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JAns  ycremHoro W3y4eHHs] MOJCKYISIPHBIX MEXaHH3MOB 3a00JCBaHHMI UEIOBECKA, IOWCKA U
TECTUPOBAHUS JICKAPCTB HEOOXOMUMBI MOJIENH, JIOCTOBEPHO BOCIPOM3BOJISIIME MATOJOTHYCCKHIMA
¢enornn. OMHUM W3 TIEPCICKTHBHBIX BApHAHTOB SIBIISIOTCS MOJCIH OCHOBE HWHIYIIMPOBAaHHBIX
TUTFOPUTIOTEHTHBIX CTBOJIOBBIX KieTok yenoBeka (UIICK) ¢ nucnosp3oBanneM CHCTEM peJaKTHPOBAHUS
TeHOMa, KOTOpBIE IO3BOJISIIOT BOCIPOMU3BECTH MHOKECTBO TICHETHYECKHMX BapHaHTOB. PaHee B
naboparopun snureHetuku passutusg Uul" CO PAH 6bun momyuens! nunnn WUIICK, nmeromime
TpaHCreH mnporpammupyemoi Hykieasbl AsCasl2a moj ynpaBieHHEM JOKCHULMKIMH-3aBUCHMOTO
IPOMOTOPA.

Hnsa pemaktupoBaHust TeHOMOB BBIOpaH AsCasl2a, Tak Kak ATOT (epMeHT o0iamaeT BBICOKOU
cnenu(pUYHOCTRI0O M TOAXOAWUT JUIS MYJIBTHILICKCHOTO PEJaKTHpOBaHUs TeHoB. OHAKo, IO
HEKOTOPBIM JTaHHBIM, d(P(PEKTUBHOCTh BHECCHUS pa3pbiBOB AsCasl2a cpaBHUTEIBHO HU3Kas U 1OTa
nporpaMMmupyemMasi Hykjieaza He MOXKET BHOCHUTH Pa3pbiB B OIPECIICHHBIC YYAaCTKH T€HOMa, YTO
CBSI3BIBAIOT C TUIOTHOM YIIAaKOBKOH XpOMaTHHA B OTHX paiioHax. B aToil pabore OBLTO MOKa3aHO, YTO
3¢ (deKTUBHOCTh BHECEHUS Pa3phiBOB Hykiea3oil AsCasl2a B JIOKychbl TeHOMA, 3aMEHBI B KOTOPBIX,
ACCOLMMPOBAHbl C HEWPOAETeHEPATUBHBIMU M CEPAEYHO-COCYAUCTHIMU 3a00JIEBaHUSIMM 4YEJIOBEKa
(moxycst MYBPC3, APOE, PSENI, LRRK2 n PRKN), conoctaBuMa ¢ 3(p(GEeKTHUBHOCTHIO BHCCCHHUS
paspeiBoB Hykieazoit SpCas9. Kpome Toro, 0bLI0 mpoaeMoHCTpupoBaHHO, uTo B JimHUU WITCK
YyeJoBeKa ¢ TpaHCreHHOM HykJjeasbl AsCasl2a, ycnemno npoucxoaut AsCasl2a-onocpenoBaHHast
TOMOJIOTHYHAsi peKoMOMHanus 3°-o0mactu reHa SOX6 ¢ MIasMHUIHOW JOHOPHOH KOHCTPYKITUCH.
[TonmyueHHbIE pe3yabTaThl MOKA3bIBAIOT TMEPCIEKTUBHOCTh HCIIONB30BAHUS IIPOrPAMMHUPYEMOMA
nykieasbl AsCas12a B kadecTBe mHCTpyMeHTa /71 penaktupoBanus reaomoB UTICK u mocnenyromiero
MOJTYYCHHUS KJICTOUHBIX MOJICJICH pa3IUHBIX 3a00JIeBaHMIA YeTOBEKa.

@unancuposanue: Uccnenosanue noanaepxkano 6tomkeTHbM poektom UIulm CO PAH, Ne FWNR-
2022-0015.
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PaHHWI cKpHUHT Mnoguctpodun JoweHHa/bekkepa

B 3py reHHou Tepanuu: onbiT CaHKT-TeTepbypra
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Early screening of Duchenne/Becker muscular dystrophy
in the era of gene therapy: the St. Petersburg experience

A.A. Atsapkina'*, A.V. Kiselev', M.A. Maretina!, Yu.P. Milyutina', Zh.N. Tumasova',

