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B nocnepHee Bpems nosBnAeTCcA BCE O0MblUe [OKA3aTeNbCTB TOM0, YTO KOFHUTUBHBIE HAPYLLEHUA MOMYT BO3HWUKATb B CNy-
yae TpagMLMOHHBIX HEBPONOTMYECKMX 3ab0/1EBaHUIA, TaKUX KaK HelipogereHepaTvBHble 3ab0NeBaHWA, U Kak CrefcTaue
nepeHeceHHbIX MHdekumia (COVID-19, rpunn). Bo3MoHbIM cnocoboM yMeHbLLEHWA HEBPONOrMYECKOro NaTeaorMyecKoro
COCTOAHMA ABMIAETCA PEryNMpPOBaHME aHOMamNbHOM aKTUBHOCTY HEMPOHOB. TeM He MeHee He BCeraa BO3MOXKHO PeLuunTb 3Ty
npobneMy, BO34eNCTBYA HENOCPEACTBEHHO Ha HWX, U3-3a NepeBo36yHAEeHUA HEMPOHOB UM HEJOCTAaTOYHOM UX CTUMYNA-
LMK, YTO B KOHEYHOM MTOre MPUBOAMT K HEFaTMBHBIM NOCNEeACTBUAM. B TO e BpeMA acTpoumThl «npucnocabnusaiTca»
C TOYKW 3PEHUA aKTMBALIMM TOJbKO K TOW rpynne HeMpoHOB, KOTOPble HEOOXOAMMO aKTMBMPOBATb, HANpUMep N1A ycune-
HWUS KOFHUTMBHBIX QyHKUMIA [1]. B 310l paboTe npeuMyLLecTBa ONTOrEHETUKM ObINM UCMONb30BaHbl 4N1A M36bMpaTebHO-
ro BO3/eNCTBMA Ha MeTaboTponHble peLienTopbl acTPOLMTOB B OCTPbIX CPe3ax rmnmnokaMmna Mblller ¢ Moaenbio 6onesHu
AnbureriMepa ¢ Lenblo UX CneumMdrUyYeckon CTUMYNALMK 1 U3YYeHUA e€ BIUAHWA Ha 3EKTPOPU3NONOrMYeCKylo GYHKLMIO
HEMPOHOB, CUIY CUHANTUYECKUX KOHTAKTOB eX ViV M KOTHUTUBHBIE MOKa3aTenu in vivo. CyLiecTByeT HECKONIbKO MPUHLMMK-
anbHO PasfUYHbIX NOAXOAO0B K ONTOMEHETUYECKOW CTUMYNALMM KIETOK. MOXHO MCMO/b30BaTh MONEKY/APHbIE MUALLEHU —
MOHOTpOMHble peuenTopbl (Hanpumep, ChR2) unu MeTabotponHble peuenTtopsl (Hanpumep, OptoGq). Hawwm uccnenosanus
MPOLEMOHCTPMPOBANY YBENIMYEHUE AKTUBHOCTU NMPaMUAATbHBIX HEMPOHOB MMMMOKAMIa, a TaKkKe NOTeHUMPOBaHWe nosne-
BbIX BO36yKaalowmx noteHumanos (fEPSP) nocne onToreHeTMYeCKOM akTUBaLMK acTpOLMTOB, IKCMPECCHPYIOLLMX MeTabo-
TPOMHbIA KOHCTPYKT OptoGg, B TO BPEMSA KaKk NpOTMBONOJOMKHLIN 3¢deKT Habnoganca B cnyyae ChR2 [2]. Mo aToi npuunte
BCe JanbHeMLIne UCCNef0BaHUA NPOBOAMIM C UCMOMb30BaHWEM MeTaboTponHoro peuentopa. W3BecTHo, 4To acTpouuThl
pearvpyIoT Ha BHELHWIA CTUMYN BHYTPUKNETOUHBIM KanbLimeBbiMM BoiHamu [Ca%*]. Bo BpeMs pacnpocTpaHeHua 3ToM Boji-
Hbl BbicBObOAaloTCA D-cepuH, LIMTOKMHBI W NTaKTaT, KOTOpble JOMONHUTENBHO MOAYNMUPYIOT aKTUBHOCTb HelpoHoB. Cno-
COBHOCTb acTPOLMTOB BbICBOOOMAATL MM YOANATb FyTaMaT U3 BHEKNETOUYHOM Cpefbl NO3BONAET PErYNMPOBaTh GYHKLMIO
NMDA-peLienTopoB, TeM caMbIM perynupya Bo36yaeHue B HEMPOHHOM ceTW. M3BECTHO, YTO acTPOLMTLI TECHO CBA3aHbI
C MaToreHe3oM U NaToNorMyeckMM NpoLeccaMn HevMpoaereHepaTUBHbIX 3a60/1eBaHMI, NO3TOMY CMNOCOBHOCTb KOHTPONIU-
pOBaTb MX aKTUBHOCTb CTAHOBWUTCA aKTyaNbHOW U HeobxodMMON 3afavyen Tepanum.

