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CTaTbs MOCSIIEHA ONITOTeHETUKE KaK METOY, TTO3BOJISTIONIEMY KJIETKaM OpraHu3Ma MproOpeTaTh CBETOUYB-
CTBUTEILHOCTH. KOpOTKO paccMaTprBaeTcst UICTOPHST BOSHUKHOBEHUS M PA3BUTHST ONITOTEHETHKU, 00CYKIa-
eTcsl e€ posib B U3yYeHUM KaK (PyHIaMEeHTATbHBIX MEXaHU3MOB PabOThI MO3Ta, TaK U B TOHUMaHUU MeXaHU3-
MOB pP$iia HEBPOJOTMYECKUX U TICUXMYECKHX 3a00JIeBaHIIA, B TOM YKCIIE CBSI3aHHBIX C TTOTEepeii MaMsITH.
ABTODHI YIEJISIOT MIPUCTATbHOE BHUMaHUE MepCIeKTUBaM KIIMHUTYECKOTO TPUMEHEHUST METOIOB OITOTe-
HETUKHU, B MEPBYIO ouepeab MPUMEHUTENbHO K odTambMojoruu. KinHu4Yeckre UCIbITaHUST ToKa3aiu
MPUHLIMITHATBHYIO BO3MOXHOCTH ONTOTEHETUYECKOTO MPOTE3UPOBAHMST “CIIENOi”™ CeTYaTKU U YACTUIHO-
IO BOCCTAHOBJICHUS 3pUTENIbHBIX DYHKIMIA. [IprBOASATCSA MTaHHBIE 06 OMHOM U3 YETHIPEX BEAYIIINXCS Ceii-
Yac yCeNTHbIX KITMHUYECKUX UcnbITaHuil. [Tonpo6HO 06cyXaaloTcsl YCIOBUS NalbHENIIIero pa3BUTHSI TEX-
HOJIOTUif ONITOT€HETUYECKOTO MTPOTE3UPOBAHUS “CIIETOi” ceTYaTKU Ha MOCIEAHNX CTaausIX HepoaereHe-
patuBHOTO TIporecca. OGCyXkmaeTcss BONPOC O THUIIE HEPBHBIX KIETOK IeTeHEpUpPYIOIIeil ceTyaTKU,
HauboJiee MePCIIeKTUBHBIX IS ONITOT€HETUYECKOTO MPOTEe3MPOBaHMSI. ABTOPHI MOJIAraloT, YTO TeHbI 3pH-
TeNbHBIX, G-0eJI0K-CBSI3BIBAIOIINX POJOIICUHOB (CKOpee Bcero KojbouekK), 3amycKamolme ¢hbepMeHTaTHB-
HBIN KacKaj YCUJIEHUsI CBETOBOTO CUTHAaIa, HanGoJiee MepCIeKTUBHBI TSI ONTOTeHETUYECKOTO ITPOTE3UPO-
BaHMs. [Ipu 5TOM He OTPUIIAETCS BO3MOXHOCTb MCITOJIb30BaHUsI TEHOB TeHHO-MOIMMUIIMPOBAHHBIX Ka-
HaJIbHBIX POJIOIICUHOB, KaK IMOKAa3bIBAIOT KIMHUYECKHUE UCITBITAHUS.
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OnrToreHeTka — 3TO METOH, KOTOPBIi MO3BOJISIET
KJIIETKaM OpraHm3Ma IIpuoOpeTaTh CBETOYYBCTBH-
TEJILHOCTb OJ1arojapsi JOCTaBKe B KJISTKM I'eHa CBETO-
YyBCTBUTENBHOTO OejiKa pogoncuHa. [1pn mornomie-
HHMU CBETa POOOIICUH, 3KCIIPECCUPOBAHHbBINA TEHOM U
BCTPOEHHBII B MEMOpaHy KJIETKH, yIIpaBiseT e€ pu-
3uoJIorn4eckoit akrtuBHocTthio. B 2010 1. Bemymue
MUMPOBbBIE XYpPHaJIbl Ha3BaJId OINTOIEHETUKY Iep-
CIIEKTUBHEWINET MEIUKO-O0MOIOTUYECKOI TEXHOIO-
rueii oynyiiero. CaMo e MOHSITUE U TEPMUH “ONTO-
TeHeTuKa” MOSIBUINCH 3a MIATH JIET 4O 3TOTO.

Ucrtokn onroreHeTnkn jexart B IleTepOyprckom
1 MOCKOBCKOM yHUBepcureTax. 160 jnet Hasam mpo-
deccop Cankr-IleTepOyprckoro yHuBepcurTeTa, u3-
BECTHBIM OoTaHUK akageMukK Anmapeit CepreeBud
®damuHLbIH (1835—1918) onucan ¢oroTakcuc y of-
HOKJIETOYHBIX 3€JIEHBIX BOIOPOCIIE, TO €CTh UX IBU-
raTefbHyIo peakiuio Ha cBeT [1]. B koHue 1970-x ro-
noB mpodeccop bronornmyeckoro daxkynprera MI'Y



OIITOTEHETHUKA

Dennke ®EnopoBrd JINTBUH U €T0 MOJIOABIE COTPY/I-
HUKU, 6paThs Ozer u Butanuit CuHeIEKOBBI, TOKa-
3aJI1, 9TO (POTOTAKCHCOM 3TUX OTHOKJIECTOYHBIX BO-
JIOPOCIIEld YIpaBJisieT CBETOUYYBCTBUTEIBHBIN OEI0K
pomonicuH [2]. Ux cTaThs ObLIa OITyOJIMKOBaHa B
KypHasie “Nature” 1 HUKaK He mpeaBelaa MosiBie-
HUE ONTOreHeTHKM. [1poluio em€ 4eTBepTh BeKa U B
Haugajye 2000-x rogoB B I'epMaHuUM TeH poOmOIICHMHA
3TUX BOJIOPOCIIE ObLI 3KCIIPECCUPOBAH B KYJILType
kireTok. OKa3ajaoch, YTO POIOIICMH paboTaeT Kak
CBETOAKTHUBUPYEMbIIA KATUOHHBINA KaHaJl, U OH ObLI
Ha3BaH KaranvHbim podoncunom (Channelrhodopsin) [3].
A em€ yepes mapy JeT, Tenepb ykKe B AMepuKe, reH
KaHaJIbHOIO POAOIICHMHA IKCIIPECCUPOBAIU B HEMPO-
HaX MO3Ta MBIIIH U II0Ka3aJii, YTO B OTBET HA CBET B
HMX BO3HUKAeT MMITYJIbCHAasA aKTMBHOCTb, TO €CTh
dusmosornyeckoe Bo3oyxnaeHue [4]. Tak poauiack
onmoeeHemuka, OCHOBaHHasI Ha TPEX KUTax — (PU-
3MO0JIOTMM, TeHHOM MHXKEHEPUU U CBETE.

Hanmo ckazath, 4TO HIOEI0 TOYEYHO YIIPABISATH
HelipoHaMU BIiepBbIe BhiCKasasl B 1979 1. ®peHcuc
Kpuk — onuH 13 pogoHavYaIbHUKOB MOJIEKYJISIPHOMN
ouonoruu. JIBamiaTh JIET CITyCTs OH HPEIJTOXIIT 1C-
MOJIB30BaTh IJISI 3TOTO cBeT. ONTOreHeTNKa IIpeBpa-
tuna uneo Kpuka B peasbHOCThb. biaromapst eii 3a
nocienaue 10—15 J1eT JOCTUTHYTHI ITOpa3uTeIbHbBIE
ycnexy B 9KCIePpUMEHTAIBHBIX MCCISIOBAHMSIX, OCO-
O0eHHO B HelipoOuoyioruu. OTKpPBHITEI paHee He U3-
BeCTHBIC (DYHKIIMKA HEMPOHOB MO3ra, OIMCAaHBI HO-
BbI€ HEIIPOHHBIC 1IEITM, CTAIM MOHSITHEEe MEXaHU3MbI
MaToreHes3a psija HEBPOJOTMYSCKUX U MCUXUYSCKUX
3200JIeBaHMI1, UTO MO3BOJISIET HAMETUTh HOBBIE ITyTU
nx jedeHus. C IIOMOIIBIO OIITOI€HETUKHN CTAHOBUTCS
BO3MOXKHOI1 HaIlpaBJIeHHasl SITUTeHEeTUUEeCKasl pery-
Jsuusi. B Oymoymem 3To MOXeT HailTu IpUMEHeHUe
B JICYCHUM TaKOro 3a0ojeBaHMsI, KaK MbIIIeYHAas
aucTpodusl.

