh B KPOBU. [IpUHSITO cCUMTATB,
910 MO B ceKpeTHpyIoTcs BCeMM KJIeTKaM1 OpraHU3Ma U OCYIIIECTBIISIIOT MOKa He BBISCHEHHBIM BO MHOTHX
NEeTaJISIX MEKKJIETOYHbIN cUTHATUHT. CITIOCOOHOCTh 3TUX HAHOYACTULI IIPOHUKATh Yepe3 reMaTosHIIehan-
YecKuit 6apbep MO3BOJISIET pacCMaTPUBATh MX B KAUECTBE MePCIEKTUBHBIX TPAHCITOPTHBIX CPEICTB IS Tie-
peHoca JIeKapCTBEHHBIX MTPENapaToB B TOJOBHOMN MO3T.
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Cnucok cokpaieHUin

BA — 6one3Hb AnblireiiMmepa

BIT — 6one3np [TapkmaCcoHa

I'Db — remarosHuedanTnyecKkunii 6apbep

PT® — peuenTop TpaHcheppuHa

MOB — Mmaibie 3KCTpaKIeTOYHbBIE BE3UKYJIbI

DK — sHaoTeIMaIbHbIE KJIETKU

AMT — agcopOTUBHO OITOCPEIOBAHHbIN TPAHCLIUTO3
BDNF — neiipoTrpoduueckuii pakTop Mo3ra

BMECs — sHmoTenmaabHbIe KJIETK MUKPOCOCY-
JIOB TOJIOBHOTO MO3Ta

LDL-R — peuentop JAMOONPOTEMHOB HU3KOIA
IJIOTHOCTH

RMT — peniennTopHO orocpeaoBaHHbIN TPAHCIIUTO3
siPHK — kopotkue nnrepdepupyromnue PHK

3aboieBaHUsI TOJJOBHOTO MO3Ta MPEACTABISIOT CO-
00i1 OOJIBIITYIO MEAUILIMHCKYIO M COLIMAJIBHYIO TIpo0JIe-
My. CJIOKHOCTh MX JIeYeHUsI 00yCIOBJIEHA BBICOKOI
YYBCTBUTEIBHOCTBIO MO3Ta K MOBPEXICHUIO I HEBO3-
MOXHOCTBIO TIOJTHOTO BOCCTAHOBJIEHUSI HEPBHBIX KJIe-
TOK, TM0O€JIb KOTOPBIX HAUMHAETCS YXKe Yepe3 HECKOJIb-
KO MHUHYT MOCJI€ KUCIOPOIHO-IIIOKO3HOTO TOJIONAHMSI.
JlaHHBIE OOCTOSITETHCTBA OIPEICIISIIOT Y COLIMATIBHYIO

MPpO6JIEMY — BBICOKYIO CMEPTHOCTb ¥l MTHBATIU3ALINIO
KakK ITOCJIEICTBYSI TIOBPEXICHMSI TOJIOBHOTO MO3Ta.

K HacTos1eMy BpeMeHU ajiblile TOHMMAaHUS JIUIIb
HEKOTOPBIX MEXaHM3MOB liepeOpalbHOI MaToJIOTuu
W3Yy4YeHUe ITOBPEXACHUI TOJIOBHOTO MO3ra He Ipo-
IBUHYIOCH. OTHUM W3 MPENSITCTBUI TSI X 3P PeK-
TUBHOTO JICUYCHUS SIBJISIETCSI TO, UTO OOJILIIMHCTBO
JIEKapCTB HEe MOT'YT IIPEON0JICTh reMaTo3HIedaaTnde-
ckuit 6appep (I'DB), KoTopkhlil 3aTpymHseT ux 3¢h-
($eKTUBHYIO OOCTaBKY K KJIETKAM TOJIOBHOIO MO3Ta
HE TOJIbKO B YCJIOBUSIX TIaTOJIOTUM, HO U B HOpME.

IMon repmuuom “I'DB” mogpa3zymeBaeTCsI KOM-
TUIEKC MEJIKUX KPOBEHOCHBIX KaIlWLISPOB, TJIOTHAs
CETh KOTOPBIX OCYIIECTBIISIET BACKYJISIPU3AIINIO MO3-
ra, Ipy 3TOM 3alllMIIIAasl €T0 OT MOBPEXAAIOIIMX BO3-
NeICTBUI, OKa3bIBaEMbIX TOKCUYECKUMU SHIOT€HHbI-
MU U BK30T€HHBIMU (haKTOpaMu, LIMPKYJIUPYIOIIUMU B
KpOBSIHOM pyciie. Ha MUKpPOCKONMUYECKOM YpPOBHE
I'Db cocTouT M3 OMHOPOMTHOTO CJIOSI MUKPOCOCYIM-
CTBIX 3HIOTEIUAIbHBIX KJIeToK (DK), coemmHeHHBIX
MEXITy COO0I OOKOBBIMU IJIOTHBIMU KOHTaKTaMH (tight
junctions), KOTOpbIe MPETSTCTBYIOT MEXKIETOUHO-
My TIepeHOCy U/MIU TacCUBHOM auddy3uu mMoJe-
Ky1 yepe3 I'Db, obecneunBast ero BEICOKYIO CEJIeK-
tBHOCTS [ 1]. Ha cTopoHe LiepeOpanbHO TaprueHXUMbI
OK mnoanepxuBaloTcs MEPULIMTAMUA — COKPATUTEb-
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HBIMU KJIETKaMHM, 3aK/IIOUEHHBIMHU B TOHKMI CIIOH
BHEKJIETOYHOIO MaTpukca (0azajdbHylO MJIaCTUH-
KY), Y1 IOAKpEIUIeHbI KOHIIEBHIMHU HOXKaMM aCTPO-
muTapHoil rmu. KiaeTkm sHmoTen s, NepULMTh U
aACTPOLIMThI B COYETAHUM C HEMPOHAMU, MUKPOITIUEN U
OJIMTOIAECHAPOIIUTAMK 00pa3yloT HEMPOBACKYIISIPHYIO
enuHULY (neurovascular unit), CmoCOOCTBYIOIIYIO ITOMI-
nepxanuro romeocrtasza LHHC [1].

Takum obpazom, I'Db, BcaeacTeue crienuduye-
CKOM peryJjsiiuy TpaHCIopTa HEOOXOAMMBbIX TOJIOB-
HOMY MO3Ty MeTabOJIMTOB U3 KPOBSIHOTO pycJia B 11e-
peOpaIbHYIO TAPEHXUMY, BBITIOJHSIET (PYHKIIUIO 3a-
muthl IIHC ot pa3zHo0Opa3HBIX HEMPOTOKCUYECKUX
coelMHeHU#, obecrnieuyrnBasi TakuM obpa3oM nomaaep-
>KaHUE ee TOMEeoCcTas3a.