B TekywleM uccnefoBaHUM ONTOreHeTUYeCKan CTUMYNALMA acTpOLMTOB FMMMOKaMMNa, TpaHCAyLMpyeMbix BupycoM AAVS_
GfaABC1D_opto-alAR-EYFP (KooupyeT cBf3aHHbIN ¢ Gg MeTaboTpomnHbIN peLienTop), MPUBENa K YBENMYEHMIO 3NIEKTPOPU3MO-
JIOTMYECKOW aKTUBHOCTU NMpaMUOHBIX HEMPOHOB rMnnoKaMna: nosbileHuio SEPSC nupaMyaHbIx HeMpoOHOB M NOTEHLMpOBa-
HUWI0 noneBbIx BO36YKAatoLmMX nocTcMHanTuyeckux noteHumanos (fFEPSP) B obnactv runnokaMna nocne CBETOBOM aKTUBaLMK
actpoumtoB [2]. Habnioganack Takske 3HaunTeNbHas akTUBM3aLMA 3KCrpeccumn paHHux reHos (CrEL, Arc, Fos, JunB v Egrl)
B cpe3ax runnokamna [3]. bbin nomyyeHbl pe3ynbTathl N0 BOCCTAHOBMEHWIO KOTHUTUBHBIX (YHKLMI Y MbILIEN C MOAENbIo
bonesHu AnbLreiMepa nocse ONTOreHETUHECKOM aKTUBaLMM MeTaboTpoONHOro peLienTopa B NoBeEHYECKUX TECTaX in Vivo.
CeA3aHHbIN ¢ Gq MeTaboTPOMHbLIN peLenTop bbii onpefenéH B Ka4ecTBe MONEKYNAPHOM MULLIEHM, aKTUBALIMA KOTOPOW Npu-
BOAW/A K 3HAUYUTENbHBIM MOIOKMUTENBHBIM U3MEHEHUAM (YHKLIMOHMPOBAHUA HEMPOHOB Ha YPOBHAX ex VIvo W in Vivo Y Mbl-
Lei AMKOro TUMA U Ha MOfeNM Mblllen ¢ 6onesHblo AnblrenMepa. MoxHO NpeanonouTb, Yto aKkcnpeccua OPTO-alAR
B aCTPOLIMTaX MOMET OKa3blBaTb 61aroTBOpPHOE BAWAHME NpU OPYrux HEBPONATONMOrMYECKUX COCTOAHMAX. B byayuiem apy-
rve, MeHee MHBa3VBHble NOAX0AbI, HANPUMepP METOL XEMOrEHETMKM, MOTryYT BbITb MCMOMb30BaHbl ANA LiefleHanpaBieHHo
aKTMBaLMW acTpOLMTOB B Pas/IUYHbIX OTAENax FojIoBHOr0 Mo3ra.
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Bknap aBTopoB. Bce aBTopbl N0ATBEPH<AAI0T COOTBETCTBME CBOEM0 aBTOPCTBa MexayHapoaHsIM KputepuaM ICMJE (sce aBTo-
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pUAV GUHanNbHYIO Bepcuio nepes nybnmnKkaumen).

WUcTouHuK duHaHcupoBaHUA. PaboTa noaepr+aHa rpaHToOM B paMKax rocy1apcTBeHHoro 3agaHuna FSEG-2023-0014.
KoHdnuKT uHTepecoB. ABTOPLI AEKNApUPYIOT OTCYTCTBME ABHBIX M MOTEHUMAMbHBIX KOHIIMKTOB MHTEPECOB, CBA3aHHbIX C My6-
JIMKaLMEN HACTOALLEN CTaTb.