Yrto KacaeTcs Helipogu3zuonoeuecKux 0CHO8 noge-
deHust, TO, HaIpUMEDP, Y MBILIE 1 KPBIC C TIOMOIIbIO
ONTOTreHEeTUKN MACHTU(PUIIMPOBAHEI HEMPOHBI, OT-
BeUalollIye 3a IIPUHSITUE OBEICHUYECKOrO PeIleHMs,
HEMpOHBI B TMIIOTAJIAMYCE MBIIIEH, KOHTPOJIUPYIO-
e arpeccuio. B rmociaenHee BpeMs yCIIeIIHO pa3pa-
0aThIBAIOTCSl ONTOI€HETMYECKUE IMOOXOAbI K MCCle-
JIOBaHUIO HEHPODU3NOJIOTNYSCKUX MEXaHU3MOB M0~
BEIEHUSI HE TOJILKO y TPbI3YHOB, HO M y IIPUMATOB,
CKaxeM, Yy Makak-pesycoB [5]. MMHaue roBops, OT-
KpbIBAIOTCS MEPCIIEKTUBbLI M3yYeHUSI Ha XXUBOTHOM
MOJEJIN C XOPOIIIO Pa3BUTHIM MO3IOM CJIOKHOTO CEH-
COPHOTO, MOTOPHOIO Y KOTHUTMBHOTO IOBEICHMSI.
BrieuaTisroliye pe3yabTaThl IOJYyYEHBl ¢ TOMOIIbIO
ONTOTEHETUKM IIPU U3YYCHUUN MEXAHU3MO8 NaAMSAMU —
3allOMMHaHUS U BcnoMuHaHus. CTaHOBUTCS BCE MO-
HsITHEEe, KaK UMEHHO 00pa3yeTcsl MaMsITb — KpaTKO-
CpoYHasl U JOJITOCpOYHasl, KaK MO3T XpaHUT MHMOp-
Maluio, Kakre BOCIIOMUHAHMSI OCTaHYTCs HAagoJro, a
KaKue VCYE3HYT, KaK YKPEIUTh ITaMsTh, KaK BOCCTa-
HOBUTH paboOTy Mo3ra mocjie 0ojie3HM (MHCYJIbTA)
uiau TpaBMbl. ONTOreHeTUKA ITO3BOJINIIAa BU3YaIU3U-
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pOBaTh 3Hepammbl — Cienbl B Mo3Te. Peub nagT o Hei-
POHHBIX LIETISIX, KOTOPBIe BOZHUKAIOT IpU hOpMUpPO-
BaHMU IaMSITU WJIM KOTOPhIE PEaKTUBUPYIOTCS TIPU
W3BJIeYeHUM MH(OpPMALIMKM U3 MaMSITH, TO €CTh IIpHU
BocnnoMuHaHUU. C TOMOUIbIO ONTOT€HETUYECKUX
METOJOB 0Ka3aJIOCh BO3MOXHBIM aKTUBUPOBATh TE
WIA WHBbIE HEMPOHBI, OTKIIOYATh WM 3aIlyCKaTb
onpeneJEHHbIe YHIpaMMbl — BITOJIHE KOHKPETHBIE
CEeTU HEMPOHOB, MHBIMHU CJIOBAaMU, IPOU3BOJIBHO BbI-
3bIBaTh BOCIIOMUHAHUS, KaK 3TO HU YIMBUTEIBHO.
B skcrniepuMeHTe moka3aHo, YTO IMTPU UCKYCCTBEHHOM
aKTUBAlLIMK OIIPEASIIEHHOI SHIpaMMBbl MBILIb 3aMU-
paeT, TO €CTb HNPOSIBISIET TUINYHYIO IJIs He€ IT0oBe-
JIEHYECKYIO peaKIlIMI0 Ha OITaCHOCTb.

Ha HenaBHeli, yxXe TpeTheit 1o cuéTy, KoHphepeH-
1IMM No onToreHeTvke B IlerepOypre ObLIM Tpen-
CTaBJIEHbl JTaHHbIE, COMIACHO KOTOPbIM 3HIPaAMMBbI
3allOMMHaHUS TepeTeKaloT B DHIPaAMMBbl XpaHEHUS
MaMsITU, OTKyJda BOCIOMUHAHUSI MOTYT OBbITb U3BJie-
yeHbl. Heckonbko JieT ToMy Haszaj OMmyOJMKOBaHbI
pe3yabTaThl MOPa3UTEIbHOIO MCCIIEAOBAaHUSI, aBTO-
paM KOTOPOTO yIaJIOCh CO3[AaTh Y MbIIIEH MOJIHOCThIO
HUCKYCCTBEHHYIO naMsTh [6]. OCHOBbIBagCh Ha TEX-
HOJIOTUU (OPMUPOBAHUS U HUCCIEOOBAHUS YCIIOB-
HbIX pedekcoB M.I1. TTaBnoBa, aBTOpbl 3aMEHWIN
€CTECTBEHHbII yCcJIOBHOPEMIEKTOPHBIN CUTrHa (3a-
1ax) Ha OITOT€HETUYECKYIO0 CTUMYJISILIMIO OIpeae-
JIEHHOTO OOOHSTEIBHOTO KIIyOOUKa B OOOHSITETbHOMN
JIYKOBUILIE, @ €CTECTBEHHBbII 0€3yCNOBHbIN CUTHAT —
Ha OIITOTCHETUYECKYIO CTHUMYJISIIUIO KOHKPETHOM
00J1acTu MoO3ra, OTBETCTBEHHOI 3a co3gaHue JIMOo
YyBCTBa OTBpallleHUs], JMOO HaciaxneHus. bbuio
I0Ka3aHO, YTO M UCKYCCTBEHHAasl, U €CTeCTBEHHasl
MaMsITh 00eCcreYnBaeTCsl OMHUMU U TEMU Xe HEPB-
HbIMU HensMu (3Hrpammamu). MMHade roBopsi, uc-
T0JIb3YsI ONITOT€HETUYECKUE METOMIbI, Y 9KCIIEPUMEH -
TaJlbHbIX XXMBOTHBIX (MBbILIEl) ynanoch co3aaTh mna-
MSITb B OTCYTCTBME KaK TaKOBOIO €CTECTBEHHOTIO
COOBITHS (MJIM CUTHAJIa), KOTOpPOe Haao ObLIO ObI 3a-
TMTOMHUTb.

Ceityac ONTOreHeTHKa UrpaeT KIoUeBYIO POJIb He
TONBKO B M3yYeHUM (PyHIAMEHTAIBHBIX Helpodu-
3MO0JIOTMYECKMX MEXaHU3MOB pabOThl MO3ra, HO U B
MOHUMAHUK MEXaHM3MOB HEBPOJOTMUECKUX U TICHU-
XWYECKUX 3a00JIeBaHUl, B TOM YHCJIE CBSI3aHHBIX C
MoTepeii MaMsITH UM ¢ 0O0pa3oBaHUEM MaTOJIOTHUYE-
CKoOM mamsITu. B mepBoM citydae peuyb UOET O ITaTore-
He3e ¥ BOBMOXKHBIX ITyTSIX JISUSHUST O0JIe3HU ANbIITeii-
Mepa, BO BTOPOM — O HapKOMaHWM, KOTOPYIO CIiela-
JINCThI PACCMATPUBAIOT KAaK aHOMAJBLHBIN IpOLIeCC
obyuyenusa 1 maMmsatu. OO0Hapy:KeHne HeHpOHHBIX ce-
Teii, OTBeYalolMX 3a MNaToJOrMYyecKue oOydeHUe U
MaMsITh, 1 BO3MOXHOE BMEIIATEILCTBO B UX PaboOTy
OTKpPBIBAET MEPCIEKTUBY JIeUSHUSI HAPKOMAaHUU.