OnHako y 6apbepHoit ¢pyHKIMu I'Ob ecTth u 06-
paTHasl CTOpOHa, a UMEHHO, €ro CBOMCTBA HE TOJILKO
MPEMNSATCTBYIOT IPOHUKHOBEHUIO B MO3T BPEITHBIX BE-
ILIECTB, HO Y 3aTPYAHSIOT TPAHCHOPT MaKPOMOJIEKY-
JIIPHBIX JIEKAPCTBEHHBIX CPENCTB, i1 KOTOPOTo Ya-
CTO HEOOXOIMMO yJacTHE CIETM(PUISCKUX PELICTITOPOB
1 TPAHCIIOPTHBIX OEJIKOB, JIOKAIM30BaHHbBIX HETTOCPeI-
ctBeHHO Ha ['Db. B ¢Bs131 co cka3zaHHBIM BHILIIE HE OY-
JIeT TpeyBeJUYEHUEM TOAYEPKHYTb, UTO B HACTOS-
1Iee BpeMsl OMHOM M3 OCHOBHBIX 3a1a4y (PyHIaMeH-
TaJILHON MEIULMHBI SIBJISIETCS TIOMCK 3HAOTEHHBIX
MEXaHU3MOB, CIIOCOOCTBYIOIIUX 1IeJIeHAapaBIeHHOM!
JIOCTaBKE MaKpOMOJIeKyJl B MO3r uepe3 'Db.

B nocnegHue roapl MOsSIBUJIMCh OCHOBAHUSI CUU-
TaTh, YTO OMHUM M3 IIPUPOTHBIX IIEPEHOCUYNKOB JIE-
KapcTB dyepe3 'Db gaBasgioTcss Maible SKCTpaKIeTOd -
Hble Be3UKyJIbl (MDOB), OCHOBHBIMU MpPEACTABUTEIS -
MU KOTOPBIX SIBJISTFOTCSI 9K30COMBI 1 MUKPOYACTHUIIHL.
Buauane ctout otMeTuTh, 4TO0 MeEkayHapogHoe 00-
IIECTBO IO H3YUYEHUIO BKCTPAKJIECTOUHBIX BE3UKYJ
peKOMeHAyeT Ha3bIBaTh MO B 1100kIe BRICBOOOXKIAC-
Mble KJIETKaM1 MeMOpaHHbIE CTPYKTYPHI (3K30COMBI,
MUKPOBE3UKYJIbI, 9KTOCOMbI, OHKOCOMbI, MUKpOYa-
CTUIHI U T.I.) padMepoM MeHblne 200 HM, eciu He
MoKazaHa MX TOYHas MPUHAIEXKHOCTh K KaKOMY-TO
KJlaccy, HalpyuMep, He TTPOBEJSHO OKpalllMBaHUE CIie-
mudUIeCKUMU aHTUTEJIaMU, He IMpoBeleHa 3JIeK-
TPOHHAasT MUKPOCKOMMUSI, MPEHUITUTALIMS 3a CHelU-
¢dudeckuii aHTUTEH U T.1. [2]. ABTOpbI peKOMeHIaIuii
OTMEYAIOT, YTO TOYHASI MICHTU(DUKALIMS IIPUPOIBI 3KC-
TPaKJIETOYHBIX BE3UKYJI IIPEACTABJISIET COOOI CIOKHYIO
WY JaXkKe HEBBITTOJHUMYIO 3a/1a4y, TO3TOMY B HACTOSI-
11ee BpeMs IS BCeX HEBBISICHEHHBIX CUTYallnii B HAy4-
HOII IuTepaTrype pPeKOMEHIYeTCsl I10JIb30BaThCs Tep-
MuHOM MO B. [1pu 3TOM 3a4acTyio B CTaTbsIX aBTOPHI
YIIOTPEOJISIIOT TEPMUHBI 3K30COMBI 1 MUKPOBE3UKYJIHI,
He MPUBOIS 10KA3aTeIbCTB MPOMCXOKIACHUS ITUX Ya-
CTUII M HE 3aAyMBIBasiCb O TOM, YTO HENpaBUJILHOE
yInoTpeOIeHre TEPMUHOB MOXET 3alyTaTh YMTATEs.
MBI CTOJIB3yeM TEPMUH “MaJible DKCTPaKICTOUYHBIE
Be3UKyJIbl (MDB)” 1151 0603HaUEHMST YaCTULL pa3Me-
poM MeHbIIe 200 HM, KaK ¥ pPeKOMEHIOBAaHO IIPO-
deccrnoHaIbHBIM COOOIIECTBOM.

WccnenoBanus mocaeqHUX JIET TOBOPST, YTO MOB —
JNEeNCTBUTEIBHO YHUKAJIBbHBINM OOBEKT U MX BaAXKHOCTh
JIJTSI ICCTIEIOBAHMSI MO3Ta CJIOKHO MepeolieHUTh. I1po-
CTO€ MepevyrcaeHne HepeOpabHbBIX ITaTOJIOTUi, TIPU
KOTOPBIX TTOKa3aHa JMAarHOCTUYECKasl U TeparneBTH-
yecKasl 3Ha9MMOCTh MO B, yke camo 1o cede mpous-
BOOUT BrieuaTieHUe: 0one3Hb Anblreiimepa (bA) u
npyrue ¢GopMbl JeMeHLnu [3—7], 6ose3Hs ITapkuHco-
Ha (BIT) [8—10], cuaapom JlayHa [11], 60KoBOI1 aMKO-
Tpodraeckuii ckirepos [12, 13], paccessHHBII CKIIepo3
[14—16], uncynsr [17—20], smunernicus [21]. Kpome To-
IO, TIOSIBIISIIOTCS. pabOTHL O ¢BsI3u MOB co crapeHueM
[22], mempeccmeir [23—25], OUITOISIPHBIM pPacCTPOi-
cTBOM [26, 27], HeliporeHesom [28, 29] u ctpeccom [30].

Takoli BHYIIIMTEIBHBIN MTEpeYyeHb aKTUBHOCTU MO B
oIpeaessieTcss HECKOJIbKUMU MTPOCTBIMU OCOOEHHO-
ctsiMu. Bo-TiepBbIX, 3T BE3UKYJIbl pa3MEPOM OKOJIO
100 HM cekpeTUpYyIOTCS MNPaKTUUYECKU ITOCTOSTHHO
BCEMU KJIETKaMU OpraHu3Ma M cofiepkaT Ha MeMopa-
He OIO3HaBaTeJIbHbIC 3HAKU “CBOI/HE €IlIb MEHS ™~ IS
WUMMYHHOM cucTeMbl opranusMma [31, 32]. Bo-BToOpbIX,
OHU CMOCOOHBI MPOXOJUTDH Yepe3 TKaHEeBble Oapbe-
po1, BKmodas ['Ob [33, 34]. D1u cBoiicTBa ITO3BOJIS -
0T MOB MOBOJILHO OJITO LIUPKYJIUPOBATh B KPOBU U
IIPOHMKATH B JIIOOBIE opraHbl. I[louemy MOB comep-
2KaT MOJIEKYJIbl, XapaKTepHbIE 1J1s1 (hU3MOJIOTUYECKO-
IO COCTOSTHUSI WJTW IMTAaTOJIOTUU,, OCTAETCSI HEU3BECTHBIM.
Bunumo, B opraHusMe CylleCTBYIOT MEXaHU3MbI CUT-
HaJIMHTA C UCTIONb30BaHUEM MO B, ¢ moMoI1bI0 KOTO-
pOro KJIETKW OOMEHUBAIOTCS MH(OpMalIMed O BO3HU-
Karommx natoyorusix [35]. ITockoiabKy 0COOEHHOCTHIO
MOB, Hanbonee BasKHOM TSI X MOTEHIIMAJIBHOTO Te-
paneBTUYECKOTO MPUMEHEHUsI, SIBISIETCSI CIIOCO0-
HOCTb MpOHUKaTh yepe3 Db, 3Ta 0cO6EHHOCTb HY X~
nIaeTcs B 0oJee IToagpoOOHOM O00CYyKICHWH.