A.V. Arutyunyan', O.A. Klimenkova?, I.B. Sosnina?, E.V. Snegova?, A.S. Glotov!, O.S. Glotov'
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Mmuonuctpodus [Jromenna (ML) u ee 6onee nerkas popma — muoguctpodus bekkepa (MB) —
9TO HACJEICTBEHHbIE HEPBHO-MBIIIEUHbIE 3a00J€BaHUs, BbI3BaHHBIC MATOICHHBIMH BapUaHTaMH
B reHe DMD, xogupytomem 6enok guctpodus. [Ipu MU/ aucTpoduH MpakTHUECKH OTCYTCTBYET,
YTO NMPHUBOAUT K MPOrpecCUpyroliell MBIIIEUHON aereHepanuu, torna kak npu MJIb ero yposenb
CHIDKCH WJIH 0eJ0K YacTH4HO (yHKIHoHaIeH. O0e (hOpMBI CONPOBOXKIAIOTCS TTOBBIIIICHHEM YPOBHEH
kpearuadocpoknHazsl (KOK) u tpancammunaz B kxpoBu. COBpeMEHHBIC METOIBI TCHHOW TEparuy U
TEHOMHOTO PEIAKTUPOBAHUS, TAKUE KaK TOCTaBKa (DyHKIIMOHAILHOM KOIIMHU TeHa (Harnpumep, npemnapar
Onesuauc), 3x30H-ckunmuHT U CRISPR-Cas9-koppekiusi, OTKphIBalOT HOBBIE BO3MOXKHOCTH IS
naroreHeTndeckoro sedenus M/IJI/MJIB, Ho ux 3pPeKTUBHOCTh 3aBUCUT OT PaHHEH JUATHOCTHKU.
Lenbro pa®oThI sIBIsICTCS anpodaius cenekTuBHOro ckpuauHara MJIJI/M/IB y neteit 2-ro rofa su3Hu
B Cankrt-IletepOypre. Ha nepBom stane msmepsiercst aktuBHOoCcTh KOK kunetnueckum Y®-MeTonoM ¢
NAC-akruBanuei. [Tanmentam ¢ yposaem KOK>250 EJI/1 mpoBOANTCS MOMCK MATOTEHHBIX BAPHAHTOB
B reHe DMD meronom MLPA u CES. Ilo coctosauio Ha 30.06.2025 uccrnenoBansl 2450 00pa3nos:
BBISIBIICHBI 793 ciyuas ¢ moBeienHoi KOK, 4 nmaruenTa ¢ maroreHHsIME BapuantamMu B rene DMD
(TpeM peKOMEHJOBaHa Tepamus ONeBUANCOM). Takxke BBIABICHBI 5 MaNBYMKOB C MOAO3PECHHEM
Ha apyrue HHM3 (myrtamuu B trenax: GYGI, TTN, CLCNI, RYRI, PLEC). Cpenauii Bo3pacT
oOciesioBaHHBIX JeTeld coctaBun 12,6+1,4 mecsues. IlpeaBaputenbHble NaHHBIE MONTBEPIKAAIOT
3¢ HEKTUBHOCTD MPETOKCHHON MOJIEIM CKpUHHUHTA 715 paHHero BolsBieHns MJ1/I/M/Ib. Buenapenue
TaKUX IPOrpaMM OCOOCHHO aKTyaJIbHO B YCIIOBHSIX MOSIBICHHS METOJ0B TCHOMHOTO PEIaKTUPOBaHHUS
Y TEHHOH Tepamuy, MO3BOJISIOMINX CYIICCTBCHHO 3aMEIINTh MPOTPECCHPOBaHIe 3a00NIEBaHMs MIPU
CBOEBPEMCHHOM BMEIIATEIILCTBE.

Dunancuposanue: Viccnenosanue nojyepxano Harmonansaoit Accormanueit «I enernkay.
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HanpaBneHHaa mogudukayna BHeKneTouHbix Besaukyn MCK
AnAa ynpasneHnsa auddepeHUnpoBKoin CTPOMasnbHbIX KNEeTOK
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Targeted modification of MSC extracellular vesicles
to direct stromal cell differentiation