HecoMHeHHBIE yCIleXd AOCTUTHYTHI B MOHUMaA-
HUM MaToreHe3a U IIyTell JIedeHUs psama TSKEIBIX
HEBPOJIOTMYECKUX 3abojieBaHmil. OmHa U3 CaMbIX
pacIpocTpaHéHHBIX HelipoaereHepaTuBHbBIX IATOJIO-
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ruit — 6one3nb IlapkuHCOHA, XpOHMYECKass M ITOKa
He TIoJIaoiasics JiedeHuo. PaboTkl mocaeaHux JieT
Ha MOJEJIbHBIX XWBOTHBIX CBUACTEILCTBYIOT, YTO
ONTOreHEeTUYECKasI CTUMYJISIIINS O peaeIEHHBIX TITy-
OMHHBIX OTAEJIOB MO3Tra MPUBOAUT K MCUE3HOBEHUIO
MOTOPHBIX CHUMITOMOB OoJie3Hu IlapkumHcoHa. B
MEPCIIEKTUBE 3TO IIyTh K OOJIETYCHUIO 1 JaxKe Jeue-
HHUIO 3TOTO TSDKEJIEHIero paccrpoiicrsa. dpyrum
HEBPOJIOTUYECKUM 3a00JIeBaHUEM, IS MCCICOOBaA-
HUST MEXaHNU3MOB KOTOPOTO M JIeUCHMSI IEPCIIEKTUB-
Ha ONTOreHeTuKa, sBiisieTcs anuiercus. Ceityac mo
30% mauneHTOB HEBOCIIPUUMYUBEI K IIPaKTUKYe-
MBIM cItocob0am e€ jedeHust. CTpyKTypbl MO3Tra, Me-
XaHU3MbI U HEMPOHHBIE LIS, OTBETCTBEHHbIE 3a CYy-
JIOpPOXHEIE MPUIIAAKU, B HACTOsIIIee BpeMs HOCTa-
TOYHO XOPOIIO U3BeCTHHI. [103TOMY BMEIIaTEIbCTBO
B pabOTy COOTBETCTBYIOLINX HEHPOHHBIX LIETICH, UX
PETYIISILUS C IOMOIIBIO ONTOT€HETUYECKIUX TEXHOJIO-
ruii 3pheXTUBHO MpeKpamamT >SIUIeHTHIeCKAA
MPUIIAI0K, KaK 3TO MHOTOKpPaTHO IMMOKa3aHO Ha 3KC-
IICpUMECHTAJIbHBIX JXWBOTHBIX. BIlojiHe peanbHas
BO3MOXKHOCTh KJIMHUYECKOIO IPUMEHEHUST COOTBET-
CTBYIOLIIMX METOMIOB TakKxKe oOcyxKmajach Ha KOHQe-
peruuu B IletepOypre. EmgE€ omHO Ype3BbIYATHO
BaxKHOE HalIpaBJieHHE, B U3YyIEHUM KOTOPOIO ONTO-
FeHEeTUKa CTAaHOBUTCS OMHOM U3 BEIYIIMX METOIUK, —
3TO Aernpeccus 1 6oib. K HacToseMy BpeMeH! Ha-
KOILIEHBI BaXKHEHIIIME TaHHbIC, KaCaIOILIecss HEMpo-
GU3UONIOTUYECKUX MEXaHU3MOB Pa3IMUYHBLIX (HOPM
KaK JEIPeCcCrH, TaK 1 00N, B OCOOEHHOCTA MUTPEHH.

CBUIIETEIBCTBOM BCE BO3pacTarolleil pojau ONnTo-
TeHETUKU B PA3JIMYHBIX 00JaCTSX 9KCIIEpUMEHTAb-
HBIX U, OyieM HaJesaThCsl, KIMHUYECKUX UCCeoBa-
Huii ctajo co3gaHue B 2020 r. copoka msThio Jlabopa-
TOPUSIMM  Mupa 0a3bl JaHHBIX CYILIECTBYIOILIMNX
OINTOreHeTu4YeCKux pecypcoB. Kak mnokasbiBaer
MpakTHUKa, 3Ta 6a3a oKazajaach UCKIIOYUTEIHHO BOC-
TpeOOBaHHOIA.

CrenyeTt UMeTb B BULY, UTO JIJIsl peaIbHbIX KIIMHU-
YeCKMX NPUMEHEHUI ONTOTeHeTUYECKUX METOIOB B
HEBPOJIOTUHU, ICUXUATPUU MJIU TePallui BHYTPEHHUX
OpPraHOB €CTh OJHO CYIIECTBEHHOE MpPEMsSTCTBUE —
HeoOXOOUMOCTh JOCTAaBKM CBETa K HEMpOHAM MO3Ta
WIN KJIeTKaM BHYTPEHHUX OpraHoB. Beab He cTaHeT
Ke XUpPYpr JIejlaTh OTBEpCTUE B ueperie IalMeHTa,
4TOOBI BCTaBUTh B HETO CBETOBO/I I OCBEIATh KJIETKU
mo3ra! ITosToMy Bo MHOTHX J1Ta00OpaTOpUSIX MUpa Be-
JIYyTCS aKTUBHBIE ITOMCKM HEMHBAa3UBHBIX METOHOB
BO3ICUCTBUS Ha ONITOTEHETUYECKHU “IIPOTE3UPOBAH-
Hble” KJIeTKH. K TaKuM MeToaaM OTHOCSITCS TEILIO U
c(OKyCUpPOBaHHbIH yJIbTpa3ByK. OOCYKIEHUIO 3TOTO
HampapJICHUS 10 0OIIM Ha3BaHUEM mepMo2eHemu -
Ka yIOeasaoCh OOBOJILHO OOJIbIIOC BHUMaHHME Ha
TpeThel onToreHeTU4YeCcKoit KoHdepeHuuu B [Tetep-
oypre. Peun 111a 0 crmoco6ax ynpasiieHus (IToKa 4TO
Yy 9KCHEPUMEHTAIbHBIX >KMBOTHBIX) AKTMBHOCTBLIO
MO3ra, cepJe4YHbIM PUTMOM, BHIOPOCOM MHCYJIMHA U3
MOIKETYTOYHOM Kene3bl. J1o KIIMHNYeCKNX UCIThITa-
HHUU TEPMOTEHETHKE ITIPESACTOUT IIPOUTU eIIe Io-
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BOJIbHO OOJIBIION IIYyThb, HO HaJACXIa Ha yCIICX BECbMa
BEJIMKa.