ABAsIACH €CTECTBEHHBIM (PU3MOJIOTUYECKUM 00b-
ekToM, MOB crocoOHBI MyTeM TpaHC- W/WIM Tapa-
1IMTO3a IOCTABJISITh B MO3T KaK OObIUHbBIE TeparieBTUYe-
CKHe€ areHThI MacCoii MopsiiKa OMHOTO K/a, Tak 1 KpyIi-
HbIe OOMaKPOMOJIEKYJTbI Maccoit coTHH K/a [36—38].
CoBpeMeHHbIe JaHHbIE CBUAETEIbCTBYIOT O TOM, UYTO
MO B crtoco6HEBI mpoxonuTth yepe3 ['Db 13 KkpoBstHOTO
pycia Kak B HalpaBJIeHUM MTapeHXUMbl MO3Ta, TaK 1
00paTHO. DTH BE3UKYJIbl TPAHCHOPTUPYIOT U OCTaB-
JISIIOT B KJIETKU-MUIIEHU (apmalieBTUYECKUE MakK-
POMOJIEKYJIbI, MEMOpPaHHbIE U IIUTO30JIbHbIC OCJIKHU,
reHetnyeckuii marepuail (MPHK u Hekomupyromue
PHK, B Tom uucne mukpoPHK), T.e. coenmHeHnus,
KOTOpbIE B CBOOOTHOM COCTOSTHUU OOBIYHO HE CIO-
COOHBI MPOHUKATh Yepe3 IIa3MaTuYecKylo MeMopa-
Hy 3HIoTeanaabHbIX KiaeToK (DK) I'Db [39].

OcHoBHbIM KoMIToHeHTOM ['Db, peryaupyouum
nepeHoc MO B, apistorcst nmeHHO DK. KonTakT MO B,
LIMPKYJIMPYIOLIUX B KPOBSIHOM pyciie, ¢ DK akTuBu-
pYyeT psii MeXaHU3MOB, TaKMX KakK (haroluTo3, 3HI0-
1IUTO3, MUKPOITMHOIIMTO3, TIPY YYaCTUU KOTOPBIX MPO-
HUCXOIUT MOMIoIIEHUE KieTKaMu MO B 1 akTuBanus nx
NpuToKa B TKaHb Mo3ra [40]. Tpancmopt MOB uepes
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I'Db ckopee Bcero SIBasIeTCsS KI1aCCUISCKAM IIPUMe-
poM TpaHcuuTto3a. [Tocie npukperuieHuss MOB kK DK
W CJIMSIHUSI C HUMU coAepxXruMoe MO B BrICBOOOXKIAET-
¢ B IMTO30J16 DK, TIp1t 3TOM B3anMoneiicTBIe OeTKOB
MeMOpaHsl MOB ¢ perlenmrropamMu Ha TTOBEPXHOCTH
BOK npuBoaut K popmMupoBaHuio Mexay MOB u K
COCAVHEHUI TUIMA TUIOTHBIX KOHTaKTOB. ComepxXu-
Mmoe MOB, BricBOOOIMBIIICEeCST B DK, 3axBaThIBaeTCs
SHJIOCOMAaMU U IIepeMelaeTcss UMY K aOJIIOMUHAJIb-
Hoit moBepxHoctn DK [41, 42]. KonueaTpanusg MmOB
B KPOBU SIBJISIETCS BAXKHBIM (DaKTOPOM MX TPaHCIIM-
To3a 4yepe3d DB, ITOCKOIBKY cylllecTBeHHAs OIS
MOB BHyTpH DK MOXeT OBITH HarmpaBjieHa Ha Aerpa-
JalUIo B IM30COMBI [43].

TpancopT pa3nnyHBIX coenHeHU yepe3 'Db
OIOCpeayTCsl PSAAOM (DU3UMOJOTMYECKUX MeXaHU3-
MOB, TaKUX KaK aKTUBHBIN 3 DIIIOKC, aacopOIIMOH-
HO-OIOCPENOBaHHbIN TPAHCIMTO3, TPAHCIIOPT, OMO-
cpenyeMblii crieluuIecKruMu perientopamu (osie-
BOI KUCJIOTBI, TpaHC(EepprHA, UHCYJIMHA, TIyTaMara,
CKaBeHIKep-peuentopamMu u apyrumu) [44]. Kon-
TakT ¢ DK MOB, LIMPKyIMpyIOLINX B KPOBIHOM pYCIIE,
CTUMYJIMPYET S3HAOLUTO3, MUKPOITMHOILIMTO3, (haroiv-
TO3 U CIWSIHUE TIa3MaTUYECKUX MeMOpaH — Mexa-
HU3MBbI, BOBJIeYeHHbIE B morolieHne MOB u ycko-
psifole UX MOCTYIJIEeHUE B TKaHb TOJIOBHOTO MO3ra
[40, 45, 46]. [ToMuMo MDB, IPOHMKAOLIMX B MO3T U3
KpPOBH, B CaMOM MO3re TakxKe cojepxkarcss MOB co6-
CTBEHHOTO Ipou3BoacTBa [47—51], rne OHU MHTEHCHUB-
HO CEKPETUPYIOTCS Pa3IMYHbIMU TUMNAMU TIHMATbHbIX
KJIETOK (acTporyineid, OJIMToAeHIAPOrIneil, MUKPOTIIU -
eit) u HelipoHamu (puc. 1). DT sHAOreHHBIE MO B,
3axBaTblBaeMble Kak 0apbepHbIMU DK, Tak 1 irucTaH-
LIMOHHO MIMAJbHBIMU KJIETKAaMU 1 HEMpOHaMU, OCYy-
LLIECTBJISIIOT OPraHW30BaHHbINM HampaBJeHHbI CUT-
HaJUIMHT MEXY KJIE€TKaMU MO3ra, ToIepXrBas ero
roMmeocTtas [52—59].