N.A. Basalova*, M.N. Karagyaur, A.E. Tolstoluzhinskaya, M.A. Vigovskiy, N.I. Kalinina,
A.Yu. Efimenko
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B03MOXXHOCTh HampaBiIeHHO H3MEHATH AUGDGEPCHINPOBKY OTACIBHBIX THUMOB KIJIETOK IO3BOJISIET
VIIPaBIATH Tporeccamu pereHepanuu. OZHUM W3 MHOTOOOCIIAIOMNX HHCTPYMEHTOB IUISL ATOTO
spisitotcsi MUKpoPHK  (MuP), crmocoOHbIe HampsMyro mepenporpaMMHUpOBaTh KIETKH. [n vivo
OCHOBHBIM IepeHocurkoM MUP cirykat BHeKksieTouHble Be3ukysl (BB). [Toaromy n3mMenenue cocrasa
muP Bo BB mpencraisiercst nepcreKTUBHBIM MOAX0A0M K YIIPaBICHUIO U] depeHITMPOBKOI KICTOK.
Mesenxumusble crpoManbhble kieTku (MCK), kak u cekpetupyemble uMu BB, sBisIoTCS KiIt0ueBBIMU
yYaCTHHUKAMHU PETyJSIMU MpoleccoB AuddepeHIMpoBKy Ipu perenepanmu u ¢pudpose. 13 cexperoma
MCK (ATCC) o6butn BbiZcnieHbl BB v TpaHChUIIMPOBaHBI CHHTETHYCCKHUMH OJMTOHYKJICOTHIAMH,
MO/IABIISAIOIINMH WIH IMUTHpYIOIKMH 11eeBbie MUP. Cozeprxanue nceineayeMbIX MUP H3MEHSUTH Takoke
HETIOCPE/ICTBCHHO B KJIETKAX C MCIIOIB30BAaHHEM XUMHYCCKOW TpaHC(EKINH WIIH 3IEKTPOIOPAIIHH,
BCTaBKU IUIa3MUJbI, Kogupyomeid MuP, u nomyueHus JTUHUHA ¢ IOAABIEHHEM 3Kclpeccud MuP c
nomoinbeio CRISPR/Cas9. DddexturHoCTh 3arpy3ku MuP Bo BB 1 jocTaBka B 11e/ieBbIe KJICTKH ObLIa
oreHeHa Ha mozaenu TGFB-unnynuposannoii auddepenmuporku GpudpobdiacTos.

MBI oKa3aim, 9To Ka)IbIM U3 HCCIEAYSMBIX METOJIOB MOKHO TOOHUTHCS 3(PEKTHBHOTO (HE MEHEE
4YeM B JiBa pa3a) M3MCHEHHs cojepxaHus leneBoil MuP B cocraBe BB. Onmnako TpaHcdexuus
HerocpeacTBeHHO BB mo3BosieT yBenmauts koamdectBo MuP 6omnee uem B 100 pas. PemakrupoBanme
MCK c momormipio CRISPR/Cas9 no3sosnsiet nonyuuts BB, nieneBast MuP B KOTOpBIX HE IETEKTHPYETCS.
Haubosee BeIpaKeHHBIN AP PEKT Ha TUPPEPEHITMPOBKY HUOPOOIACTOB OKa3biBaroT BB, momydeHHbIe
OT KJICTOK ITOCJIC TCHETHUCCKOM MoaU(UKaIIHY.

Takum 00pa3oM, BO3MOXKHO YIpaBJICHHE HM3MEHEHHEeM cojepxanus mMuP B cocraBe BB-MCK c
MOMOIIIBIO KAK XUMHUYECKUX WIN (PU3NYIECKUX METOAOB, TAK M TEHETUYECKOTO PEAAKTHPOBAHMUS, UTO
MTO3BOJISICT BIHSTH Ha TU(PPEPCHIMPOBKY KICTOK i vitro. JlambHEHIINE HCCIIEIOBaHUS, B TOM YHCIIC
in vivo, HCOOXOIMMBI JTIs OTIPEICICHUS] HanOoJIee YCIICIIHBIX MTOXO0/I0B K YIIPABICHUIO pereHepanueit
TKaHEH.

Qunancuposanue: ViccnenoBaHue BBINOIHEHO Tpu mnoanepxkke rpanta Ne 075-15-2025-487
MuHunCTepCTBa HAyKH U BBICIIETO 00pa3oBanus Poccuiickoit deneparyn.
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.. Xapnamnuesa, B.H. Jlazapes
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Expression system with deep transcriptional repression
and CRISPR-Cas9-mediated activation

P.A. Bobrovsky*, V.A. Manuvera, E.N. Grafskaia, D.D. Kharlampieva, K.A. Brovina,

M.Y. Serebrennikova, V.N. Lazarev

Lopukhin Federal Research and Clinical Center of Physical-Chemical Medicine of Federal Medical Biological
Agency, Moscow, Russia

