60 3AVIIEBA u 1p.

B Hacrosiee BpeMst HauboJjiee aKTyalbHbIEe TTOAXO0-
JIbI K CEPIEYHO-COCYIUCTHIM MCCIIeTOBaHNSIM OCHOBA-
HBI HA MCMHOJIb30BAHUU KapAUOMUOLIUTOB, IuddepeH-
LIMPOBAHHBIX U3 MHAYLIMPOBAHHBIX TUTIOPUIIOTEHTHBIX
ctBOJIOBbIX KJeToK (KM-ullCK). M3yuyeHue akTuB-
HOCTU MOHHBIX KaHajoB Ha moneau KM-ullCK mno3s-
BOJISIIOT OLIEHUTh OMO(U3MUYECKNEe CBOMCTBA HAaTpUE-
BbIX KaHAJIOB B MX HATMBHOM TKaHecTelU(UIecKoM
OKPYKEHUHU C YYeTOM IeHeTUUeCcKoro ¢boHa malMeHTa.

KM-ullCK akTuBHO MCIOJB3YIOTCS IJISI U3yUYESHUS
aCCOLIMMPOBAHHBIX C KAPAUOMUONATUSIMU U3MEHEHU I
aKTMBHOCTH MOHHBIX KaHaynoB (Crasto, Di Pasquale,
2018; Steele-Stallard et al., 2018; Giacomelli et al.,
2020; Shah et al., 2021). OgHako B 3THX UCCJIETOBaHM -
SIX aBTOPbI, KaK IMPaBWIO, OrPaHUYMBAIOTCS M3MEHe-
HUSIMU TIOTHOCTU TOKA U HE TBITAIOTCS pacCMOTPETh
OoJiee AeTajibHble MEXaHU3Mbl aKTUBHOCTH HATPUEBbIX
kaHainoB. Tak, Ha moneau KM-ullCK 6b110 moka3zaHo
YMEHbIIIEHNE TUIOTHOCTH TOKAa B KJIETKAX IAllMEeHTOB
¢ aputMmoreHHoi kapamomuonatueil (Khudiakov et
al., 2020), ¢ AuiaaTallMOHHOW KapauoMuomaTueil u
MPOrPEeCCUPYIOIIUM HapyIlIeHUEeM CepAeUYHON IPOBO-
numocTu (Kamga et al., 2021) u B KJIeTKax MaliueHTOB
¢ cunapomom bpyrama (El-Battrawy et al., 2019; Zhu
et al., 2021), a Takxe 3amemsieHVWe aKTUBALUU TIpU
muoToHnueckoir auctpoum 1 tuma (Poulin et al.,
2021).

AKTyabHOCTb TaHHON paOOTBHl BO MHOI'OM OIIpe-
JieJisieTcss TeM, YTO B HacTosiBllee BpeMsi OoJibllias
YacTh JaHHBIX, IToJydeHHbIX Ha Mojeaun KM-ullCK,
(boxycupyercss Ha onmMcaHUM U3MEHEHMI TUIOTHOCTU
HaTpUEBOTO TOKa U ypoBHs 3Kcmpeccuu SCNSA, B TO
BpeMs KaK M3YYEHME IPYIUX 31eKTPOPU3MUOIOrnye-
CKMUX XapaKTePUCTUK HATPUEBBLIX KaHAJIOB OCTaeTCs
BHEe (hoKyca TMOJABJSIONIETr0 Yucia UCCIel0OBaHUM.