ComtacHO COBpeMEHHBIM IpPEICTaBICHUSIM, OC-
HOBHBLIMY MEXaHU3MaMM ITOCTYIUIEHUSI B TKAHb MO3-
ra yepes3 ['Db sk3oreHHBIX MO B IBASIOTCS TpaHCIIN -
TO3 — MOCJI€ TECHOTO KOHTaKTa (CIUSIHUS) U UHTEP-
Hanuanu3anuu ¢ DK, 1, BO3MOXHO, MapaluTo3 —
TpaHCIIOPT B TKaHb Mo3ra 4yepe3 I'Db B pesyinbrare
MMPOHUKHOBEHUS MOB B MJIOTHBIE KOHTAKThI MEXIY
DK [37, 60]. [Tocne cnugHUS M MHTEpHALMATA3ALIUI
cogepxuMmoe MOB BbICBOOOXTAETCS B LIMTO30JIb DK,
MIpY 3TOM B3amMojelicTBUe O0eJIKoB MeMOpaHbl MOB ¢
peuienTopaMu Ha mmoBepxHocty DK mpuBoauT K ¢op-
MmupoBaHuio Mmexny MOB u DK coenquHeHuii Tuma
MJIOTHBIX KOHTAKTOB. ITokazaHo, yto MOB kpoBu, mo-
MedeHbIe (IIyopeciieHTHEIMU KpacuTeasimu PHK26 u
DiD (3T KpacuTtenu HeceJIeKTUBHO BCTpauBalOTCS B
MeMOpaHy Be3UKyJI), IIpu MHKyoauuu ¢ DK auHumn
bEnd.3, mpoucxomsgimmmMu U3 MUKPOCOCYIOB MO3ra,
npoHuKaioT B 3T DK myTeM TpaHCIIMTO3a, a 3aTeM
MOB 1M BeICBOOOIMBIIEECS M3 HUX COAECPKUMOE
3aXBaThIBAETCSI SHIOCOMAaMU U IIEPEMEIIACTCS UMY K
abmroMuHanbHOM moBepxHocTn DK [41,42, 61]. Invi-
VO TPAHCIIMTO3 9K30COM ObLJI TT0OKa3aH Ha peioKax Da-
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nio rerio, y KOTopbixX 3penbiit 'Db pa3BuBaercsa B Te-
yeHue 3 JHel nocjie orIogoTBopeHus [62]. B aTux skc-
NEpUMEHTAX BU3yaJM3allisl B pealbHOM BpPEMEHU
TIO3BOJIMJIA TIPOCIIEANTL TPAHCIIOPT 3K30TeHHBIX MOB
BIUIOTh JIO WX CJIUSIHUS C LIMTOITJIa3MaTUYECKON MeM-
opanoii DK.

M3BecTHBI pa3iMyHble MYTU TPAHCHOPTUPOBKU
yepe3 'Ob, ncrmonms3yemble MOB misg mepemMereHus
yepe3 Gapbep JEKapCTBEHHbBIX MpenapaToB, He Mpe-
OMl0JIeBAIOIIIMX eTo IyTeM nmpocTtoil nnddy3uu. Hau-
0oJiee pacrpoCcTpaHEHHbIMU U3 HUX SIBISIIOTCS pe-
LIETITOPHO-OIOCPEA0BaHHbBIN TpaHCIIUTO3 (receptor-
mediated transcytosis, RMT) u ancop0TuBHO-0mocpe-
JIOBaHHBIN TpaHcLuTO3 (adsorptive-mediated transcy-
tosis, AMT), u3 koropsix RMT mno3BosieT Hauboee
3 eKTUBHO TPaHCOPTUPOBATH U3 KPOBSIHOTO pyC-
na gepe3 DK I'Db B TKaHb M0O3Ta HU3KOMOJICKYJIISIP-
Hble TeparneBTUYeCKHe CpeICcTBa, HaHOpa3MepHbIe
yacTulbl 1 T.11. B coctaBe MOB. IIpu RMT (puc. 2)
YYacTBYIOIIIME€ B HEM PELIENITOPbl aKTUBHO IKCIIpec-
cupytorcsd Ha MeMbpaHe DK MUKpOCOCyn0oB rojioB-
Horo Moara (brain microvascular endothelial cells,
BMECs), npuuem Ha Hapy>HOI MeMOpaHe DK mpo-
HUCXOAUT clieurdpuIeckoe CBSI3bIBAHUE TPAHCIIOPTU-
PYEeMOTO COEIMHEHMSI C PELIETITOPOM, UTO UHULIMUPYET
SHJIOLIMTO3, C MOCJIEAYIOIIMM MepeHOCOM (hOpMUPYIO-
IIMXCSI DHIOCOM, COAEpKAIMX KOMITAapTMEHTAIN30-
BaHHBIE coequHeHus, yepe3 DK B mo3r [63—65]. Pe-
LIeNTOPHI, NCTIoNb3yeMble MOB mis cBsa3pBanms ¢ DK,
XOPOIIIO M3Y4YeHBI, TaKXKe JaBHO M3BECTHA CITOCOO-
HOCTb 3TUX PELIENTOPOB OIMOCPEeNOBaTh TPAHCIIOPT
BEIIECTB M YACTUII U3 KPOBU B MO3T uepe3 ' DB.

Penentop Tpancdeppuna (PTP), rmukonporenHa,
obecrneymnBaroIlero TpaHCHOPT Xejle3a B KJIETKU To-
JIOBHOTO MoO3ra, orocpeayet TpaHcuuto3 B DK ka-
MLISIPOB MO3Ta MBILIEH 1 yenoBeka [66, 67]. Beisas-
JieHa onocpenyemasi PT® nocraBka B MO3Tr uepes
I'Db nunocom [29] u HaHoCchep XxUTO3aHA — TIPUPOI-
HOTO TI0JIMcCaxapuia ¢ BBICOKOW JIUTTOTPOITHON aKTHB-
HocThIO [68]. KpoMe Toro, mokasaHbl TO3UTHUBHBIE Pe-
3yJIbTaThl HaMpaBJIeHHON BHYTPUMO3TOBOI TOCTaBKU
KOHBIOTMPOBAHHOTO C aHTUYEIOBEYECKUM aHTUTEJIOM
K PT® m3ocomanbHOro hepMeHTa UIypOHAT-2-CYyb-
daraspl, 1eUIUT KOTOPOro UMEET MECTO TpU Ha-
CJIE[ICTBEHHOM 3a00JI€BaHUU — MYKOMOJIMcCaxapuao-
3e 11 (cungpome Xanrepa) [69].

PeunenTop MnonpoTenHOB HU3KOi MIOTHOCTH (low
density lipoprotein receptor, LDL-R) omocpenyer
TPAHCUMUTO3 JUIIOTIPOTEMHOB, O0OrallleHHBIX XOJIe-
CTEpUHOM, U MpPEICTaBIsIET COO0I MeMOpaHHBII1 Oe-
JIOK, creuuGuIecku pacrno3Halolrii anojammnonpo-
teuHbl B (APOB) u E (APOE). AktuBHas1 aKcrnipeccus
LDL-R B roloBHOM MO3re IO3BOJSIET €My OCYILEeCTB-
JISITh (yHKLMIO 3(PPEeKTUBHOIO IepeHocunka. [lemru-
nbl, monydeHHble 13 APOB u APOE, nipu KoHbIOTH-
poOBaHMU Cc OeJIKaMU, Harpumep, epMeHTaMU JI1U30-
COM, 00JIETYalOT TPAHCIOPTUPOBKY OeJIKoB Yepe3 Db
[70]. B3aMOCBSI3b JTUITOCOM U TTOJIMMEPCOM C TIeTITH-
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Heitponnt

ImnanbHBIE
KJIETKA

Puc. 1. Majble 3KCTpaKJIETOYHbIC BE3UKYJIBI HEPOHOB U TIMAJIbHBIX KJIETOK AOCTaBJISIIOT Yepe3 DB cBoro Harpy3Kky K Kier-
kam LTHC, perynupysi ee roMeocTas 1 aganTaloHHbIe poliecchl. H — HeitpoHbl; ALl — acTpouuThl; Ol — OJTUTOACHAPOLIM -
TbI; MT — Mukporust; DK — sHmoTeInanbHbIe KISTKH.
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Puc. 2. BzauMoeiicTBre MaJIbIX 9KCTPAKJIETOUHBIX BE3UKYJT, IUPKYIUPYIOLIUX B KPOBSTHOM pYycCJie, C peliernTopaMy SHAOTE M -
aJIbHBIX KJIETOK TOJIOBHOTO MO3ra MPU PELIENITOP-0IOCPEAyeMOM TPAHCIIUTO3E.

mamn 13 APOE yckopsieT nx ommocpenyemsuiit LDL-R
nepeHoc yepe3 'Db B TKaHb MO3ra myTeM TpaHCIIM-
To3a B BMECsS, uTo Tak:ke XapaKTepHO U JIJIsl IeNTH-
noB, BeImeneHHBIX 13 APOB [71, 72].

