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OnToreHeTuveckas cTuMynauua noaasndert it

UKTaJIbHYI0 aKTUBHOCTb B 4-aMMHONUPUAUHOBOM
MOZeNU 3NUenTUYeCKOM aKTUBHOCTH in vitro

A.B. 3anues*, E.10. lpockypuHa, A.M. Tpodumosa, T.10. MocTtHuKoBga, 10.J1. Epruna, [1.B. AMaxuH,
K.X. Kum, B.C. Tucenbko, A.B. Yukos

WNHCTUTYT 3BOMIOLMOHHOI Gu3mnonorum u bruoxummm uMm. U.M. CeyeHoBa PoccuiicKoii akageMum Hayk, CaHkT-lleTepbypr, Poccuitckan Qepepauma

AHHOTALMA

Mo ouenkam BO3, noutu 1% Hacenenna 3emnu cTpapaet anunencueid. HecMoTpA Ha ycnexy B pa3paboTke HOBbIX MPOTMBO-
3NWNENTUYECKUX NpenapaToB, NpUNagKu He YAAETCA MOMHOCTLIO YCTPAHWUTb MOYTH Y TPETW NaLMEHTOB.

OQHMM 13 NepcneKkTUBHBIX NOAXOM0B K NEYEHUIO SMUENCUM MOXKET CTaTb reHHan TepanuA. [ocKonbKy 3nunenTUyecKasn
aKTMBHOCTb BbI3BaHa AMcHanaHcoM Mexay Bo36yOeHNEM U TOPMOXKEHWEM, UCCNIe[oBaTeN B NepBYI0 o4epeab Cocpeao-
TOYMIUCb Ha PerynmMpoBaHvK Bo3byAMMOCTM HelipoHoB. MepBoHaYanbHO noaxofbl 6biiv OCHOBaHbI HA rMNEpP3IKCNpeccum
TOPMO3HbIX NENTUAOB, TakMX Kak ranaHud unu NPY, unu nogaeneHnu Bo3byamMMOCT HEMPOHOB MYTEM rMNepaKCnpeccumn
KanueBblX KaHanoB B HevipoHax. OfHako aTv 3PdeKTbl JOMKHbI ObITb XOPOLIO paccyMTaHbl U CTPOro J03MPOBaHbI, TaK
KaK BMoCnesCcTBAM TPYAHO CKOPPEKTUPOBATb 3KCMpeccuio. B cnyyae CAMLLIKOM HU3KOM 3KCMPeccUMy NpoTUBOCYLOPOHKHBIN
3¢ QeKT He byLeT JOCTUMHYT, a B CITy4ae CIMLLKOM BbICOKOM 3KCMPECCUM HEMPOHHbIE CETW BYOYT HapYLLEHbI U3-3a CUNTBHOMO
TOPMOKEHNA.

Mo 3T0M NpuymMHe 60NbLLIOM MHTEpPEeC NPeaCTaBAAIOT METOAUYECKME NOAXOAb! K NEYEHMIO, NMPY KOTOPbIX MOXHO KOHTPONU-
poBaTh BAMAHME Ha BO36YAMMOCTb HEMPOHOB B 3NMUNENTUYECKOM ovare. OnToreHeTUYecKMe MeTofbl AAlOT TaKoe NpenMy-
wecro. OnToreHeTKa MUCMoNb3YeT CBET 1A U3MeHeHWA BO36YAMMOCTY OMPefeNnéHHbIX NONYNALMIA HEMPOHOB U MOMKET
TaKKe NPUMEHATLCA B NapagurMe 6MOMOrMYecKoi 06paTHOM CBA3M, B KOTOPOM MCTOYHWMK CBETA aKTMBMPYETCA TOJbKO
MNPV PUCKE BO3HUKHOBEHMUA CYAOPOXKHON aKTUBHOCTU. B HacToALLee BpeMA pa3paboTaH Lienbli pAg ONTOreHETUYECKUX UH-
CTPYMEHTOB, BKIIOYAIOLLMIA CBETOAKTMBMPYEMbIe KaTUOHHbIe (HanpuMep, ChR2) n aHWoHHble KaHanbl (ACR), MeTaboTpon-
Hble peuenTopbl, NoMnbl (NpHR, Arch) U 3H3uUMbl. OgHaKo ONTOreHeTUYECKUI NOAXOL COMPAMEH C PAQOM TEXHUYECKMX
TPyOHOCTEN NpU AOCTaBKe UCTOYHMKA CBETA U C PUCKOM PasBMTUA MMMYHHOMO OTBETA Ha IKCMPECCHI0 POLOMNCHHOB.