CMUCOK JIUTEPATYPbI

1. Adamsky A., Kol A, Kreisel T,, et al. Astrocytic activation generates de novo neuronal potentiation and memory enhancement // Cell.
2018. Vol. 174, N 1. P. 59-71.e14. doi: 10.1016/j.cell.2018.05.002

2. Gerasimov E., Erofeev A, Borodinova A, et al. Optogenetic activation of astrocytes-effects on neuronal network function // Int J Mol Sci.
2021. Vol. 22, N 17. P. 9613. doi: 10.3390/ijms22179613

3. Maltsev A, Roshchin M., Bezprozvanny 1., et al. Bidirectional regulation by “star forces™: ionotropic astrocyte's optical stimulation sup-
presses synaptic plasticity, metabotropic one strikes back // Hippocampus. 2022. Vol. 33, N 1. P. 18-36. doi: 10.1002/hipo.23486

KOHTAKTHAA UHOOPMALIUA

*0.J1. BnacoBa; agpec: Poccuinckan Oenepauma, 195251, Cankt-Metepbypr, MonmtexHuyeckan ya., o. 29; e-mail: olvlasova@yandex.com

V'a
ECO®VECTOR Article can be used under the CC BY-NC-ND 40 International License
© Eco-Vector, 2023

768


https://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.17816/gc623336
https://doi.org/10.1016/j.cell.2018.05.002
https://doi.org/10.3390/ijms22179613
https://doi.org/10.1002/hipo.23486
mailto:olvlasova@yandex.com

MATEPNAJTTE KOHOEPEHLIM TOM 8, N2 4, 2023 [eHBI 1 KNEeTHN
CONFERENCE PROCEEDINGS 18 (4) 2023 Genes & cells g
76

DOI: https://doi.org/10.17816/gc623336

Molecular targets for optogenetic stimulation
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ABSTRACT

Recently, mounting evidence suggests that cognitive impairment may accompany traditional neurological diseases,
such as neurodegenerative disorders, as well as result from previous infections (COVID-19, influenza). One approach
to mitigating the neurological pathological state involves regulating abnormal neural activity. Nevertheless, addressing
this issue directly may not always be feasible due to neuronal overexcitation or inadequate stimulation, leading to
unfavorable outcomes. Meanwhile, astrocytes adapt their activation levels exclusively to the group of neurons requiring
activation, boosting cognitive functions as an example [1]. Optogenetics was employed in this study to selectively
stimulate metabotropic astrocyte receptors in acute hippocampal slices of mice with an Alzheimer’s model. The aim was
to examine the effect on electrophysiological function of neurons, strength of synaptic contacts ex vivo, and cognitive
performance in vivo. Several fundamentally different approaches exist for optogenetic stimulation of cells, including
the use of molecular targets such as ionotropic receptors (e.g., ChR2) or metabotropic receptors (e.g., OptoGg). Our
studies have shown enhanced activity of hippocampal pyramidal neurons and potentiated field excitatory potentials
(fEPSP) following optogenetic activation of astrocytes expressing the metabotropic construct OptoGq. Conversely, the use
of ChR2 resulted in an opposite effect [2]. For this reason, all subsequent investigations used a metabotropic construct.
Astrocytes are known to respond to external stimuli via intracellular calcium [Ca?] waves. The propagation of this wave
results in the release of D-serine, cytokines, and lactate, subsequently modulating the activity of neurons. The role
of astrocytes in regulating the function of NMDA receptors by releasing or removing glutamate from the extracellular
environment is critical in modulating neural network excitation. Given the association of astrocytes with the pathogenesis
and pathological mechanisms involved in neurodegenerative disorders, controlling their activity becomes a pressing and
indispensable aspect of therapy.

In the present investigation, optogenetic stimulation of hippocampal astrocytes transduced by AAV5_GfaABC1D_opto-
alAR-EYFP virus (which encodes a Gg-coupled metabotropic receptor) resulted in enhanced electrophysiological activity
of hippocampal pyramidal neurons. This was evidenced by increased sEPSC of pyramidal neurons and the potentiation
of field excitatory postsynaptic potentials (fEPSP) in the hippocampal region, following light activation of astrocytes [2].
A significant activation of early gene expression (cRel, Arc, Fos, JunB, and Egr1) was detected in hippocampal slices [3].
Additionally, optogenetic activation of the metabotropic receptor during behavioral tests in vivo restored cognitive functions
in mice with an Alzheimer’s disease model.

The activation of the Gg-coupled metabotropic receptor was found to be a molecular target that promotes positive changes
in neuronal functioning at ex vivo and in vivo levels in both wild type mice and a mouse model of Alzheimer's disease.
Expression of OPTO-a1AR in astrocytes could potentially have a beneficial impact on other neuropathological conditions.
In the future, alternative less-invasive methods, such as chemogenetics, could be employed to specifically activate
astrocytes in distinct brain regions.
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