* pbobrovskiy@gmail.com
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[Ipobnema sKcrpeccuu TeHOB, KOAUPYIOUIMX TOKCHYHBIC OSJIKH B OaKTepHUaIbHBIX CHCTEMaX, TaBHO
BOJTHYET Hay4dHOE COOOIIECTBO — JMake MHHAMAIbHAs Oa3aibHasl SKCIIPECCHsS TAKUX T'€HOB MOXKET
IMPUBOAUTDH K I/IHFI/I6I/IpOBaHI/IIO PpOCTa KJICTOK WJIN UX FI/I6CJII/I. TpaZ[I/IIII/IOHHI)IC IOAXOAbI, BKIIFOUAIOIIHE
HCTIONIb30BAaHUE YCHUIICHHBIX IPOMOTOPOB, JOTONHHUTEIBHBIX PEIPECCOPHBIX CHCTEM FUIH ILTa3MUI
C perynupyeMoi KONMHHOCTBIO, HE 00ECHEUMBAIOT HEOOXOIMMOTO YPOBHS pempeccun 0a3zanbHOU
TpaHCKpUIIHH. B paMkax TaHHOTO IpOeKTa OblTa pa3paboTaHa albTepHATHBHAS CTPATET Hsl, OCHOBAaHHAS
Ha PEryislvy JUIMHBI TpaHCKpunTa. B 5’-HeTpaHcaupyeMyr oOJIacTh IEJIEBOTO Te€Ha BCTPOCHBI
TEPMHUHATOPHl TPAaHCKPUIIINH, TPHBOMIIINEC K MPEKICBPEMEHHON TEepMUHAIUH W OOpa30BaHUIO
HedynkunonanbHbeix PHK. KitoueBoit ocoOeHHOCThIO MeTona siisercss ucnonbzoBanue CRISPR-
Cas9 a7t TOYHOTO BBIPE3aHUSI TSPMHHATOPHOH MOCIEIOBATEIIFHOCTH, YTO MTO3BOIISICT BOCCTAHOBHUTH
JKCIpeccuio 1eneBoro reHa. Hawbonee 53ddekTuBHBIM oOKa3zanoch MNPUMEHEHHE JIBOWHOTO
TEpPMHHATOpA, COUYCTAIOIICTO AIIEMEHTH TepMHHATopa TeHa rrnB E. coli n MOOu(UIPOBaHHOTO
TepMuHaTopa T7. B Xose MHOTO3TamHOro 3KCHepUMEHTAIBLHOTO HCCIISIOBAHHS CHCTEMa ObLiIa CHaJana
ampobupoBana Ha monenu eGFP. MbI mokaszamu oTCyTCTBHE HAKOIUIEHHS (PIyOpecHeHTHOro Oenka
IIPU HAJIMYUU B CPENIE MHIYKTOPaA KCIIPECCUU. BBIIM ONTUMU3UPOBaHbI IapaMETPhl PEJaKTUPOBAHUS
IUTa3MUJ, U B 3aKIIOYCHUE YCIENIHO MPOTECTHPOBAaHA HA YETHIPEX PA3IUIHBIX AaHTHUMHKPOOHBIX
MEeNTHaX C BBIPAKECHHON OaKTepUIIMIHOW aKTUBHOCTHIO. Pa3paboraHHas ruiaTrgopma OTKpHIBAET
HOBBIC BO3MO)KHOCTH JIJIsI KOHTPOJIUPYEMO IKCIIPECCHH BHICOKOTOKCHYHBIX OCTKOB B OaKTEpHATBHBIX
CHUCTEMax C NOTCHIMAJIbHBIM MIPUMEHCHUCM B 6HOT€XHOHOFI/II/I u (l)apMaHeBTI/IKe.

Qunancuposanue: ViccienoBanue BEITOIHEHO 3a c4eT rpanTa Poccuiickoro HayarHoro ¢onma, Ne 23-
15-00084, https://rscf.ru/project/23-15-00084/.
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Functional genomics of cellular stress resistance using CRISPRa
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OyHKIMOHATIBHAS TEHOMHKA YEJIOBEKa — 3TO OIPOMHAs MO CBOEMY 00BEMY 00JAaCTh COBPEMEHHOU
ononornu. OmHAKO MPUMEHCHUE e¢ 3HAHUH MUl YIPABICHHUS CIOKHBIM (PEHOTHIIOM YPE3BBIYAHO
OTpaHUYCHO. B TOM umucie 3To KacaeTcsl ynpaBICHHS KIETOUHON YCTOWIMBOCTH K TEHOTOKCHUECKOMY
U OKHCIUTENbHOMY cTpeccy. IlpuumHamMu 3TOro, Cpead MpodYdX, SBISETCS HEIOCTaTOK
9KCTIEPUMEHTAIBHBIX JAHHBIX CJICAYIONIETO pofa: a) 3(p(eKToB OMHOBPEMEHHOM CBEPXIKCIIPECCUH NN
MOAaBJICHUS KOMOWHANNH (QYHKIIMOHAFHO B3aMMOCBS3aHHBIX TEHOB, 0) 2(pekToB cBepxIKCIpeccHn
WIN TIOJIaBJICHUS OJHUX M TEX XK€ I'CHOB B PA3IMYHON CTENCHH, B) (YHKIIMOHAJIBHBIX pPa3THIMN
aJIbTePHATUBHBIX TPAHCKPUIITOB OJHUX M T€X K€ '€HOB, ') Pa3MEUEHHBIX TPAHCKPUIITOMHBIX JaHHBIX
JUTs 9 PEKTHBHOTO MAIIMHHOTO OOYYEHHUSI.