PeanbHoI 06/1aCThI0 KIIMHUYECKUX TIPUMEHEHUIA
METOJIOB OINITOTEHETUKU YK€ CETOJHS SIBIsIETCS O(-
TanbMojiorus. JleicTBUTEIbHO, CBET CaMbIM €CTe-
CTBEHHBLIM 00pa30M JOXOIUT IO CETYATKU Iv1a3a. B To
XK€ BpeMsI TIOTPEOHOCTh B BOCCTAHOBJICHUY 3PEHUS Y
MalEeHTOB, MOJHOCTBIO WJIM IIPAKTUUECKU CJIETIBIX,
HWCKJIIOUUTEIFHO BEJIMKA U IIPOJOJIKAET pPacTU, IO-
CKOJIbKY HaceJIeHre MUPa U yBEJIUYMBAETCS, U cTape-
er. Ilo manHbBIM XypHana “Lancet” 3a 2017 1. oKoso
40 MJTH YeJIOBEK CYUTAIOTCI cielbiIMU, a K 2050 .,
Kak mpearoJiaraeTcsi, 3TO YMUCIO MOXET TOCTUYb
60 mu1H. Ha noso HeliponereHepaTUBHBIX 3a00j1eBa-
HUI ceTYaTKU, B IIEPBYIO OYepelb BO3PACTHOI MaKy-
JIIPHOI JereHepaliuu, TIPUXOAUTCSI OKOJIO YETBEPTHU
clienbIxX Joaeii. BaxkHo moHMMATh, YTO TIPU OOJIb-
IIMHCTBE HelipomereHepaTUBHBIX 3a00JI€BaHUI CET-
YyaTKu, HE3aBUCUMO OT MX (DOPMbI, MMOTUOAIOT 3pU-
TeJIbHbIE KJIETKM — CHavaJia MajJlouku, a 3aTeM 1 KOJI-
6ouku. Ho mpu 3TOM B ceTyaTKe KakK “4acTd MO3Ta,
MmoMeuEHHO# B 11a3” (1o OIpenesIeHUI0 BEJTMKOTo
ncraHckoro rucrtojiora C. Pamon-u-Kaxans) coxpa-
HSIIOTCSI YaCTUYHO WJIM JakKe ITOJTHOCTBIO HEIOBpe-
XKIEHHBIMU €€ HEpBHBIE, HECBETOUYYBCTBUTECIBbHBIC
KJIeTKU. MUMEHHO TO 00CTOSITENbCTBO, YTO TAHTJIMO3-
HBIE KJIETKM CETYaTKN — €& “BBIXOOHBIE” HEWPOHHI,
MOChUIAIOIINE IO CBOUM IJIMHHBLIM OTPOCTKaM (aK-
COHaM) MH(OpPMALIMIO B MO3T, OCTAIOTCS AEECIIOCO0-
HBIMHU, CTaJI0O OCHOBOI1 3/1eKMPOHH020 NPOMEe3UpPOsa-
Hus 3penus. VIMIUIaHTaUsI 3JIEKTPOHHBIX UYWIIOB B
“ciernylo” ceTdyaTKy IO3BOJISIET YaCTUYHO BO3Bpa-
1IaTh ITAlIMeHTaM 3pEHIE: pa3IndaTh KPYIHbIE TIpe/-
METBI, JaxKe OYKBBI, OPUEHTUPOBAThCS B MPOCTPAH-
CTBe. 3a ImocjaeaHue NpuMepHo 15 et mo 3ToMy BO-
MpoCy HaKoNmiIach o0IIMpHas aureparypa. OnHako
MIEPCIIEKTUBBI 3JICKTPOHHOIO IIPOTE3MPOBAHUS CET-
YaTKU OCTAlOTCSI HE CIMIIKOM panyXHbIMU. Jleao B
TOM, UTO HEU30EXKHBIM CJICACTBUEM TaKOTO IIPOTE3U -
pOBaHUSI CTAHOBUTCS 3apacTaHUME MeCTa KOHTaKTa
YUIla ¢ HEMpOHAMU IIMAJIbHBIX KJIeTOK. B pesynbrare
CJIOXKHASI ¥ BeChbMa IOPOroCTOSIIas oIlepanus Yepes
roI-moJjTopa CTaHOBUTCS Oecroie3Hoi. OCHOBHAs
Ke WISl ONMO2eHemu4ecKo20 npome3upo8anus cem-
Yamku COCTOUT HE B TOM, YTOOBbI C IIOMOIIbIO YKIIa
BO30YyXIaTh HEPBHBIC KJIETKM, & B TOM, YTOOBI Mpe-
BpPaTUTh COXPAHUBIIMECS B XOIE IereHepaTUBHOIO
Ipoliecca HEpBHbIE KJIETKM B CBETOUYBCTBUTEIbLHBIC
(ncesmodoTopeuentopsl). MMeHHO mOTOMY, 4YTO
CBET uepe3 OITUYECKYIO CHUCTEeMY Ila3a eCTECTBEH-
HbIM oOpa3oMm (poKycupyeTcsl Ha ceTdyaTKe U 4TO
HEepBHBIE KJIETKM IeTeHEPaTUBHOM CETYATKM OCTAIOT -
¢ “3m10pOBBIMH” (BOIIPOC, HACKOJILKO 3I0POBEIMU,
MO-TIPEXHEMY NUCKYCCUOHHBII), MPaKTUYECKHU Cpa-
3y IIOCJIE MOSIBJICHUST ONITOreHETUKM KaK MeToIa Ha-
YaJIMCh UCCICAOBAHMS 110 ONTOT€HETUYECKOMY IIPO-
Te3UPOBaHUIO HelpolereHepaTUBHON  CceTYaTKU.
I1epBas Takast pabora 6bl1a onyonrkoBaHa B 2006 1.,
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3a Hell ImocieaoBain paboThl MHOTUX JJabopaTopuii
mupa [7].

OcTaHOBUMCS Ha COCTOSTHUM OIITOT€HETUYECKOTO
MPOTE3UPOBAHUSI HEMPOJEreHEPATUBHOMN CETUATKU B
HacTosIee BpeMsi. BaxXHEUIIIMM COOBITMEM B 3TOM
00J1aCTH CTAJI0O MPOBEICHME YETBIPEX HE3aBUCUMBIX
KJIMHUYECKUX UCITbITaHuii. OOHO U3 HUX, caMoe, TT0-
BUIVMOMY, YCIIEIIIHOE, IPUYEM O HEM MMEETCS JO-
CTaTOYHO TToTHas MH(opManus, BEINOJIHEHO (ppaH-
Ko-1Beinapckoil rpymmoit [8]. IlanueHTy, mojaHO-
CThIO ociernemMy 6ojee 10 jeT Ha3am, ymajaoch 4a-
CTUYHO BOCCTAaHOBUTH 3peHne. CaM OH OCO3HAaJI 3TO
BO BpeMsI IPOTYJIKM, KOTA ITOHSIJT, YTO MOXKET pa3in-
yaTh OeJIble IOJI0Chl Ha IIEIIEXOTHOM IIepexoe, a 3a-
TeM “OH CMOT YBUIEThb TapelKM, KPYKKH, TeJIedoH,
MpeaMeThl MeOeIu B KOMHATe, IBEPU B KOPUIOPE, HO
TOJILKO IIPY MUCIHOJb30BaHMM O4KOB”. K oykamM MbI
ele BepHEMCSI, HO IPUHIMIHUAIBHO BaXXHO, UYTO 3TO
TEPBbINA 3apETUCTPUPOBAHHBIN Clydail YaCTUYHOTO
BOCCTAHOBJICHUsI 3pEHUS IIpU HelipoaereHepaTUB-
HOM 3a00JIeBaHMU B pe3yJIbTaTe OITOI€HETUYECKOM
tepanuu. OgHaKO, HECMOTPSI Ha TO, UTO B ITOCTIEAHNE
roabl yCIIeXy TeHHOM Tepanny HEKOTOPhIX Heilpoe-
TeHEepaTUBHBIX 3a00JIeBaHUII CEeTYATKM BIIEYATSIIO-
1Y€, MHOTHE U3 TAKUX HETYTOB HE MOTYT OBITh U3Jie-
YeHbI 3TUM METOIOM, IOCKOJILKY IIPUIMNHOM, HAIIpU-
MEp NHUIMEHTHOTO PETUHMTA, HEPEIKO SBIISTIOTCS
MYTall HECKOJBKUX ASCSATKOB pa3HbIX reHoB. “Mc-
IpaBjieHue” Xe TaKOro KOoJu4ecTBa Ne(eKTHHIX Te-
HOB METOIaMM T€HHOM TepaIinu Bpsiz I BO3MOXHO.

HoiiTu 10 KJIMHUYECKUX MUCIBITAHWUI OINTOreHe-
TUYECKOTO MPOTE3UPOBAHUS 3PEHUS CTAIIO BO3MOX-
HbIM OJiarogapsi GOJIbIIIOMY MAacCCHUBY 3KCHEPUMEH-
TaJIbHBIX JAHHBIX, MTOJYYEHHBIX B OCHOBHOM Ha HO-
KayTHBIX MbIIIIaX, a TAKXe Ha co0aKax 1 Mpumarax, ¢
¢eHOTUIIOM MUTMEHTHOTO peTuHMTa. M3 coBOKyTI-
HOCTM BCEX 3TUX JAHHBIX CIEI0BAJIO, YTO JIJIs1 JOCTaBKU
reHa CBeTOYYBCTBUTEILHOIO O€JIKa pOIOTICMHA K HEPB-
HbIM KJIETKaM CeTYaTKM HauboJjee IpUueMIeMbIM
BEKTOPOM SIBJISIETCSI aIeHO-aCCOLIMUPOBAHHBIN BU-
pyc. OH JaBHO U IIMPOKO UCTIOIB3YETCS B KIIMHUKE U
ISl TeHHOI Tepanuy pas3udHbIX 3a00JIeBaHUIA, U B
cocTaBe MPOTUBOBUPYCHBIX BaKIIWH Kak 3(pheKTuB-
HBIN 1 6e30ITacHBIN BeKTop. Ero HemocTaToK — He-
OoJibLIasi EMKOCTb BUPYCHOIO Karicuaa, HO MOCKOJIb-
Ky T€Hbl ONICMHOB (CBETOYYBCTBUTEJIbHbIE PELENTO-
pbl) CPAaBHUTEJBHO MaJibl, TO 3TOT HEJOCTATOK MOKa
YTO HE MPENsITCTBYET ONTOTCHETUYECKOMY MPOTE31-
poBaHMIo. B xone aKkcnepuMeHTaIbHBIX PadoT TMOJTy-
YeHbl MOAU(UIIMPOBAHHbBIE CEPOTUIIbI aIEHO-ACCOLIU -
WPOBAHHBIX BUPYCOB, 00JanaoIIe TMOBbIIEHHBIM
CPOIICTBOM K HElpOHaM CeTYaTKU MOJIEIbHBIX KMBOT-
HbIX. {7151 TOCTaBKH € FTeHOB OTICMHA B KJIETKU JIETeHEe-
paTUBHOI ceTYaTKM 4YesjoBeKa ObLUIM pa3paboTaHbl
creluralibHble COUeTaHUSsI CEPOTUIIA aJeHO-aCCOLIUM -
poBaHHOTO Bupyca AAV2 u ripomoTtopa. B ynomsaHy-
Tolt paboTe (hpaHKO-ILIBEHIIAPCKOI IPYMITHI UCITOJIb-
30BaJICI MMEHHO “4YejioBedeckmii” ceporum 2.7m8
aJIeHO-aCCOLIMMPOBAHHOIO BUPYCHOTO BEKTOpa, He-
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CyLIEro TeH MOoAU(ULIMPOBAHHOIO KAHAJBHOIO PO-
poricuHa ChrimsonR-tdTomatol3 u mnpomoTtopa
CAG (AAV2.7m8-CAG-ChrimsonR-tdTomato).