B naHHoM foknage paccMaTpuBaeTCA OMbIT NPAKTUYECKOr0 MPUMEHEHWA ONTOreHETUYECKMX MHCTPYMEHTOB MPY UCMOMb30-
BaHWUW 4-aMMHONUPUAOMHOBOM in Vitro MOAENM 3NMNenTMdOPMHON aKTUBHOCTM B NMEPEXMBAIOLLMX CPe3ax IHTOPMHANBHOM
Kopbl. Mbl npoBepuin 3¢eKTUBHOCTL NOLABNEHWA UKTaNbHOM aKTUBHOCTM C MOMOLLbI0 HECKOJIbKMX BapyUaHTOB ONTOreHe-
TUYECKOM CTUMYNALMK: 1) aKTUBaLMM BO36YKOAOLMX 1 TOPMO3HBIX HeMpoHOB (Ha Mbiwwax Thy1-ChR2-YFP); 2) aktusauum
TOJTbKO TOPMO3HBIX MHTEPHEMPOHOB (Ha Mblwwax PV-Cre nocne MHBbEKLMM BMpYCa C FEHOM KaHanopogoncuHa-2); 3) runep-
nonApu3auum Bo3byaaloLLMx HEVPOHOB NOCNE 3KCNPECCUM apxepodoncuHa UK 4) cBeTO3aBUCMMOMN HAaTPUEBOW MOMIbI.
MbI BbIABUAK, YTO MKTaNbHaA aKTUBHOCTb YCMELLHO NOAABAANACh, KOr4a HA3KOYACTHOTHAA OMTOreHeTUYeCKan CTUMYNALMSA
BbI3blBana PerynApHyI0 MHTEPUKTANbHYI0 aKTUBHOCTb. 0BbIYHO MHTEPUKTANbHAA aKTMBHOCTbL 3amycKanacb Npu pUTMmUYe-
CKOM CMHXPOHHOW aKTMBALMM IMaBHbIX HEMPOHOB 3HTOPUHAMBHOM KOpbl. B 0CTanbHbIX CNyyanX MKTanbHaA aKTUBHOCTb CO-
XpaHAnach, XoTA eé CBOMCTBA MOMMM U3MEHATLCA. HamMu onpefeneHbl napamMeTpbl ONTOreHETUYECKON CTUMYNALMM, KOTO-
pble OKa3anucb Hambonee 3QEKTUBHBIMY 4N1A NOAABNEHWA UKTANbHON aKTUBHOCTY.

Hanuuue wupoKoro cnekTpa NoAxof0B reHHOM Tepanuu anuiencum, NpogeMOHCTPUMPOBABLUMX IPHEKTUBHOCTb B AOKNM-
HUYECKUX UCCNe0BaHUAX, NO3BONIAET NPEAMNOIOKUTb, YTO KIMHUYECKUE UCTIBITAHUA HEKOTOPLIX U3 3TUX NOAX0J0B Hay-
HYTCA B 6nnyKanLLMe HECKOBKO NIeT.

KnioueBble cnoBa: onToreHeTMKa; aNMnenTMdoOpMHan akTUBHOCTb; CPe3bl MO3ra; KaHaNopoOANCHH; NapBanbbyMuH; UH-
TEPHENPOH.
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AOMOJIHUTE/IbHAA UHOOPMALIUA

Bknap aBTopoB. Bce aBTopbl N0ATBEP<AAI0T COOTBETCTBME CBOEM0 aBTOPCTBa MexayHapoaHsIM kputepuaM ICMJE (Bce aBTo-
Pbl BHEC/W CYLLIECTBEHHbIN BKMaf B pa3paboTKy KoHLienLmMm, NpoBefeHue UCCef0BaHMA U MOAroTOBKY CTaTbii, MPOYM 1 0406-
pUAK GUHaNBHYI0 BEpCUMIo Nepef nybnunKaumen).