Ha ocHoBe 0ONBIIOr0 MaccHUBa CPaBHHUTENBHBIX TPAHCKPUIITOMHBIX JAHHBIX M CHCTEMATHUCCKOTO
aHajuM3a JIUTEpaTypbl OBUIM HAWICHBI MEPCHCKTUBHBIC MHIIEHH M UX (YHKIHOHAJIBHO
KOMIUICMEHTapHbIC KOMOWHALIMK C MOMOIIBI0 CBEPXIKCIPECCHH KOTOPHIX MOXKHO ITOBBICHTH
KJICTOUHYIO CTpeccoyToitunBocTh. [Ipeanosker HOBbIM MeXaHN3M (POPMHUPOBAHUS PATHOYCTONIMBOCTH
OTIYXOJIEBBIX KJIETOK, CBSI3aHHBIN CO CBEPXIKCIIPECCUEH MPOTUBOBUPYCHOTO TeHa [FITM .

C nomompro TexHonorun CRISPRa mnpoBeneHa cepusi 3KCIEPUMEHTOB IO OLIGHKE BIIMSHUSA
cBepxokcripeccun [FITM1, a Takxe TEHOB aHTHOKCHUAAHTHOW 3amuthl (SODI-3, CAT, GPX3),
pacrno3HaBaHus NOBpexAeHu reHOMHOU (RPA 1, XPC, RAD23B)umutoxouapuansroit JHK (MUTYH)
HaycroitunBocTh Kietok HEK293T. [Tokazano, uTo cBepXIKcIpeccus GYHKITHOHATFHO 000 CHOBaHHBIX
KOMOMHAIINI TeHOB CTpecC-0TBETAa MOXKET IIPUBOJUTE K MOBBIIICHUIO CTPECCOYCTOWINBOCTH KIIETOK,
IIPY TOM 9TO CBEPXIKCIIPECCHS TEX JKE TEHOB IT0 OTACIFHOCTH HE HMeeT Takoro addekra. Ha mpumepe
rena SOD2 moka3zaHa 3aBUCUMOCTh 3((EKTOB OT 03Bl CBEpXdKcrpeccuu. lIpennoskeHbl HOBBIC
MTOAXOIBI K POPMHUPOBAHHIO Pa3MEUCHHBIX TPAHCKPUITOMHBIX TaHHBIX, ¢ Ucmionb3oBanneM CRISPRa
u CRISPRIi ams 6onee 3¢h(peKTUBHOTO MAIIMHHOTO 00yUCHHUS.

QDunancuposanue: ViccnenoBanue moiepKaHo TocyaapcTBeHHbIM 3a1aanemM, Ne 122040600024-5.
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[IpaiimupoBanHoe penaktupoBanue (PE) — coBpemennas mardopma JUisi TOYHOTO BHECCHHS
W3MCHEHUH B TeHOM 0e3 00pa3oBaHms AByIenouedHbIX pa3pbiBoB JIHK. Ee addexTrnBHOCTE MOXKET
CHIKAThCS U3-3a MOTEPH BHECCHHBIX M3MEHEHHH B IpoIlecce YAaJCHUS BBICTYMAIOMINX YYacTKOB
JHK [1]. Jnst peruenuss 3Toil mpoOieMbl Mbl paspaboTanu 12 moauduuupoBaHHbIX cucteM PE,
coenuuuB penpaktop PEmax ¢ onHoit n3 mykneas (FEN1, EXO1 unn ykopouennoit HEX-N2) uepes
4- unu 16-aMUHOKHUCIIOTHBIE JTUHKEPHI.

Ju3aitn koHcTpyKuuit co3naBanu ¢ nomotbio PE-Designer, pegLIT u Benchling. /1yt cOopku pegRNA
ucnoib3oBanu pUb-pegRNA-GG-acceptor, MomudUITUPOBAHHBIC PEIAKTOPBI KIIOHHpOBaiu B pCM V-
PEmax. DkcrnepuMEHTHI MPOBOAMIM Ha 0a3albHBIX KJIETKax Jerkoro, moiaydeHHbIx u3 uMIICK
MAIMCHTOB ¢ MyKoBHCIHI030M (Tromo3urotbl F508del B rene CFTR). JlocTaBKy OCYHICCTBIISIIH
munodeknueit, 3pHEeKTHBHOCTD OIIEHUBAIH uepe3 72 yaca TITyOOKUM TapreTHBIM CCKBCHUPOBAHUCM.
CrarucTuieckuil aHaIn3 MPOBOIUIIN C UCTIONB30BaHNeM TecTa JlarnHa B mporpamme Graphpad Prism
9.