Kak yxe ObIJIO CKa3aHO BBIIIE, UMEHHO KaHajlb-
HBI1 POOOIICUH 3€JIEHBIX BOIOPOCIIECH ITOPOAII OIITO-
reHeTnky. PasmuaHble TreHHO-MOAu(pUINPOBaHHBIC
KaHaJIbHbIE POAOIICUHBI M ceiiuyac ciy:KaT MHCTPY-
MEHTAaMH MJIs TOYTH BCEX ODKCIIEPUMEHTAbHBIX
WCCIeO0BaHUM. Y KaHAJIbHBIX POJOIICMHOB KaK CBe-
TOYYBCTBUTEBHBIX WHCTPYMEHTOB OIITOT€HETUKHU
Macca mpeumyinecTB. C HMMHU BBIIIOJHEHO OOJIb-
LIIMHCTBO 3KCIIEPUMEHTAJIbHBIX PA0OT Ha MOJEIbHBIX
KMBOTHBIX II0 OIITOI€HETUYECKOMY IIPOTE3MpOBa-
HUIO JereHepaTUBHOI ceTyaTku. Bo Bcex 4eThIpéx
BEOYIIUXCS ceiiyac KIIMHMYECKUX WCITBITAHUSIX MC-
MOJIL3YIOTCSI TeHHO-MOAU(MDULIMPOBAaHHbLIE KaHajlb-
HEIe poIoIlicuHbl. B padoTe (ppaHKO-IIBeiiiapcKoii
TPYMIIbI T€H MOIU(UIIMPOBAHHOTO KaHAJIbHOIO PO-
nporicuHa ChrimsonR-tdTomato13 — 310 BCE TOT ke
TeHHO-UHXEHEPHO-MOIU(ULIMPOBAHHBIN KaHATbHBIN
POIOIICHH, CIIEKTP MOIJIOIIEHHS KOTOPOI'O CABUHYT B
JUIMHHOBOJIHOBYIO, KpacHy1o, obyiactb. CaeaTh 3TO
OBLIO HEOOXOAMMO IIOTOMY, UTO C TOYKM 3pEHUSI CBE-
TOBOTO IIOBPEXASHMS CETYATKM KPACHBI CBET HaU-
MeHee oraceH. “Kiaccuueckuii” ke KaHaJIbHBIN po-
JIOTICHH IIOIJIOIIAET CBET B CHMHEiT 00J1acTU CIIeKTpa, a
CUHUI CBET, 0COOCHHO SIpKMIii, OMaCeH, OH JIETKO I10-
BpeXIaeT CeTUYATKY. XOPOILO U3BECTHO, YTO CeTYaT-
Ka Ype3BbIYailHO YYBCTBUTEIbHA K (hOTOIIOBPEKIC-
HUIO, IIPUIEM UMEHHO B (DMOJIETOBO-CHMHEN 001aCTH
crekTpa. OqHaKO CMECTUTh CIIEKTP ITOIIOILIEHUS Ka-
HaJIbHOTO POJOIICHHA B KpacHYIO 00JIaCTh OKa3aJIOCh
HEIOCTAaTOYHBIM. I TOro 4TOOBI MAaIMEHT CMOT
YTO-TO YBHUIETh, MOHAZOOMJINCH “0Ouku”. BoT uto
IMUIITYT aBTOPEL: “Y CIIEIOro manueHTa Mbl OObear-
HWIM BHYTPUIJIA3HYI0 MHBEKIIMIO aAeHO-aCCOLUM-
POBAaHHOI'O BHPYCHOTO BEKTOpa, COJEepKallero
ChrimsonR (reHHO-MHXXEHEPHBIII MOIU(MUILIMPOBaH-
HBI1 BapMaHT KaHAJILHOTO POIONCHHA2), CO CBETO-
BOM CTUMYJISILIMEN C TIOMOLIBIO CIIELIMATIbHBIX CBETO-
CTUMYJIMPYIOIINX OYKOB”. IHBIMU CcJTOBaMHM, ITALIMEHT
OBUI CHAOXKEH CIOKHBIM ONITUYECKIM YCTPOICTBOM C
BUIEOKAMEPOIi CHAPYKU U IPOEKTOPOM BHYTPU, BbI-
MOJHEHHBIM B Bue “oukoB”. be3 takux “oukoB” oH
HUYETro He BUAEI, IOTOMY UYTO KaHaJIbHBIE POIOIICH-
HBI MaJI0 YyBCTBUTEIbHEI K ¢cBeTy. YTOOBI (pu3noio-
TMYeCKr BO30YIUTH WJIM 3aTOPMO3UTH IIPOTE3UPO-
BaHHYIO KaHAJbHBIM POHOIICMHOM KJIETKY, HYXKHO
JaTh NOBOJBHO SIpKuUit cBeT. OMHAKO eclIM IJIsT Heli-
POHOB MO3ra 3TO HE CTOJIb CTPAIIHO, TO IJISI CETYaTKH
KpaiiHe onacHo. OcBelas CIUIIKOM SIPKO, €€ MOXXHO
TTOBPEAUTD.

Kaxkue ke TpeboBaHNS TOIKHBI TPEABIBISITHCI K
POIOIICUHY KaK MHCTPYMEHTY JISI OIITOTeHEeTUYe-
CKOTO MpPOTE3UPOBAHUS IeTeHEPATUBHOM ceTYaTKU?
B ux uuciie BbICOKasi CBETOUYBCTBUTEILHOCTD U BbI-
CcoKasl CKOPOCTb (pOTOOTBETA; MUHUMAILHBII PUCK
(GOTOTOKCUYHOCTM UM MUHUMAaIbHAsT WMMYHOI€H-
HOCTh. BceM 3TMM TpeboBaHMSIM OTBeYaeT HE Ka-
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HaJILHBIM POIOIICUH M3 BOHOPOCJEH, a €CTeCTBEH-
HBIIi 3pUTEIbHBINA POAOIICUH MajloueK M KOJIOOYeK
cetyaTKu Ia3a. CyTb pa3inyusi MEXAY €CTECTBEH-
HBIM 3pUTEIBHBIM POIOIICMHOM I1aJI0YeK 1 KOI00YeK
U KaHaJIbHBIM POIOIICMHOM COCTOUT B YPOBHE J€TIO-
Jsipu3aluu (Bo30yXKIEHUS) TIPOTE3UPOBAHHON UMU
KJIETKH B OTBET Ha ITOTVIOIIEHHBIN KBaHT cBeTa. OnuH
KBaHT CBeTa, IOTJIOIIEHHBIN OMTHOM MOJIEKYION Ka-
HaJILHOTO POJOIICMHA, OTKPBIBAET OOUH KaHaJl, 4e-
pe3 KOTOpBIii BHYTPh KJIETKM IOCTYMNAIOT MOHBI Ha-
Tpus. OOUH Xe KBaHT CBETa, IMOTJOMIEHHBIN OTHOMN
MOJICKYJIO 3PpUTEIBHOrO POJOICUHA, AKTUBUPYET
¢epMeHTAaTUBHBIN KacKal yCUJICHHUS, U Pe3yJIbTaTOM
CTAaHOBUTCSI OTKPBITE MHOTUX MOHHBIX KAHAJIOB; Ye-
p€3 HUX BHYTPb KJIETKM ITOCTYIIaeT Topa3no OOJIbIIe
MOHOB HaTpus. JIpyrumMu ciioBaMu, ypOBEHbB ICIIOSI -
pusanuu (BO30YyXICHMS) IIPOTE3UPOBAHHON 3pU-
TEJIbHBIM POJOIICMHOM KJIETKM JeTeHepaTUBHOM CeT-
YyaTKW B OTBET Ha IOIJIOIIEHHBIM KBAaHT CBETa BO
MHOTO pa3 0OoJIbllIe, TO €CTh €€ YYBCTBUTEIILHOCTh K
CBETy ropasio BbIllle. A 3HAYUT, He HyXKHbI HUKaK1e
“ogkm”. Pacuy€Thl TOKa3BIBAIOT, YTO €CJIN ITOPOTOBast
YyBCTBUTEJIBHOCTh KaHaJIbHOIO pOJIOIICMHA paBHA
1013—10" kBaHTOB/CM?/CEK, TO IOPOTOBAs YyBCTBU-
TENBHOCTD 3pUTeNbHOro ponorncruHa 101'—10'% kpan-
ToB/cM?/ceK. TakuM 00pa3oM, YyBCTBUTEJIHLHOCTb
MIPOTE3UPYEMOI KIETKM CETYaTKU K CBETY B Cllydae
3pUTEJILHOTO POAOIICMHA Ha IBA-TPU ITOPSIIKa BEIIIIC,
yeM B ClIyyae KaHaJIbHOTO POIOIICHHA.

