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Momusayusa u yens: JNUIETICUS — HEBPOJIOTHUECKOE 3a00JIeBaHIE ¢ MHOTONPOUIIb-
HBIM U CJIOXHBIM ITaTOT€HE30M, XapaKTepU3yIollleecs MOBTOPSIIOIIMMHCS CIIOHTAHHBIMU
MpUNAJKaMH, BbI3BAHHBIMH a0EppaHTHBIM CHHXPOHWU3UPOBAHHBIM BO30YXKICHHEM
HEHPOHOB M3-3a qucOanaHca MeXy BO30Y)KIaIOIMMH U TOPMO3HBIMU KOMIIOHEHTaMHU
neHtpanpHoit HepHoi cuctembl (IIHC) [1, 2]. Baknas ponb B pa3BUTHH
SMHJICTITOTEHE3a OTBEIEHA TeHEeTHYeCKHM (pakTopam, 4TO MOATBEPKAAETCS MpOBEIe-
HUEM MHOXKECTBA MCCIIEIOBAHUI MO M3YUYCHUIO T'€HETUYECKOI JeTepPMUHUPOBAHHOCTH
snmnencuit [3]. ns uccnenoBanus HeWPOYU3HOIOTHIECKUX, TATODUZHOIOTUIECKIX U
TeHETUYECKMX OCHOB pa3BUTHUS SMWIENTOreHe3a, a TaKKe JUIsl CO3JaHus MPHUHLU-
MUAJbHO HOBBIX METONOB KOPPEKIMU SHWIEHTHYECKOH aKTUBHOCTH IIHUPOKO
UCTIONB3YIOTCS )KUBOTHBIE MOZETH 3a00JieBaHMs. BrIsiBIeHNe U XapaKTepHCTHKA HOBBIX
MYTaHTHBIX MBIIIEH ¢ MOCIeAyoueld WACHTUPHUKAINEH M XapaKTEpUCTHKON TEHOB,
OTBEYAIOLINX 32 MYyTalM{, IO3BOJIAT 3HAYMTEIBHO YIYYIIUTh Halle MOHUMaHUE
TCHETHYECKON PeryJsiiM Pa3BUTUS M IOCIELYIOIIMX HapylleHuil B paboTe KOpHI
TOJIOBHOT'O MO3Ta.