Haunbonpmyio 3¢ dekTHBHOCTS MOKa3ana cucTeMa peaakTiupoBaHus Ha ocHoBe FEN1, cBs3anHOI ¢
PEmax 4-aMHHOKHCIIOTHBIM JIMHKEPOM — CpelHUi ypoBeHb Koppeknuu F508del B rene CFTR 6bu1
B JIBa pa3a BBILIE, YeM IPU PEIAaKTUPOBAHUU C MOMOILIbIO cTaHAapTHOH cuctembl PEmax. Taxkum
obpasoM, Oblma paspaboTaHa 3¢QexTuBHas MoAn(HUKANUS NPAHMHPOBAHHOTO PEIAKTHPOBAHMSA,
MepCIEeKTUBHAs Ul JajbHEeHIIero NpuMeHeHUsl KaK B MCCIIEIOBATENbCKUX LENAX, TaK U B LEJIX
pa3paboTKM I'eHHOI Tepanyuy Ha OCHOBE TECHOMHOTO peIaKTHUPOBAHHUS.

Qunancuposanue: PaboTta BHIITOTHEHA B paMKaxX TOCYIapCTBEHHOTO 3amanus MuHoOpHayku Poccuun
ans GI'BHY «MI'HL».

Cnucox numepamypul
1. Chen PJ., Hussmann J.A., Yan J. et al. Enhanced prime editing systems by manipulating cellular determinants of
editing outcomes. Cell. 2021;184(22):5635-5652.¢29. doi 10.1016/j.cell.2021.09.018
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C uenpl0 U3YYCHHUS BBIPAXECHHOCTH PAHHETO HMMMYHHOTO OTBETa IIPOBEACHO HCCIIECOBAHHE
cyormomymsimunn T- u B-muMbonuToB, NUTOKHHOBOTO TPOGWISL W IUIA3MCHHBIX BHEKJICTOYHBIC
Be3ukynel (BB) y manumentos 1o u mocne xopoHapHoro myHTHpoBaHus (AKII) ¢ McKyccTBEHHBIM
kpoBooOpamenueM (MK, n=18) u 6e3 rakoBoro (6e3 UK, n = 18). [TpoBoawiu 3a60p neprudepudeckoi
KpoBH Jou4epe324yacanocneonepanui. OneHnBaIn cyononysinnonHsiii coctaB T-uB-nmumdornuros,
npoBoamn eHoTHIMpoBaHue BB, a Take ompeaesuti ypoBeHb 47 nuTokuHOB. [Ipumenerne MK
INPUBOAMIO K 3HAUUTEIBHBIM M3MEHCHMSM B ypoBHAX BB, ocoberno TpomOormrapusix (CD62P+),
suporenuanbHbix (CD31+), B-kmerounsix (CD19+), a Taxke Hecymmx TpPOMOOIMTApHBIE U
sputpouruTapusie Mapkepbl (CD41+CD235a+). YpoeHau BB, akcnipeccnpyrommx MoJIeKybl aKTHBAITHH
tpomborToB (CD41+CD62P+), cHmxkanuch depe3 24 yaca IMOCE OMepanuu B O00CUX TPYIIax.
beuto mokasano, uro nocie onepauuu ¢ UK yBenuumBaercs kxonudectso BB, mpoucxopsaimux us
T-perymsropubix  knetok (CD73+CD39+). BwisBneHbl KOppemsiiui MeXAy ypoBHsMU BB nu
muToKMHaMu, ocobeHHo mocne MK (nelikonuTtapHeie BB MonokuTenpbHO KOPPEIMPYIOT APYT C
npyrom u ¢ utokuHoM GRO, HO oTpunarensHo — ¢ sunorenuansasiMu BB (CD90+, CD31+)); BB
CD73+ xoppenupyrT ¢ ypoBHEM TpoMOOIHMTOB ¥ spuTpouuTapubivu BB (CD235a+). Pesynbsrars
CCKBCHHPOBAaHUSI 00pa3noB BB mpomeMoHCTpupoBamm pa3iuuus B CHEKTPE TPAHCIOPTHPYEMBIX
mukpoPHK 1o u nocine onepauuu. BrisiBieHHbIE U3MEHEHUsI YKa3blBalOT HA Yy4acTUE B PETYISALAU
MMMYHHOTI'O OTBETA [10CJIE ONEepaly Ha OTKPBITOM CepaLe.