ITyTh K onTOreHeTMYecKOMy IpOTE3UPOBAHUIO CET-
YaTKHA C TOMOILBIO 3PUTEIBHOIO POMOIICMHA TOJIBKO
Hayar — B 9KCIEPUMEHTAX Ha MOJIEIbHbBIX XXUBOTHBIX.
ITo aTOMY MOBOMY K CETOAHSIIIIHEMY JHIO OMyOJIMKO-
BaHO BCET0 HECKOJILKO padboT. OKa3aioch, YTO Jy4llle
BCETo ISl MPOTEe3UPOBAHUS MOAXOISIT KOJIOOUKOBbIE
ponorncuHbl. B ycrenHoi pabote aMepuKaHCKUX aB-
TOPOB OBUIU TTOJYyUYEHBI KpaliHe 0OHanEXBaoIINe B
9TOM CMBICJIE PE3YyJIbTaThl C KOJOOYKOBBIM CpelHe-
BOJIHOBBIM POIOTICUHOM, TO €CTh C TEHOM POAOTICMHA
U3 3€JEHO-YYBCTBUTEIBHBIX KOJIOOUEK, KOTOPbIi
OHU 3KCIIPECCUPOBAJIM B TAaHIIMO3HBIX KJeTKax [9].
Mp1 B Hallleit mocienHei paboTe 3KCIpeccupoBaiu
KOPOTKOBOJIHOBBIf KOJIOOYKOBBIM OIICUH, IPUTOM
HECEJIEKTMBHO — U B OUTIOJISIDHBIX, U B TAHTJIMO3HBIX
KJIeTKaX JereHepaTuBHOM ceTyaTK HOKAYyTHOW MbI-
mu [10]. OcHOBHOM pe3yabTaT, MOAyYeHHbI B 3TOM
pabote, CBOIUTCS K TOMY, YTO HECEJIEKTUBHAS 3KC-
npeccusi KoJJ0OYKOBOTO OTICKHA B HEPBHBIX KJIETKaX
CeTYaTKU MPUBOIUT K JOCTOBEPHOMY BOCCTaHOBJIE-
HUIO 3pUTENIbHON (PYHKIIMU Y HOKAYTHBIX MBIIIEH C
MUTMEHTHBIM PETUHUTOM, Y KOTOPBIX JAEre€HEPUPO-
BaJl (hoTopeLenTopHblid cioit. Ha pucynke 1 npen-
CTaBJIEH PE3yJbTAaT MOBEACHYECKUX WCCIEOOBAHUIA,
U3 KOTOPBIX CeAyeT YTO MPOTE3UPOBAHHbBIE KOJIOOU-
KOBBIM POAOIICMHOM CJIEMbIE€ MBIIIIN CITIOCOOHBI Hali-
TU TIPaBWJIBHBIN TyTh B JaOupuHTe Moppuca.

YTo Xe KacaeTcsl BaXKHeIIero BOIpoca O TOM,
KakKye KJIETKU JeTeHepUPYIOIISH CETUYAKTH I71a3a ue-
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Puc. 1. [loBegeHueckoe TECTUPOBAHUE MBINICH ITOCTE
WHTPAaBUTPEATbHOM MHBEKIIUM BUPYCHBIX YACTHUII, CO-
JiepXkaliux TeH KOJIOOUKOBOIO ONCHHA: 86epXy — BHEIII-
HUIT BUJI TpanenyeBUIHOTO BOMHOTO JJabuprHTa Moppu-
ca; 6HU3y — TIPOLICHT MPABWILHBIX PEIICHUI Yy MBbIIIeit
KOHTPOJIbHOM M OIBITHOI TpyII, YCPEOAHEHHBIN 3a MO-
cieqaue 4 mHst oO0ydeHus. [IpoLeHT IIpaBUIBHBIX pelle-
HUIA y MBIIIEH, TPOTE3UPOBAHHBIX KOJIOOUYKOBBIM OIICH-
HoM, paBeH 8.1 £ 2.7% (p < 0.05, -kpurepuit CTblofeH-
Ta) [10]

JIOB€Ka TIIEPCHCKTUBHBLI JIA OITOI€HETHYCCKOIO
IIPpOTE3NPOBaAHMA, TO COBOKYITHOCTD ITOJTYYCHHBIX K
HaCcToAIIEMY BPCMCHU NAaHHBIX CBUICTCILCTBYCT. B
3aBUCUMOCTH OT CTaIWMN AJCTCHECPATUBHOIO ITpOIIECCa
IIPpOTE3NPOBAHbI MOI'YyT OBITh U 6I/IHOJ’[SIprIe, M raH-
TJIMO3HBIC HEPBHLIC KIICTKN CETYATKMU, ITPU OTOM HE-
CCJICKTUBHOC MMPOTE3UPOBAHMUE HEPBHLIX KJIIECTOK I€-
FCHCpaTPIBHOfI CE€TYATKM TakKKE€ MOXET pacCMaTpHu-
BaThCS B KQUECTBE OHOI M3 BO3MOXKHOCTEA.

Ha pucyHke 2 cxeMaTH4ecKM ITOKa3aHbl CTPOEHUE
CETYaTKM U MPUHIUIT €€ ONTOreHETUYEeCKOTO Ipo-
Te3upoBaHUsl. MOXHO ObLIO Obl MPOTE3UPOBATh
OCTaTKHU KOJIOOUYEK, YK€ MOTEePSIBIINX CBETOYYBCTBU-
TEJIbHbIC HAPYKHBIE CETMEHTHI, MMOCKOJIbKY OCTATKU
KOJI00YEK HEKOTOPOE BPEMSI COXPAHSIIOTCS B ET€HE-
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KJIECTKHN
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Puc. 2. YnpomgHHast cxemMa KJIETOYHOTO CTPOCHUS CeT-
YaTKU: 3pumenvhble KAemKu B XOIE IereHepaTUBHOIO
rpoliecca — cHavaja NaJo4Ku, a ITOTOM U KOJIOOYKU —
MOrubaloT; OUNOAAPHbIE KAemKU TOCTATOYHO J0JIr0 OCTa-
I0TCSI XKM3HECTIOCOOHBIMU, 2AH2AUO3HbIe KAeMKU, IJIAH-
HBIE OTPOCTKHU KOTOPHIX (aKCOHBI) B COCTaBE 3PUTEIHLHO-
ro HepBa ITOCHUIAIOT MHMOPMAIIMIO B MO3T, OCTAIOTCSI
KU3HECITOCOOHBIMU;, OUIIOJISIPHBIE I TAHIIMO3HbBIE KJIET-
KU MOTYT OBITh ONITOTEHETUYECKM TTPOTE3UPOBAHBI