PenenTop mHCyIMHA M Apyrue penentopbl. Perer-
top uHcyanHa (INS-R), omnocpenyomuii TpaHCIIU-
TO3, DKCIPECCUPYETCS B MUKPOCOCYAaX TOJOBHOIO
MO3Ta YeJIOBEeKa aKTUBHEE, YeM B IPYIrux TKaHsax [73].
YV manyeHToB ¢ MyKoIorucaxapuao3oMm I Tuma rmokasa-
HO YCKOPEHUE TPAaHCIIMTO3HOM TOCTaBKM B MO3T BBICO-
KOMOJIEKYJIIPHBIX JIEKAPCTBEHHBIX CPENCTB (Hampu-
Mep, L-uaypoHunasbl) pyu MCHOJIb30BAaHUU TYMaHU -
3MPOBAHHBIX aHTUTEN, KOHBIOrMpoBaHHEIX ¢ INS-R
(humanization of anti-human insulin receptor anti-
body, HIRMAb) [74—76], BHYTpUBEHHOE BBEICHUE
KOTOPBIX TMPUBOIWJIO K TTOJOXUTEIbHBIM COMaTHye-
CKMM M KOTHUTUBHBIM 3¢ dekram. Tsokemas 1erb aH-
TUIeHA MTOBEPXHOCTU KJIETKU, 0003HaUYaeMoro Kak 4F2
(4F2 cell-surface antigen heavy chain, nceBoHUM —
CD98hc) — rereponuMepHbIii 0€JI0K, KOTOPBIA aK-
TMBHO 3KcIpeccupyeTcst Ha MeMOpaHax BMECs ue-
JIOBEKa U MBIIIU, CBSI3bIBasi aMUHOKUCJIOTHI U TPaHC-
noprupys ux yepes I'Db [66, 67, 77]. Tpaucmoprep
rmoko3sl GLUT1 — onHoHampaBlIeHHBI OeIKOBbIi
MEPEeHOCUMK IIIOKO3bI, KOIUPYEMbIii Y UesloBeKa re-
HoM SLC2A1 — obGecrieynBaeT 00JeT4YeHHBIN TpaHC-
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MOPT IIIOKO3bI YEPE3 IUIa3MaTUIECKYI0 MEMOpaHy, B
ToM uucie, kiietok BMECs, Ha MeMOpaHe KOTOpbIX
OH aKTUBHO 3KCIIPECCUPYETCS, U CIIOCOOCTBYET IIe-
peHocCy B TKaHb Mo3ra dyepe3 ['Db HanogacTuir tTnma
Jariocom u Mmuuema [78, 79].

B skcnepuMeHTe He Bcerna MOKHO OOHApPYXKUTh,
KaKMMU peLenTOpaMM OIOCPEAyeTCs MIPOHUKHOBE-
e MOB gepe3 'Db. Tem He MeHee, OHO MPOUCXO-
JINT, CKOpee BCero, MmyTeM TpaHCUUTO3a, YTO ObLIO
MOKAa3aHO HEOOHOKpPATHO. B Moaenu nieMmuueckoro
WHCYJIbTA y MBILIEH 9KCTPaKIIETOUHBIC BE3UKYJIbI, B
TOM uuciie MOB, 13 HelipOHATBLHBIX CTBOJIOBBIX KJIE-
TOK ITO CPAaBHEHMIO C BE3UKYJIaMU U3 ME3CHXUMAJTb-
HBIX CTBOJIOBBIX KJIETOK, O0osiee 3(ph(PEeKTUBHO JTOCTH-
rajy napeHxumbl Mosra yepe3 I'Db [80]. ¥V pnibok
Danio rerio Harpy>keHHble IIUTOCTATUYECKUM AHTU-
onotnkoM mokcopyoummHoM MOB 13 BMECs nin
KJIETOK OITyXOJIM MO3ra JOCTaBJIsUIM COAECPXKUMOE K
KJteTkam orryxoyim [81]. B aToit padboTe B 3MOpUOHBI
PBIOKM Yepe3 KapaWHaJbHYIO BEHY BBOIMIN MOB,
HarpykeHHbIe (bJIyopeclIeHTHBIM KpacuTeseM pojia-
MUHOM- 123, a 3aTeM ero (pIyopecleHIINI0 pETUCTPU-
poBaiM B KPOBSITHOM pycyie. OTHOBPEMEHHO OBLIO
MoKa3aHo, 4TO pogaMuH-123 cam 110 cebe, BHe MDB,
B MapeHXUMY Mo3ra He TpoHuKaji. C Ipyroii ctopo-
HBI, MeUeHbIe pogamMuHoM-123 MOB u3 DK nunumn
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bEND.3 akTMBHO NPOHUKAIN B CTPYKTYPhI MO3Ta,
MOATBEPXKAask CIIOCOOHOCTh 3TUX HOCUTEJIEeiT TOCTaB-
JISITh JIEKAPCTBEHHBIE CPEICTBA B TePaleBTUYCCKUX
neirstx gyepes3 'Db.

M3 BHeKIeTOYHOTO IpocTpaHcTBa MO B nHTEpHA-
LAOHAIU3UPYIOTCA KIJIETKaMU-PEeUMUIIMEHTaMU 11y~
TeM Pa3IUYHBIX MEXaHU3MOB: DHIOLIMTO3a, MUKPO-
MMUTO3a, (paronTO3a, 3aXBaTa [aa3MaTu4eCcKom MeM-
OpaHoii. Pesynbrarhl psima paOOT OOIYCKAIOT, 4TO
OCHOBHBIM MEXaHU3MOM TpaHcIopta MOB BHYTpb
DK MoxeT ObITh 9HIoLUTO3 [82]. CaeayeT OTMETUTD,
YTO 3HAOLIMTO3 O0JIETYaeTCsl MaTOJOTUYECKUMU CO-
CTOSIHUSIMU, UTO OBLJIO MOKa3aHO B OTHOLIeHUU MOB
13 MakpodaroB Ha MOAECJISIX in Vivo U in vitro. B Monenmu
WIIIEeMUYECKOTO WHCYIBTA in vifro MOB, HarpyXeHHbIe
mouudepasoit, 3HaUMTEIbHO UHTEHCUBHEE, YEM B
HopMe, nepeceka MoHocnoit BMECs [83]. IIpoHuk-
HoBeH1e MO B B KJTETKM TTIPONCXOIMIIO ITyTeM SHIOIIN -
TO3a, XOTSI CPABHUTEJIBHO HEOOJbIIIOE KOJUYECTBO
BE3MKYJI BCce ke mpeomosieBajio MmoHocnoii BMECs
napakjeTOYHbIM ITIyTeM, B pe3y/jbTaTe MacCUBHOM
Iuddy3un yepe3 MeXKIIETOYHbIE KOHTAKThl MEXITY
STUMM KJIeTKaMHu. B Momenm BocHalleHUsI Yy MbIIIei
BHYTPMBEHHO BBeAeHHBIe MO B 13 HaMBHBIX MaKpO-
daroB (naive macrophage) npeononeBanu ['Db nyrem
TPaHCIUTO3a, U B YCJIIOBUSIX BOCIAJICHUS ACIaIN 3TO
oonee 3(pPeKTUBHO, YeM B HOPME, JIOCTABIISISI B MO3T
BDNF [84]. Takum o0pa3omMm, MakpodarajibHble
MO B SIBASIOTCS BO3MOXHBIMU MEPCIIEKTUBHBIMMU 1€~
peHocunkKamu yepe3 'Db B Mo3r iekapCTBEeHHBIX CO-
eAWHEHUI1 B yCIOBUSIX LiepeOdpaibHOit maTonoruu. [pu
5TOM IIPOLIECC SHAOLUTO3HOM MHTEpHAIM3auu MO B B
DK 3aBUCHUT OT THIIA KJIETOK, KOTOPBIE CEKPETUPOBa-
g MO B. Kak cuutaercsa, MOB, Oynydyu cekpeTupo-
BaHBI pa3JIMYHBIMU KJIeTKaMU, HECYT Pa3IndHYIO Ha-
rpy3Ky, B TOM 4mciie 0enku 1 munuabsl. Kpome Toro,
MO B 13 pa3HbIX KJIETOK UCIOJIb3YIOT Pa3HbIC CIIOCOOBI
npoHnKHOBeHUs yepe3 ['Ob, a ahdekTnBHOCTE 3TOrO
MIPOHMKHOBEHMSI, B CBOIO OYePeIb, MOXKET 3aBUCETb OT
XapakTepa MaToJ0TMYeCcKOoro COCTOSTHUS Mo3ra [85].