WUctounuk dpuHaHcupoBanua. PaboTa BeINosHEHA Ny NoaaeprKke Poccuiickoro HayuHoro ¢oHaa (mpoekt N2 21-15-00430).
KoHnuKT uHTepecoB. ABTOPLI AEKNApUPYIOT OTCYTCTBIME ABHbIX M MOTEHUMAMbHBIX KOHDIMKTOB MHTEPECOB, CBA3aHHbIX C My6-
JIMKaLWen HaCTOALLIe CTaTbu.

KOHTAKTHAA UHOOPMALIUA

* A.B. 3aiues; agpec: Poccuiickan Oepepaumn, 194223, Cankt-lMetepbypr, np-T Topesa, 4. 44; e-mail: aleksey_zaitsev@mail.ru

V'a
ECOeVECTOR Avrticle can be used under the CC BY-NC-ND 40 International License
© Eco-Vector, 2023

787


https://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:aleksey_zaitsev@mail.ru

MATEPNAJTTE KOHOEPEHLIM TOM 8, N2 4, 2023 [eHBI 1 KNEeTHN
CONFERENCE PROCEEDINGS 18 (4) 2023 Genes & cells 8
7

DOI: https://doi.org/10.17816/9c623343

Optogenetic stimulation suppresses ictal activity
in a 4-aminopyridine model of epileptic activity in vitro

A.V. Zaitsev*, E.Y. Proskurina, A.M. Trofimova, T.Y. Postnikova, J.L. Ergina, D.V. Amahin,
K.K. Kim, V.S. Tiselko, A.V. Chizhov

Sechenov Institute of Evolutionary Physiology and Biochemistry of the Russian Academy of Sciences, Saint Petersburg, Russian Federation

ABSTRACT

The World Health Organization estimates that around 1% of the population experiences epilepsy. Despite the progress made
in creating new antiepileptic medications, seizures continue to persist in almost one-third of patients.

One promising approach to treating epilepsy is gene therapy. Since epileptic activity stems from an imbalance between
excitation and inhibition, researchers prioritize regulating neuronal excitability. Initially, they focused on hyperexpressing
inhibitory peptides like galanin or NPY or suppressing neuronal excitability through potassium channel hyperexpression in
neurons. However, it is imperative to carefully calculate and strictly regulate these effects since correcting the expression
at a later stage can be arduous. If the expression is insufficient, the anticonvulsant effect won't be attained, and if it is
excessive, the neuronal networks will be impaired due to excessive inhibition.

Therefore, approaches to treat epilepsy by controlling neuronal excitability in the epileptic focus are of great interest.
Optogenetic methods provide such an advantage by altering the excitability of specific neuronal populations using light.
In addition, optogenetics can be used in a biofeedback paradigm in which the light source is activated only when there is
a risk of generating seizure activity. Several optogenetic tools exist, such as light-activated cationic (e.g. ChR2) and anion
channels (ACR), metabotropic receptors, pumps (NpHR, Arch), and enzymes. However, the optogenetic approach encounters
technical challenges in delivering the light source and the risk of an immune response to the expression of rhodopsins.
This report presents a review of the practical application experience using optogenetic tools in conjunction with
the 4-aminopyridine in vitro model to observe epileptiform activity in slices of the entorhinal cortex. We evaluated
the effectiveness of various optogenetic stimulation techniques in inhibiting ictal activity. These techniques included
activating both excitatory and inhibitory neurons (in Thy1-ChR2-YFP mice), activating only inhibitory interneurons (in PV-Cre
mice with channelodopsin-2 gene virus injection), hyperpolarizing excitatory neurons after expressing archaeodopsin, and
hyperpolarizing excitatory neurons through a light-sensitive sodium pump. Ictal activity was effectively suppressed through
low-frequency optogenetic stimulation, inducing regular interictal activity. The entorhinal cortex’s principal neurons were
typically rhythmically activated, creating interictal activity. However, in some cases, the ictal activity persisted, albeit with
changed characteristics. We identified the most successful optogenetic stimulation parameters for suppressing ictal activity.
The wide range of gene therapy approaches available for epilepsy, with demonstrated efficacy in preclinical studies, indicate
that clinical trials for some of these approaches will commence in the coming years.
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