MBI IPOAEMOHCTPUPOBAIU, YTO Y TTALIUEHTOB C Te-
HETUUYECKU OOYCIOBJICHHBIMU KapAUOMUOIATUSIMU,
COTPOBOXAAIOIIMMUCS XETYIOUKOBBIMU apUTMUSIMU,
ACCOLIMUPOBAHHBIMU C TEHETUYECKUMHU BapHaHTaMU
B reHax DSP u FLNC, nabnonaercs ycujleHue cTalu-
OHApHOI MEIJICHHON MHAKTUBAIIUM. DTO COOTHOCHUT-
csl C TaHHBIMU JIUTEPATYpPbl 00 UBMEHEHUSIX MEIJICH-
HOl MHAKTUBALUM, OOYCIOBICHHBIX T€HETUYCCKUMU
BapuaHTamu B reHe SCNS5A, accommpoBaHHBIX C pa3-
BUTHEM XeJyIOUYKOBBIX HapylleHuil putMma. Hampu-
mep, nipu MmyTauuu T5121 B rene SCNSA o6HapyKeHO
U3MEHEeHNe KWHETUKW aKTUBallMM U WHAKTUBALUU U
ycuwieHue MemieHHoM uHaktuBaumu Na, 1.5 (Yang et
al., 2002), a renetuueckuii Bapuant G1712S compo-
BOXIAJICSI CHEKTPOM OMO(DU3NUECKUX M3MEHEHU,
B TOM YHUCJIE€ HAPYIIEHWEM MEIJIEHHOW MHAKTUBAllUU
Na,1.5 (Sanner et al., 2021).

Takum obpa3om, 1moka nHdOpPMaIUU O POJU MPO-
Lecca MeIJIEHHOM uHaktuBauumu Na,l.5 B pazButuu
HACJIeICTBEHHBIX KapIMOMUONATUIl U apUTMUIA HEJ0-
CcTaTOYHO. MBI TIOKa3aau, 4TO TpoIecC MEIICHHOM
MHAKTUBALUU TTOTeHLUAT-3aBUCUMbIX HAaTPUEBBIX Ka-
HaJIOB cepjlla MOXeT ObITh YCUJIEH B KJIETKaX Malu-
€HTOB C XeJIyTOYKOBbBIMU HapylIeHUsIMU PUTMa, BbI-
3BaHHBIMU T€HETUYECKUMHU BapyMaHTaMU B pa3IMYHbBIX
reHax, peryjlupylolux akTMBHOCTb KaHanoB Na,l.5
(FLNC n DSP).
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ANALYSIS OF THE ROLE OF NAV1.5 SLOW INACTIVATION
IN THE DEVELOPMENT OF INHERITED CARDIAC PATHOLOGY

K. Zaytseva® % *, K. 1. Perepelina® ¢, A. A. Kostareva“

¢ World-Class Research Centre for personalized medicine, Almazov National Medical Research Centre,
Saint-Petersburg, 197341, Russia
b Sechenov Institute of Evolutionary Physiology and Biochemistry of the Russian Academy of Sciences,
Saint-Petersburg 194223, Russia
¢ Institute of Cytology, Russian Academy of Sciences, Saint-Petersburg, 194064, Russia
* E-mail: zaytseva_ak@almazovcentre.ru

Voltage-gated cardiac sodium channels Na,1.5 are responsible for the initiation and propagation of action
potentials in cardiomyocytes. Dysfunction of Na, 1.5 can be caused both by pathogenic variants in the SCN54
gene itself, which encodes Na, 1.5, and by genetic variants in the genes of other proteins, regulating channel
activity and trafficking. The change of different phases of the action potential is determined by the strict
temporal organization of activation and inactivation of various ion channels. Transitions between channel
functional states (for example, to slow inactivated state) can be influenced by various factors and proteins
interacting with the channel. Despite the fact that the process of slow inactivation of the channel has been
known for several decades, its role in the mechanism of development of hereditary heart pathology remains
unclear. In this work, using the patch clamp method in whole-cell leads, we studied changes in the process of
slow Navl.5 inactivation under the influence of various mutations in structural genes (DSP-H1684R, LMNA-
R249Q, FLNC-R1267Q, FLNC-V2264M) associated with a genetically determined myocardial pathology
leading to dysfunction of cardiomyocytes. The study used a model of cardiomyocytes differentiated from
induced pluripotent stem cells (CM-iPSCs). We have demonstrated an increase in slow inactivation in the
model of CM-iPSCs obtained from patients with a phenotype of cardiomyopathy combined with ventricular
arrhythmias. Thus, this work contributes to understanding the role of the slow inactivation process in the
mechanism of the development of heart pathology.

Keywords: DSP, FLNC, gating, inherited arrhythmia, LMNA, Na,1.5, slow inactivation
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