Memoowvl u aneopummor: I co3naHus MPUHIMITMAIEHO HOBBIX JIMHUMA MBIIIEH ObLT
ucnionb3oBad xumudeckuid ENU-nampasnenssiii  myrtarenes. Otbop — Mbleid,
MPOSIBJIIIONIMX CKJIOHHOCTh K SHHIENTU(OPMHON aKTUBHOCTH, HPOBOAMJICS MpHU
MOMOIIM MOJIEIMPOBAHNUA AayJUOTeHHBIX CYJOpOr. 3a OCHOBY KIJIACCHYECKOTO
(EHOTHITNYECKOr0 OIMCAHUS HOBOM MBIIIMHOW MOJENH SIWIEHCHHA OBLIO B3STO
MOBEJICHYECKOE TECTUPOBAHUE — TECT «OTKPBITOE IOJIE», TECT HA YCIOBHYIO PEAKLIUIO
naccuBHoro uzoeranusi (YPIIM) u mpoTOkoNm HM3MEpEeHHsT aKyCTHUECKOW peakIuH
B31paruBanus. beuio nposeneno SNP-kapTupoBanue U1 BHISBICHUS TeHOB-MHUIIICHEH,
W3MEHSIOIINX CBOIO DJKCIPECCHI0 B MBIIIAX, MPOSBISIIOMUX 3MUICITHYECKYIO
AKTUBHOCTB; IN SitU ruGpuan3anus IpOBOAMIACH s BIsiBICHUs tokanu3aimi MPHK,
OTOOpaHHBIX TO pe3yJbTaTaM CEKBEHHPOBAaHUS T'CHOB-KAHIIUJATOB B KOPOHAPHBIX
Cpe3ax roJIOBHOTO MO3ra; MMMYHOTHCTOXMMHYECKOE OKpAaIINBaHUE PUMEHSIOCH IS
XapaKTEPUCTUKU LIUTOAPXUTEKTYPBl KOPBI U TUIIIOKAMIIA MyTaHTHBIX MBILIEH.
Pesynomamer: C nomomipto ENU-HanpaBieHHOro MyrtareHe3a Obula cO3JaHa HOBas
MyTaHTHas! JTUHMSI MbIIIEH, 001a1ar011ast SIUICHITUPOPMHON aKTHBHOCTBIO. Mcnosb3yst
METOA MOJAEIMPOBaHUs ayAHOTeHHbIX cynopor (Metoamka Kpymmnckoro [4]), Obut
MPOM3BENIEH OTOOP MBIIMIEH €O CKIOHHOCTBIO K OSIMWICNTHYSCKHM IPHIIAJKaM, B
pe3yibTaTe 4ero Oblla BbIBEJICHA MPUHIMITMAILHO HOBAs JIMHUS MbIel — Socrates.
IIpoBenennsle uccienoBaHUsA ¢ MPUMEHEHHUEM MOBEIECHYECKUX TECTOB JUISl ONHCAHUS
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(deHoTHNa 3THX MYTaHTHBIX MBIIICH IMOKa3ald, YTO 0coOM JIWHUH SOC 00yaaaoT
MOHM)KEHHOHN JIBUTATEILHON aKTUBHOCTBIO M CIIOCOOHOCTBIO K OOYYEHHIO U MIPU 3TOM
MOBBIILIEHHON OPUEHTUPOBOYHO-UCCIIEI0BATENBbCKON aKTUBHOCTBIO, YTO KOPPEIUPYET €
UX HOBBIIIEHHON BO30yIUMOCThIO. IIpuMeHeHne MOIEKyIIPHO-TEHETUYECKIX METOIOB
no pazpaborke nanenu SNP mo3Boamiao nposecTd kaptupoBanue yuactkos JHK s
BBISIBJICHHA TEHOB-MMIICHEH, YyYacTBYOLUIMX B (OPMHPOBAHUM  SIMICICHH.
PeanuzoBanHbIil B malibHEWIIEM TPAHCKPUIITOMHBIN aHalU3 F€HOB-MUILICHEN TMoKa3al
W3MEHEHHUsl JKCIIPECCHUM 3TUX TIeHOB. l3yueHue nNaTTepHOB OJKCIPECCUU TE€HOB,
KOAMPYIOMIMX MpoTenHKHHA3bl, ' AMK- 1 riyramMaTHBIX penenTopoB ¥ MeMOpPaHHBIX
WOHHBIX IIyT€H IIOKAa3aJl0 CHIXXEHHE HKCIPECCHH, YTO CIIOCOOCTBYET HapYyILEHHIO
HEHPOTPaHCMUCCHU B KOPE TOJIOBHOTO MO3Ta MBIIIEH SOC, B KOHEYHOM HUTOTE SIBIISISICH
OHOW M3 MpUYMH (OPMHUPOBAHUS OSIUICTITHUECKOW aKTHUBHOCTH. llpu wu3ydeHun
LUTOAPXUTEKTYPhl KOPHl M THIIOKaMIa ObUIO OOHapy)KEHO YBEJIMYEHHE KOJINYECTBA
UHTEPHEHPOHOB B KOPE M YBEJIMYEHHE KOJIMYECTBA ACTPOLUTOB B THIIOKAaMIIE, YTO
CBUJICTENILCTBYET O HApYIIEHUH COCTOSHHS OanaHca BO30YKICHUS/TOPMOKEHHS Y
MYTaHTHBIX 0cO0eH JTHHUHM SOC, YTO TaKKe SABJSAETCS OHON U3 IPUUWH, POPMUPYIOIINX
AMUIENTH(POPMHOE COCTOSHUE.