Qunancuposanue: Viccaenopanue noaaepxkano rpanTom Poccuiickoro Hayynoro ¢onma Ne 19-75-
20076.
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CTpyKTypHO-(pyHKIIMOHAIBHBIC U3MECHEHHS BHYTPECHHETO CII0SI COCYAUCTOM CTEHKH IPHU CCIICKTUBHOM
BO3ZCHCTBUU Ha HHIOTEIMH JIEHKOLMTOB IMpPHU3HAHBI BEAYIIMM MEXaHU3MOM IPOrPEeCCUPOBAHUS
niepedpanpHoi Mukpoanruonariu (LIMA). Llupkynupyronue B nepu epruieckoil KpoBH BHEKICTOUHBIC
Be3uKynbl (BB) SBISTIOTCS TIPOM3BOMHBIMH MEMOpaH armoNTOTHYCCKIX/aKTUBUPOBAHHBIX KIIETOK
U TIPEICTABIAIOT cOOON TeTEPOreHHYIO MOMY/IIINI0 CyOMUKPOHHBIX yacTHIl oT 30 HM 10 1000 HM,
BBICTYIIAIOT B KAYECTBE Ay TOKPHHHBIX H MAPAKPHHHBIX dPPEKTOPOB MEKKICTOTHOTO B3aNMOACHCTBHS
U MOTYT CTaThb 3(QEKTUBHBIMM OMOJOTMYECKHIMHU MapKepaMu SHAOTEIHANIBHOIO TOMEOCTa3a,
BOCIIAJICHUS, TEMOKOATyJISIIUH, aHTHOTeHEe3a M TpoM0O03a. LIers paboThl — H3yYHTh Cy OOy ISIIHOHHBINA
cocTaB U (PCHOTUIMHUCCKUHM MPOQUIb MyNla NUPKYIUPYIOMNX MHKPOBE3HUKY y MarueHToB ¢ [IMA.
OnpeneneHo, 9yTo y nmanueHToB ¢ [IMA (n = 56) B ocTpoM nepuojie JJaKyHapHOTo HH(apKTa MO3Tra
(JIMIM) BBISBNSAETCS 3HAYMMOE YBEIMUYCHUEC OTHOCHTEIBHOTO COACPXKaHUS TpoMOormTapHeIx BB ¢
¢denoruniom CD41°CD61°CD69"CD62P*AnnexinV* (79,15+1,72%, p = 0,001) u 3HIOTEIHATBHBIX
BB ¢ ¢enorunom CD309°CD144°CD146"CD62E* CD31* (7,74+1,19%, p = 0,030) oTHOCHTENbHO
WX YPOBHEHW y YCIOBHO 310poBbIX nur (65,38+2,93% wu 3,36+£0,65% coorBercTBenHo). Crnenan
BBIBOJ], UYTO XaPAKTEPUCTHKA (PEHOTUIIMUYECKOTO MPO(UIS U YCTAHOBICHUE YPOBHEH MUKPOBE3UKYII
SHIOTCIUATFHOTO ¥ TPOMOOIMTAPHOTO TIPOUCXOKIACHUS MOXKET CIYXKHTh IOTONHUTEIHHBIM
KPUTEPUEM OIICHKH LIEIOCTHOCTH YHAOTEIHS [IepeOpatbHOT0 MUKPOLUPKYISITOPHOTO PYClIa B OCTPOM
niepuoze JINM npu [IMA.

Q@unancuposanue: Viccnenosanue nogaepxkaHo ['HTII «Hosele MeTonpsl okazaHus METUITMHCKON
momommy», 3amanue 02.14 «Pa3paborare W BHENPHUTH METO MEPCOHH(PHUIIUPOBAHHOTO IJICUCHHUS
JaKyHApHBIX MH(APKTOB IPH LepeOpaTbHON MUKPOAHTHOIATHI.
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Modeling neurodegenerative diseases using induced
pluripotent stem cells and CRISPR/Cas9 editing technology
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Bbnaronaps oTkpbITHIO (heHOMEHa penporpaMMUPOBAHUS COMATHYECKUX KIIETOK K TUTFOPUIIOTEHTHOMY
COCTOSTHHIO ¥ CIIOCOOHOCTH IUTIOPUIIOTEHTHBIX KIETOK HANpaBJICHHO IUPPEPCHIINPOBATHCS
MPAaKTUYECKH B JIFOOOM THIT KIETOK, MOSBHJIACH BO3MOXKHOCTH CO3/1aBaTh MAlMEHT-CHEIH(PHIHBIC
KJICTOYHBIC MOJICITH 32a00JICBaHUM, aCCOIMAPOBAHHBIX C Pa3IMYHBIMU MATOTCHHBIMHA TCHETHYCCKIMU
BapuaHTamu. [lodydeHHBIC KJIETOYHbIE IUIATGOPMBI TO3BONSIOT H3ydaTh Ha MOIEKYISIPHO-
FeHETUYECKOM YPOBHE paHHHE MaTOJIOTHYECKHE MPOLECChl, 3allyCKAIOLUMe KacKall CUTHAJbHBIX
MyTeH, MPOBOIUTH MOUCK MUIIIEHEH, MOAYIUPYIOIIUX 3T CUTHAIBHBIC MTyTH, & TAK)KE OCYIIECTBIATh
TECTUPOBAHWE HOBBIX IMOTEHLUHUAIbHBIX JIEKAPCTBEHHBIX IpenaparoB. 3a mocieaHue 15 ner B
naboparopun snurenetuku pazsutus Mulm CO PAH Obut co3nan 6nodaHk nmanueHT-crenuGuIHbIx
UIICK ot 601pHBIX TAKMMH 3200JICBAaHUSAMH, Kak OoJie3Hu [ eHTHHTTOHA, [lapkuHCOHA, ANbIreiiMepa,
J00HO-BUCOYHASI AEMEHIUS C TAPKUHCOHU3MOM- 1 7, aMmuoTpodudeckuit 00koBOM CKIIEpO3, CIUHATIBHAS
MBIIIeUHasT atpodust, MuomucTpodus JlromenHa, runeprpoduieckas KapIuOMHOIATHS, CeMeiHast
CpeIM3EeMHOMOPCKast TINXOpajika, ceMeitHas runepxonectepuHemus [la Tuna u ap. Taxoke Onaromgaps
texHonorurt CRISPR/Cas9 Obuti co3anbl TpaHCTCHHBIC THHUH, HECYIIIE TCHETHUCCKU KOAUPYEMBbIC
ouoceHcopsl, Takue kak MitoTimer, 6uocencop crpecca DIIP, a Takxke uzorennsie nuann UTICK co
BcrpoeHHBIM TpancreHoM SNCA (UTICK-SNCA).