ITomuMo sHOOIIMTO3a, MpoHUIIaeMocTb I'Db s
MOB omnocpenyeTcsi, Kak moJjararoT, elle OTHUM Me-
xaHu3MoM. Tak, rmokaszaHo, uyto MO B 13 KjeTok paka
MOJIOUHOM XeJe3nl comepkaT MUKpoPHK miR-105,
CHMKAIOIIYIO 1ieJlocTHOCTh 'Ob 3a cueT Hemocpen-
CTBEHHOTO Bo3aeicTBUs Ha 6enok Z0O-1, OCHOBHOI
MOJIEKYJISIPHBI KOMIIOHEHT TUIOTHBIX KOHTAKTOB MEX-
oy BMECs [86]. [Toxoxwit addeKT okasbiBaim MOB
U3 HOPMAJIbHBIX CTBOJIOBBIX KJIETOK MYJbIbI 3y0a,
MOBBIIIAS IPOHUIIAEMOCTh MUKPOKAMWLISIPOB Ha Ha-
yaJbHOM CTaauu ocTporo BocnaieHus [87]. Kpome To-
ro, npoHuiiaeMoctb 'Db 3HauMUTENHLHO BO3pacTaer
MpH LIepeOPOBACKYISIPHBIX 3a00JIeBaHUSIX, YTO MO3-
BOJISIET TTIPOXOJIUTD Yepe3 HEro MaKpOMOJIEKYJISIPHBIM
coemMHEeHMSIM OelIKoBoii mmpupons! [88]. B kymbType
KJIETOK FOJIOBHOTO MO3Tra rPbI3yHOB 1 HA MHTAaKTHBIX
3apobliiax peloku Danio rerio TIoKazaHa BO3MOX-
HOCTb noaepKaHus 1ejJocTHocTU ['Db HelipoHasb-
HeIMU MOB, comepxammmu MUKpoPHK miR-132,

nyTeM mHTepHanu3nuus 3tux MOB B BMECs u 1e-
peHoca TakuM obpazoM miR-132 B BMECs [89]. TTo-
ciie atroro miR-132 BozneiicTByeT HeMOCPenCTBEHHO
Ha KaJIbIIMii/KaTbMOMYIUH-3aBUCUMYIO KUHA3Y dyKa-
puOTHUYECKOTO (hakTopa 310oHTamu 2 (eukaryotic elon-
gation factor 2 kinase, eef2k), peryampys aKcrpeccuio
BaCKYJISIPHOTO BHIOTEIMATBLHOTO KaJrepuHa, BaXKHOTO
¢akTopa, yKperuisolero rioTHbie KOHTaKThl. Takum
obpazoM, MOB, Hecymme miR-132, MoryT momuepxi-
BaTh LIEJIOCTHOCTbD LiepeOpaIbHbIX COCYI0B, B OTACIb-
HBIX CllydasiX CIOCOOCTBYsI TepaliMyd HeBpOJOoruue-
CKUX 3a00JIeBaHUM.

B teparmmum BIT ncnonws3oBanm MOB, HarpyxeH-
HbIE€ aHTUOKCUIAHTHBIM O€JIKOM KaTajaa3oi U MPOoXxo-
nuBive yepes I'Db nocie nHTpaHa3aJlbHOTO BBEICHUS
[90]. Yto6w! mpeonosiets Db, MOB Moauduimposanu
C UCII0JIb30BaHMEM MO3TOHABOJSIIUXCS MTENTUAOB
(brain homing peptides), HampaBJIeHHBIX Ha CBSI3bI-
BaHue ¢ sHaoTeaueM I'Db. KpomMe Toro, mojydeH-
Hble M3 HauBHbIX MakpodaroB MOB comepxar no-
BEPXHOCTHBIE O€/IKU (aHTUTEH 1, acCOUMUPOBaHHbBIN
¢ dyHkuueit mumormtapHoro nHterpuHa (LFA-1),
BHYTPHMKJIETOUHbIE MOJeKyabl aare3un (ICAM 1), yr-
JIEBOI-CBSI3bIBAIOIIIME pelienTOpbl JenuTrHa C-Tumna),
KoTophle TakKe cBsi3bIBaroTcss ¢ BMECs [84]. DK ka-
MUJIJISIPOB MO3Ta 3CIIPECCUPYIOT Ha CBOEI TTOBEPXHO-
cTU pelienTopbl TpaHcheppuHa (PTD), mosTomy ne-
KopupoBaHue MOB TpaHcheppTHOM B KadyecTBe JIN-
raHja 3TUX peleNTOPOB 00JIerdyaao TpaHCIIOPT TaKUX
MOB uepe3 'Db nyrem TpancuTo3a [91]. YcuneHue
skcripeccud PT® na BMECs ripu MHCY/IbTe CTUMY-
JIMPOBAJIO TlepeHOC BHKedhaMHA B MO3T C TTOMOIIbBIO
MBOB, niponukatoimx yepe3 I'Db [92]. ekoprupoBaH-
Hble (hosaToM MO B Takke HarpaBJIsSIOTCS B TapEHXUMY
Mo3sra yepe3 'Db 1mpm ygyacTum sHIOILIMTO3a, CBSI3BIBA-
sich ¢ aKcnpeccupyeMbiMu Ha BMECs I'Ob peuentopa-
Mu ¢oaureBoit kuciotel [60]. Hanenusanus nekap-
CTBeHHBIX cpenctB Ha DK I'Db MoXHO m10OUTHCA C
TMOMOIIIBIO TIOJTYYEHHBIX U3 ME3€HXUMaJIbHbIX CTBO-
JIOBBIX KJI€TOK MO B, MoauduiimpoBaHHbIX TITUKO-
nporerHoM Bupyca oemreHcTBa (RVG). Takue MOB
B3aMMOJEHCTBYIOT C pelleNTopaMu alleTUJIXOJIMHA,
MPUCYTCTBYIOLIMMHU Ha TToBepxHocTu DK I'Db [93].