paTUBHOM CeTYaTKe, B TO BpeMsI KakK ITaJI0YKM IIOT1-
0aloT B XoJ¢e AereHepaTuBHOrO mnpoliecca. KoHeuHo,
OBUTIO OBl 3aMeyaTeIbHO IIPOTE3UPOBATh OCTATKU
KOJIOOUYEK, TaK Kak IIporecc oopadboTku mHGpopMa-
LI B CeTYaTKE B TAKOM cJIydae coxpaHsijicst 0bl. Kak
MBI IIOMHUM, CeMmyamKa — 3mo 4acmbv mo3ed, nome-
WéHHaA 6 ena3,  Ha BCEX YPOBHSIX €€ KIIETOYHOI Op-
raHu3alliu IIPOMCXOMUT CJIOXKHEMIass obpaboTKa
3putTebHOM MHGpopMaumu. B cumbHO oOpaboTraH-
HOM BHJI€ OHA MOCTYIAaeT IO 3pUTEIbHOMY HEPBY B
3pUTeNIbHbIE LICHTPBI MO3Ta. B 0lHOI 13 nepBbIX pa-
0OT Ha CJIEIIbIX MBIIIAX C IMUTMEHTHBIM PETUHUTOM
yIaJa0Ch IoKa3aTh, YTO IIPU IPOTE3NPOBAHUM OCTAT-
KOB KOJIOOYEK WHMIIMMpYEeTCsl (hepMEHTaTUBHBIN
Kackan ¢poToTpaHCAYKIMU !, peanusyercs oopaboTka
nHGOpPMAaIIMM Ha BCEX YPOBHSIX CETYATKU, IIPU 3TOM
Y MBI BOCCTAaHABJIMBAIOTCS CBETOUYBCTBUTEIIBHOCTD,
CITOCOOHOCTH K IPOCTPAHCTBEHHOMY OPUEHTHUPOBA-
HUWIO, 3pUTEIBHO-OMOCpEIOBaHHOe TToBeaeHume [11].
OnHako, K BEJIUKOMY COXaJ€HMUIO, OCTaTKU KOJI00-
YeK B XOJ€ IeTeHEpaTUBHOTIO Ipoliecca yepe3 Kakoe-
TO BpeMsI TOXKE IMOru0aloT, a IIOTOMY MX IIPOTE3UPO-
BaHUE TpeACTaBIIsIeTCs Majlo MepcrneKTUBHBIM. K To-
MY K€, YTOOBI IOCTABUTh B HUX TeHETUYECKUIA MaTe-
puai, TpedyeTcs cyOpeTuHalbHas MHBEKIIUS, TO €CTh
BBeJIeHHE BUPYCHOTO KOHCTPYKTA 3a CETYATKY. A 3TO
JIOBOJIbHASI CJIOXKHASI XMpyprudecKasi mpoueaypa.

Crenmyromue 3a (GoOTOpeleNTOPHBIMM KJIETKaMU
WUIYT CUHANITUYECKU CBSI3aHHBIE C HUMU TOPU30H-
TaJlbHbIE Y OUTIONSIPHBIC KJIETKU. BUIosipHbIe KJeT-

! DoTOoTpaHCIYKINs — 3TO TTpeoOpa3oBaHue U ycUiIeHUe (ITOUTH
B MWJUIMOH pa3) CBETOBOIO CHUTHaja B 3pUTEJIbHOM KJIETKE, B
pe3yJIbTaTe 4ero BOSHUKAET OMO3IEKTPUIECKUI CUTHAT.
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KU, IoJIy4dast THPOpMaIuio oT (POTOPELEIITOPOB, TIe-
penaioT e€ B 00paboTaHHOM BUJE JaIbIe, TaHIJINO3-
HbBIM KjeTkaMm. IIpemMmylliecTBa HpOTE3MPOBAHUS
OMITOJISIPHBIX KJIETOK OYeBUIHBI. JeiicTBUTENBHO,
YaCTUYHO COXPaHsEeTCsI €CTeCTBEHHBIN IIpoliecc 00-
pabotku uHGopMauuu (TepsieTCsI TOJBKO €ro Iep-
BBII 3Tan — MeXny (oTopenenTopaMu 1 OUITOIsIp-
HBIMU KJIE€TKaMU); HEMaJIOBaXKHO, YTO He IO KOHIIa
yTpauyuBaeTcs oo6padboTka MHGOpMaLMM U MO Topu-
30HTIM — C YYacTHEM aMaKpUHOBBIX KJIETOK (IO-
IpoOHee O IMPOTE3MPOBAHUM OUTMOJISIPHBIX KJIETOK
cM. 00630p [12]). OmHaKo OYEBUIAHBIM HEIOCTaTOK
ATOTIO IIOAX0Ia — BIIOJIHE peaJibHasi ONAaCHOCTh TOTO,
YTO BCJed 3a KOJIOOUKaMU MocJienyeT AereHepalius
(peMonenpoBaHue) U OUIOJISIPHBIX KJIeTOK. K ToMy
K€ Ha 3TOM 3Talle JeTeHepaTUBHOIO IIpoIecca IIpPo-
WCXOJIUT peopraHu3anusi CHHaITUYeCKUX CBSI3Ei O -
MOJISIPHBIX KJIETOK C IPYrMMHU KiieTKamu. Kpome To-
ro, IIPOTE3NPOBATh B HACTOSIIIIEE BPEMS MOKHO TOJIb-
Ko TakK Ha3biBaeMble ON-0UTTI0ISIphI (OTIMCAHO OKOJIO
JIecsaT (PyHKIIMOHAJILHEIX TUIIOB OUIIOISIPOB CeTYaT-
ku). IIpaBna, mpore3upoBanue ON-OHIIONSIPOB, A1
KOTOPBIX U3BECTHBI IIPOMOTOPHI, OKa3aJI0Ch TOCTa-
TOYHBIM JIJISI BOCCTAHOBJICHUSI MHOTHX 3PUTEIbLHBIX
¢yakumit [7]. IIpobiema cocTONT B TOM, 9TO OMITO-
JIPHBIC KJIETKM TPYIHOIOCTYIIHBI JJIs1 JOCTAaBKU B
HMX T€H-COJECPKAaIlIleTo0 KOHCTPYKTa, MOCKOJILKY OHU
HaXodsTCs B cepearHe ceTyaTKU. TeM He MeHee Cy-
LIECTBYIOIIME METObI TOCTABKM MO3BOJISIIOT BBOJUTH
BUPYCHBIIA KOHCTPYKT HENOCPEACTBEHHO B CTEKJIO-
BUIHOE TeJo (MHTpaBUTPeajbHO), KOTOPBLIMA 3aTeM
JIOCTUTAET OUITOJISIPHBIX KJIETOK.

Henb3st He cka3aTh 0 MPOTEe3UPOBAHUU TAHTINO3-
HBIX KJIETOK — KJIaCCUUYECKHUX HEMPOHOB, TeHEPUDPY-
IOLIMX UMIYJbCHYIO aKTUBHOCTh. [Ipeumyliiecta B
9TOM cllyyae HECOMHEHHbI. OMacHOCTb AereHepauu
TaHIJIMO3HBIX KJIETOK B XOJIe IeTeHepaTUBHOTO TPO-
1ecca, 1o CpaBHEHMIO C IPYTUMU KJIETOUYHBIMU 3J1€-
MEHTaMM CeTyaTKu, HauMeHblasi. [aHIIMo3HbIe
KIJIETKH, “CMOTpSIINE HapyXy  , pacIIOJIOXEHBI OJIM-
K€ BCEX K CTEKJIOBUIHOMY Te€Jly; OHU HaAaMHOTO JO-
CTYITHEe IJISl JOCTaBKU B HUX T'€H-COJePKaIlero KOH-
CTpyKTa IyTEM WHTPaBUTpEaIbHON MHBEKIIUU, KO-
TOopass B OMTAIBMOJIOTUM CTaja PYTUHHBIM IYTEM
JIOCTaBKU JIEKapCTB K ceTyaTke. [IpoMoTopsI 114 11e-
JIeHaTpaBJieHHO JOCTaBKM reHa poAOoICHA B raH-
IJIMO3HbIE KJIETKU XOPOILIO U3BECTHBI. OJIHAKO U He-
JOCTaTKU TIPOTE3MPOBAHUSI TaHIIMO3HBIX KIIETOK
BecbMa BeJUKU. [JIaBHBIN U3 HUX CBSI3aH C T€M, UTO
€CTEeCTBEHHEII ITpollecc 00padOTKM 3pUTEIILHON NH-
¢dopmalu B ceTyaTke He coxpaHsieTcsl. Becbma cy-
IIECTBEHHO, YTO MPOTEe3UpPOBaHUE TTpeodpasyeT Bce
COPOK C JIMIIHUM (DYHKIIMOHAJIbHBIX TUIIOB FaHIJIN-
O3HBIX KJIETOK B OAWMH (yHKIIMOHAIbHBIN Tuil. Het
COMHEHMUsI, 3TO OOJIbIION HEIOCTAaTOK OMNTOTeHETH-
YECKOTO MPOTE3MPOBAHUS — TEPSETCI BECH CMBICI
clIoxXHelein oo6padboTku MH(GOPMAIUM B HEPBHBIX
ciosix cetyatku. Ho 4to ynuBMTENBHO TakK 3TO TO,
YTO 3puUTEIbHbIE QYHKIIUU MTPU TAKOM MPOTE3UPOBA-
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HUM B 3HAUYUTEIBHOM Mepe BOCCTAHABIMBAIOTCS, U
3TO CBUIETEJILCTBYET O MOPA3UTEIbHOI TVIACTUYHO-
ctu Mmo3ra. I1pu 3J1eKTpOHHOM POTE3MPOBAaHUM, KO-
[JAa BXXUBJIEHHBIE YHUIThI BO30YXIAI0T KAKYIO-TO JTOJIIO
TaHTJIMO3HBIX KJIETOK M3 mpuMepHo 1 mirtH 200 ThIC.,
HaXOISAIINXCS B CeTYATKE I71a3a YeJ0BeKa, TO COBEp-
IIIEHHO HESICHO, KaKye (hYHKIIMOHAIbHBIC TUIThI 3THX
KJIETOK OHU BO30y:K1atoT. TeM He MeHee 3pUTeNbHbBIC
GYHKIIMM Y YeJIOBEKa YaCTUYHO BOCCTAHABJIMBAIOT-
ca. Hampumep, cooblmaercs, 4To Hauboliee cCoBep-
IIIEHHBIN BJIEKTPOHHBIN MPOoTe3 Apryc-2 ITO3BOJISIET B
HEKOTOPBIX CIIyYasiX CJeHBIM JIOASIM HaXe 4UTaTh
OYKBBI, HaOpaHHbIC OYeHb KPYITHBIM IIPU(PTOM.