Bvi6oowi: B 3TOM HccnenoBaHuM HaM yJanoch HE TOJIBKO CO37aTh U 0XapaKTepH30BaTh
HOBYIO JIMHUIO MBbIIIEH C TIOBBIIICHHOW CKJIOHHOCTBIO K OIHJICNTHPOPMHON
AKTUBHOCTH, HO W  BBIIBUTH  HEKOTOpPBIE  MOJEKYIAPHO-TCHETHUYECKUE U
MOpGhOo(DhU3NOTIOrHUYECKHEe, a TAaKXKe LUTOAPXUTEKTYPHbIE W3MEHEHUS, NMPUBOAALINE K
W3MEHEHUIO OalaHca MeXIy BO30YXKICHHEM M TOPMOKEHHEM B HEWPOHAIBHOH ceTh
MYTaHTHBIX MBILLIECH.

Qunancuposanue: VccnenoBaHue NPOBOIMIOCH B PaMKaxX I'OCYJapCTBEHHOTO 3aJaHUs
Muno6puayku Poccrn (FSWR-2023-0029).
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Motivation and Aim: Epilepsy is a neurological disease with a multidisciplinary and
complex pathogenesis, characterized by recurrent spontaneous seizures caused by
aberrant synchronized neuronal firing due to an imbalance between excitatory and
inhibitory components of the central nervous system (CNS) [1, 2]. An important role in
epileptogenesis is assigned to genetic factors, which are confirmed by many studies on
the genetic determination of epilepsy [3]. Animal models of the disease are widely used
to study the neurophysiological, pathophysiological, and genetic basis of
epileptogenesis, as well as to create fundamentally new methods for correcting epileptic
activity. Identification and characterization of new mutations in mice, followed by
identification and characterization of the genes responsible for the mutations, will

1262 BGRS/SB-2024



significantly improve our understanding of the genetic regulation of corticogenesis and
subsequent developmental disorders of the cerebral cortex.

Methods and algorithms: To create fundamentally new mouse strains, chemical ENU-
directed mutagenesis was used. The selection of mice prone to epileptiform activity was
carried out by modeling audiogenic seizures. The classical phenotypic description of the
new mouse model of epilepsy was based on behavioral testing, including the “Open
Field” test, the conditioned passive avoidance response test (CPAT), and the protocol
for measuring the acoustic startle response. SNP mapping was performed to identify
target genes that change their expression in mice exhibiting epileptic activity. In situ
hybridization was conducted to identify the localization of mMRNAs selected from
candidate gene sequencing results in coronal brain sections. Immunohistochemical
staining was utilized to characterize the cytoarchitecture of the cortex and hippocampus
of mutant mice.

Results: Using ENU-directed mutagenesis, a new mutant mouse strain with epileptiform
activity was generated. Through the modeling of audiogenic seizures (utilizing
Krushinsky's method [4]), mice with a predisposition to epileptic seizures were
identified, resulting in the development of a novel strain of mice named Socrates.
Behavioral tests revealed that individuals of the Soc line exhibited reduced motor
activity and learning ability, alongside increased orientation-exploratory activity,
correlating with their heightened excitability. The development of a SNP panel using
molecular genetic methods enabled the mapping of DNA regions to identify target genes
involved in epilepsy formation. Subsequent transcriptomic analysis of these target genes
demonstrated changes in their expression. Investigation into the expression patterns of
genes encoding protein kinases, GABA and glutamate receptors, and membrane ion
pathways revealed a decrease in expression, contributing to impaired neurotransmission
in the cerebral cortex of Soc mice, ultimately being one of the factors behind the
emergence of epileptic activity. Examination of the cytoarchitecture of the cortex and
hippocampus revealed an increase in the number of interneurons in the cortex and an
increase in the number of astrocytes in the hippocampus, indicating an imbalance in the
excitation/inhibition balance in mutant individuals of the Soc line, which is also a
contributing factor to the development of epileptiform states.

Conclusions: This study not only succeeded in creating and characterizing a new line of
mice with an increased predisposition to epileptiform activity but also identified
molecular genetic, morphophysiological, and cytoarchitectural changes leading to an
altered balance between excitation and inhibition in the neuronal network of mutant
mice.
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