Bce BrmIIreckazaHHoe ykKasbIBaeT Ha TO, 4yTo MOB
MPEACTaBIISIOT COO0M 3(PPEeKTUBHBIC IEPEHOCUUKU
HENPOTPOITHHIX (hapMaLleBTUYECKIX COSIMHEeHMIT OJ1a-
romapsi CHOCOOHOCTH IIPOHUKATh Yepe3 OMOoJIornde-
ckue 6apbephl (B ToM yucie 'Db). OnHako onTuMu-
3a1us Ipoliecca NocTyruieHust MO B B mapeHXuMy Mo3-
ra uyepe3 ['Ob saBnstercss HempocToii 3amadeii. YToObI
crtoco0cTBOBaTh Oosee 3PPeKTMBHOI nocTaBKke MOB B
MO3T C UCTTOJIb30BaHUEM TpaHCLIMTO3a, MO B mpuxo-
JIUTCS TTIOABEPraTh JOMOJTHUTEILHBIM YCOBEPIIICHCTBO-
BaHUSIM, MCITOJIBb3YSI METOIBI IIPSIMOM OMOXUMHUYIECKOM
niaun pr3ndeckoil MoguUKanum MeMOpaHHBIX ITO -
BEPXHOCTE!, a Takxke MOIU(PUKALMU C TTIOMOIIbLIO
TeHHOM WHXEHEPUU KJIETOK, IIPOayLIrpyommx MO B
[94—96].
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C IIOMOIIBIO METOIOB T€HHOI MHXEHEPUU MOXK-
HO co37aTh B KJIeTKax (haOpMKMU MO MPOU3BOACTBY
MO B 3apaHee CIpOEKTUPOBAHHOI KOHCTPYKIIMHU, Ja
elle K TOMY Xe Harpy>KeHHBIX OIIpeaeIEHHbBIMU OeJI-
kamu. Hanmpumep, mokaszaHa BO3MOXHOCTb JTOCTaB-
JISITh KOPOTKY10 uHTepdepupymouryto PHK (short in-
terfering PHK, siPHK) B Mo3r mbI11111 ¢ momolibio MO B
[97]. dns1 CHUKEHUSI MMMYHOT€HHOCTU MO B aBTOpBI
MoJIyvaan UX U3 JIeHAPUTHBIX KJIETOK TeX Xe XKUBOT-
HbIX. [1yTeM reHeTu4eCcKOro MHXKMHUPUHTA JOCTUTA-
JIach COBMECTHasI SKCITpeccHst MeMOpaHHOTO OeJiKa 9K-
3ocoM Lamp2b u nenrtuma HeilpoH-crielnpUIecKoro
IIMKoNpoTernHa Bupyca oemeHcTBa (Rabies Virus Gly-
coprotein (RVG)-peptide) B neHAPUTHBIX KJIETKaX.
3arem ounieHHble MOB Harpyxanu siPHK k cne-
HUOUIHON TSI KJIETOK TOJIOBHOTO MO3ra n30gopme
GAPDH (mmuuepansaerun-3 ¢gpocdar geruaporeHa-
3€) M BBOOWIN BHYTPUBEHHO, YTO IIPUBOIMIO K HOK-
IayHy criennpUIecKoro reHa 3Toro oenka. B pe3ynb-
TaTe JOCTUTaJIOCh 3HAYMTEILHOE CHUXKEHUE DKCIIpec-
cuu 6eta cekperassl BACE1 — TepamneBTUYeCKOM
MUIIIEH! TIpU MOJEINPOBaHUM BA y MbIIIeii.

Bbuoxumnyeckuit vHXUHUPUHT MOB, 10 cpaBHe-
HMIO C TECHETUYECKUM, MTPOILIE, ONlEPATUBHEE U HE TPE-
OyeT JOJTOBPpEMEHHBIX MOAV(UKALINI KJIETOK-TIPOIY-
1eHToB [89]. AkTuBHBIF RMT B MO3r MHULIMMpPOBa-
Jiv, MoauULIMpPys TOBEpXHOCTh DKC HECKOJbKUMU
onoxuMmn4YecKrMMu crnocodamu [98]. Iis aToit Lieau uc-
MOJb30BaJu, BYaCTHOCTHU, MenTua T7, COCOOHbIMI
B3anmMoeiicTBoBath ¢ PT®, He Hapyllast ero CBSI3H C
TpaHcdeppuHoM [91]. TTociae KOHBIOTMPOBAHUS MeETl-
tina T7 ¢ Lamp2b (0e1KkoM 3K30COMHOM MEMOpPAaHBI)
MoanUIINPpOBaAaHHBIE TAKUM o0pa3zoM MO B mocie
BHYTPHMBEHHOTO BBEJCHMS rOpas3io akTUBHEE, UYeM He-
MoAU(UIMPOBAHHBIC, JOCTUTAJIV KJIETOK BHYTpUYEC-
pernHoii mmobyiacToMbl y Kphic. s npyroro Buaa
RMT, ¢ yuactuem LDL-R, ucnons3osaiu MOB, me-
yeHbsiec APOB 1myTeM ero KOoHbIOTMpOBaHMS C TETpac-
nannHoM CD9, TpaHcMeMOpaHHBIM O€JIKOM, 3KC-
npeccupyeMbiM Ha MemOpaHe MOB [95]. g naeHTH-
dukaimu MO B, Kak CBSI3aHHBIX, TAK M HE CBSI3aHHBIX C
APOB (CD9 u CD9-APOB), ucrnonb3oBajiv, COOTBET-
CTBEHHO, (JTyopecLieHTHBIE 30HBI ¢ 3ejieHoi (DiD) n
rony6oii (DiO) dayopecuenumeit. Okazanoch, UTo
I10CJIe BHYTPUBEHHOIO BBEACHMSI B KOPE TOJIOBHOIO
MO3ra Mblllieii ”THTEeHCUBHO HaKalJuBalOTCS U -
TelIbHO yaepxuBaioTcss MOB CD9-APOB, Torma kak
MO B CD9 He oOHapyXuBaIOTCSI.

Ddusnyeckuii MHKUHUPUHT COXpaHSIET XUMUUE-
CKYIO CTAaOMJIBHOCTh ITOBEPXHOCTH MOTM(PUILIPYEMBIX
MOB, UCIOIB3Ys YIBTPa3BYK M 3JIEKTPOITOPALIAIO, KO-
TOpBIE CTUMYJIUPYIOT HATPY3KY 3TUX HAHOYACTUII TE-
paneBTUYECKMM MaTepUaioM M He U3MEHSIIOT UX O1O-
Jjornyeckux cBoicTs [99, 100]. B onHoit u3 paborT ¢ 1e-
JIbI0 ONTUMM3ALIMHY 1IeJIeHANpaBIeHHON JOCTaBKU B
MO3T HaHo4dacTullbl 30ji0Ta (AuNPs) KoMOMHUpOBa-
JIV C HEUPOH-OPUEHTHUPOBAHLIMU MO B, moydeHHBIMU
U3 TTOIBEPTHYTHIX TEeHETUYECKOM MHXXEHEPUU KJIETOK
Juanu HEK293T. Takue MogudulimpoBaHHbIE KOM-
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TJIEKCHI YCTIEIITHO CBSI3bIBAJINCH C KJIETKAMU MO3Ta in Vi-
fro 1 aKTUBHO TIpoHUKaJIM uyepe3 ' Ob, HakamuBasich B
MO3Ie MBI IT0CJIe BHYTpUBEHHOTO BBeneHus [101].