Ilpu onToreHeTMYECKOM MPOTE3MPOBAHUM TaH-
IJIMO3HBIX KJIETOK, KOTJIa KOJIMYECTBO CBETOYYBCTBU -
TeJIbHBIX KJIETOK CTaJI0O BO MHOTO-MHOTO pa3 0oJIblIIe,
YyeM TIpU 3JIEKTPOHHOM MPOTE3UPOBAHUM, TJIACTAY-
HOYHOCTb MO3I'a MPOSIBIISIETCSI 0COOEHHO sIpKo. B akc-
MEPUMEHTE Y CJIETOI MBIIIU, TPOTE3MPOBAHHOM KOJI-
OOYKOBBIM POAOIICMHOM, YCHEIIHO BOCCTAaHOBWJICS
LEIBIA psii BaXXHEUIIMX 3PpUTEIBHBIX (DYHKIIMIA,
BKJIIOYas 3pUTeNIbHYIO aganTtauuio [13]. B kimuHuye-
CKOM HMCCJIEJOBAaHUU, O KOTOPOM MBI YK€ TOBOPUJIH,
OINTOTeHETUYECKOe MpPOTEe3UpPOBaHUE TE€HHO-MOIU-
(GULMPOBaHHBIM KaHaJIbHBIM POJOIICUHOM IO3BO-
JIMJTO TTALIMEHTY YBUAETH ITPEAMETHI Ha CTOJIE U Mellle-
xomHblir 1epexon [8]. IlomcTwHe, MIACTUYHOCTH
MO3ra HEOOBIKHOBEHHO BEJIMKA, U €€ MeXaHU3MBbl
eIE TTPEACTOUT BBISICHUTb.

%k ok ok

Takum oOpa3oM, B HacTosilee BpeMs Haubosee
BEpPOSITHOE IIPUMEHEHHE METOIOB OIITOTC€HETUKU B
KJIMHUYECKOI MpaKTUKe — 3TO MPOTE3UPOBaAHUE Je-
reHepaTUBHOI ceTyatku. KiImHU4YecKre NCIbITaHUS
MoKa3ajay MNPUHIMUIIMAIBHYI0O BO3MOXHOCTH 3TOTO
noaxonaa u ero 3@eKTUBHOCTD AJIsI 9aCTUIHOTO BOC-
CTAaHOBJIEHUSI 3pUTENbHBIX (YHKIMIA. Bcé ouyeBum-
Hee, 4To 3pumensvHuie G-Oenok-cesasviearoujue pooon-
cuHbl (CKOpee BCero, poaoINCUHBI KOJI00YEK), 3ammyc-
Kalomue (GepMEHTAaTUBHBIN  KackKal yCUJICHUS
CBETOBOI'O CUTHAaJIa, IIEPCHEKTUBHEI JISI ONTOIeHEe-
TUYECKOIO MpOTe3upoOBaHMUs. XOTSI, U 3TO BaXKHO
MOAYEPKHYTh, WCIIOJb30BAHUE eeHHO-MOOUPUYUpPO-
BAHHLIX KAHAAbHbIX POOONCUHOE KAaK WHCTPYMEHTOB
OITOTEHETUYECKOIO TPOTE3UPOBAHMSI IEeTeHEpaTHUB-
HOI1 ceTYaTKy ToXe BO3MOXKHO. UTo KacaeTcsi IpoTe3u-
PYEMBIX KJIETOK, TO 3TO MOTYT OBITh HE TOJIbKO 2aHeAU~
03Hble, UTO YK€ IOKA3aHO, HO U OUNOASAPHbIE KAeMKU e~
reHepaTuBHOII ceryaTku. Haumboiiee mpuemiieMblid
BEKTOP IJIsI JOCTABKM I'eHa POIOIICMHA K COXpPaHUB-
IIIMM >KM3HECIIOCOOHOCTh HEPBHBIM KJI€TKaM ceTJaT-
KM — pa3pell€éHHbIA I KIMHUYECKOro IIpUMeHe-
HUSI aJeHO-acCOLMMPOBaHHEIN Bupyc. Haxkonenn
clienyeT 0co00 MOTYEPKHYTh, UTO TOJIBKO Pe3yIbTaThl
KJIMHUYECKUX UCIBITAHWI MO3BOJISIIOT C YBEPEHHO-
CTBIO TOBOPUTH O KAYE€CTBE ONTOIeHETUIECKOTO IIPO-
T€3UPOBAHUS CJICTION CETYATKM YeJIOBEKa.
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OPTOGENETICS: FUNDAMENTAL AND APPLIED ASPECTS
M. P. Kirpichnikov!:** and M. A. Ostrovsky?3#

'M.M. Shemyakin and Yu.A. Ovchinnikov Institute of Bioorganic Chemistry of the Russian Academy of Sciences,
Moscow, Russia

2Lomonosov Moscow State University, Moscow, Russia
IN.M. Emanuel Institute of biochemical Physics of the Russian Academy of Sciences, Moscow, Russia
* E-mail: kirpichnikov@inbox.ru
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The paper is devoted to optogenetics as a method that allows the cells of an organism to acquire light sensi-
tivity. The history of the origin and development of optogenetics is briefly reviewed. The role of optogenetics
in studying both the fundamental mechanisms of brain functions and in understanding the mechanisms of a
number of neurological and psychiatric diseases, including those associated with memory loss, is discussed.
The real field of clinical application of optogenetics methods to date, namely in ophthalmology, is discussed
in detail. Clinical trials have shown the principal possibility of optogenetic prosthetics of “blind” retina and
partial restoration of visual functions. Data on one of the four ongoing clinical trials, its success and limita-
tions are presented. The conditions and prospects for further development of optogenetic prosthetic technol-
ogies for blind retina in the last stages of the neurodegenerative process are discussed in detail. The question
of the type of nerve cells in the degenerating retina most promising for optogenetic prosthetics is discussed.
The authors believe that genes of visual, G-protein-binding rhodopsins (most likely cones), which trigger the
enzymatic cascade of light signal amplification, are the most promising for optogenetic prosthetics. The use
of genes of genetically modified channel rhodopsins as “tools” for optogenetic prosthetics of degenerative ret-
ina is undoubtedly possible and, as clinical trials show, quite realistic.

Keywords: optogenet, brain, optogenetic prosthetics of the retina, adeno-associated virus, bipolar and gangli-
on cells of the retina, visual rhodopsins, genetically modified channel rhodopsins, clinical trials.
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