CrnemyeT OTMETUTh, 4TO0 MOB 13 Me3eHxuManb-
HBIX CTBOJIOBBIX 1 UMMYHHBIX KJIETOK MOTYT TIPOXO-
INTh cKkBO3b ' OB 1 6e3 MonuduKam nx IoBepxXHO-
cti. Tak, MOB 13 THITOKCUYECKOI KIIETOYHOM JIMHUN
mo6aactombl U887 cmocoOCTBYIOT nponuvdepaiuu
BMECs u BBI3BIBAIOT ITOBBHIIIEHNE MPOHUIIAEMO-
ctu I'OB, onocpeayemMoe COCyTUCTBIM SHAOTEIUAIIb-
HBEIM pocToBEIM (akTopoM-A (VEGF-A) Bcnen-
CTBUE YMEHbIIEHUS 3KCOPECCUU OEIKOB IMJIOTHBIX
MEXKJIETOUHBIX KOHTAKTOB KJIayaIuHa-5 U OKKIIO-
muHa [102]. Ilonararot, yTro MOB, HecyiIue TOJIBKO
OMpeleIeHHbI TTOBEPXHOCTHBIN OEJI0K MHTETrpuH,
npoHukaior yepe3 I'Db u acddexTruBHO BO3mEiicTBY-
10T Ha TKaHu omyxouu. [TokaszaHo nmepeceueHue 'Db
MOB, MomnduLMPOBaHHBIMUA 1LIEJAEBBIM MEOTUIOM
HeliponIMH- | -aprMHUH-IIMIAH-TITyTAMUHOBOM
kucaoroil (RGE) [103]. To ke moka3zaHO OTHOCHUTEJb-
HO Harpy:keHHbIX KypKyMUHOM MO B, KOHBIOrMpOBaH-
HBIX C ApTMHWI-TJMLAI-aCIaparuHOBOM KUCIOTOM
(RGD), mpu je4yeHMM UIIEMUM TOJIOBHOIO MO3ra
[104]. O6HapyxeHo, yTOo TeTpacimaHuH CD9 Ha 10-
BEpPXHOCTU MO B B3anMMOIENCTBYET C TTOBEPXHOCTHBIM
IJIMKOIIPOTEMHOM Ha KIIETKAX-MUIIEHSIX M CIOCO0-
CTBYeT CIUSTHIIO MO B ¢ KJ1eTouHO# MeMOpaHoii, yCKO-
psIsl IPSIMYIO LIMTO30JIbHYIO T0cTaBKy reHa [105]. Kpo-
Me TOTO, TIpeanoaraioT, 9to MOB, KoMmmapTMeHTaI-
3ysICh B MYJIbTUBE3UKYJISIPHbIC TeJIblia U TIePEMEIIAsICh
B HUX OT OJIHO# KJIETKM K IPYTOi, MOTYT IIPOXOIUTD Ye-
pe3 HecKoIbKO ypoBHeil 'Db [82, 106].

Bce ckazaHHoOe BbIlIe MOATBEPXKIAeT 0OOCHOBAH-
HOCTbH IIOIBITOK MCIIOAb30BaHUSI MOB B KauecTBe
TPaHCIIOPTHOTO CPECTBA HOBOTO MOKOJIeHUs. Bee uc-
clleOBaHHbIE Ha HACTOSIIMIA MOMEHT HaHOpa3Mep-
HbIE€ YaCTULILI (JIMTIOCOMBI, HAHOMUIIEJUIbI, HAaHOYA-
CTUIIBI METAJIJIOB U T.II.) ObLIM KaxKaasli B CBOE BpeMsI
OTJMYHBIMUA KaHIMAATaMM HA POJb IIEPEHOCYUKOB
JIeKapCTBEeHHBIX npenapatoB yepe3 'Ob. OmHako mo
pa3HBIM IIPUYMHAM pa3padoTKa 3TUX HAHOKaHAWIA -
TOB K MTOJTHOMACIITA0OHOMY IMPOPEIBY B 3TOI 0071aCTH
He npuBena. [lonbITKM HAWTM HOBBIE HEOOBIYHbBIE
CpencTBa JOCTABKM JIEKAPCTB B MO3T €111e ITPOI0JIKAIOT -
csl, HO, KaxkeTcsi, MOB crmocoOHBI TTOJIHOCTBIO YAOBJIE-
TBOPUTH BCE ITIOTPEOHOCTU B TPAHCIIOPTHHIX CPEACTBaX
THTIa KPOBb—MO3T. OTIIMIunTeIbHBIE KauecTBa MO B x0-
POILIO U3BECTHBI. DTU YaCTULIbI UMEIOT OMOJIOTMYECKOE
MIPOMCXOXACHME 1 HE BHI3bIBAIOT OTBETa MAaKpO(daroBs B
opranusMe. OHU colepkar Ha MeMOpaHe JIUTaHJIbI,
no3BosgmoLme ca3biBaTtbed ¢ DK I'DB. YHukannHbie
cBoiicTBa MOB, OKOHYATENILHO €lll¢ HEe BBISICHEHHBIE,
MO3BOJISIIOT MM IIPOXOIUTh CKBO3b ci1oii DK. Tak 4Tto
HE CTOUT YOUBJISITHCS, €CJIM B caMOe OJIvKaiilinee Bpe-
M4 MOABATCA JIEKAPCTBEHHBIC IIp€riapaTbl HA OCHOBE
WJIM C MCITOJIb30BaHrEM MO B B KauecTBe TpaHCIIOpTe-
POB B MOGSI. A CaMbI€ MOTHBMPOBAHHBLIEC OIITMMMUCTHI
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MOT'YT HAOCATbHCA, YTO TaKMEC ITPpCIiapaTbl OTKPOIOT HO-

BYIO 3py B JIeYeHUM 3a00JIeBaHMi1 TOJIOBHOTO MO3ra.

NCTOYHUK OMHAHCUPOBAHUA

PaGora nmoanepkaHa I'ocynapcTBEeHHBIMU 3adaHUSIMU

Wucturyra BHI u HO PAH u HayuHoro LieHTpa HeBpoO-
jnorun MuHoopHayku PO

COBJIIOJEHUWE 5TUYECKHUX HOPM

Kongpauxkm unmepecos. ABTOpBI 3asIBJSIIOT, YTO Y HUX
HeT KOH(MIMKTa UHTEPECOB.
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Outlooks of Using Small Extracellular Vesicles
as a Transport Vehicle through the Blood—Brain Barrier
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The review summarizes the results of recent studies on the mechanisms mediating the crossing by small ex-
tracellular vesicles through blood-brain barrier (BBB). The kinds of vesicular transport through the BBB, in-
cluding receptor-mediated and adsorptive-mediated transcytosis, are considered. The possibilities of opti-
mizing the penetration of vesicles into the parenchyma of the brain through the BBB are shown.

Keywords: blood-brain barrier, small extracellular vesicles, transcytosis, endothelial cells of brain vessels
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