W3BecTHO, uTO OONe3Hb [lapkuHCOHA acCOIMHUPYETCS C TEHETUYCCKUMH BapUAHTAMHU B PAa3IMYHBIX
TeHax, HanboJiee pacpoCTPAaHEHHBIMU U3 KOTOPBIX sABIsOTCS LRRK2, GBAI, PRKN, PINKI. Panee
ObUIO JOKa3aHO, YTO HEKOTOpBIC BapuaHTHI B reHe SNCA BBI3BIBAIOT CeMEHbIC (DOPMBI JTAaHHOTO
3a0oneBanws U eMeHImio ¢ tenbiiamu Jlesu. B rpancrernsix UTICK-SNCA noBsImaeTcest SkCrpeccus
CUHYKJICHHA, YTO JTOJDKHO MPUBOIUTH K HAKOIJICHUIO OJMTOMEPHBIX (DOPM M arperaroB CHHYKJICHHA
B KJIETKaX, M TaKUM 00pazoM, MoAeIrpoBarhk 0oie3nb [lapkuncona. Mcmoms3ys nodhamMuHeprudeckue
Helponsl, noayueHHble u3 UIICK-SNCA, B03MOXHO M3ydaTh paHHHUE MAaTOJOTHYECKUE MPOIIECCHI
MIPY CUHYKJIEUHOIIATHH.

Dunancuposanue: Viccnenosanue nojaepxkano rpantom PH® Ne 23-15-00224.
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[IpennoxkeHa KOHLENIMS JOCTAaBKU TPOTHBOOMYXOJEBBIX IPEHapaTroB, KOTOpas SBISETCS
AIBTePHATHBON CYIIECTBYIOIINM ITOX0AM, OCHOBAaHHBIM Ha 3((EKTe MOBHIIICHHON TPOHUIIAEMOCTH
u ynepxkanus (EPR). Ham moaxon ocHOBaH Ha YCHJICHHOM HaKOIUICHHWHM HAHOHOCHTENEH C
JICKapCTBCHHBIM CPEACTBOM B COCYIaX OMYXOJH C MOCICAYIOMINM OBICTPHIM BBICBOOOXKICHHEM
MHKAIICYJMPOBAHHOTO Mperapara, YTo MPUBOAUT K A(P(EKTHBHOMY NMPOHHKHOBEHUIO JICKApCTBA B
LIEJIEBYIO TKaHb.

CeJeKTUBHOCTD JIOCTABKU TEPANEBTUYCCKOTO arcHTa K IIEJNEBBIM KIIETKAM BaKHA JUIS CHIDKCHHUS
o0Imeil TOKCHYEeCKOW HArpy3Kd Ha OpraHu3M. MBI TPEUIOKHIH P TTOIXOA0B, OCHOBAaHHBIX Ha
MHOTO()YHKIIMOHAIBHBIX CTPYKTypaX, KOTOphIE COYCTAIOT aApECHBIC MOMYIH Ul PaclO3HABaHUS
OITyXOJICBBIX KIICTOK W AareHThl Ui TOYHOW IHAarHOCTHKA W 2(P(EKTHBHOW Tepamuu paka.
[IponemoHCTpUpOBaH CHHEPreTHYECKUi 3(h(EKT KOMOMHHUPOBAHHON MMMYHO- M XMMHOTEpanuw,
OCHOBaHHBII Ha CEJEKTUBHOW JJOCTABKE K OIyXOJHM COCIMHEHHUH, UMEIOIUX Pa3InYHbI MEeXaHU3M
JIeHCTBUSI.

s poronuaamudeckoii Teparmu (OJIT) riryOoKo 3aeraronux omyxosei pa3padoTaHa METO0TOTHS
TCHETUYCCKH KOAMPYeMOW OHOJIOMHHECIEHTHON pe3oHaHcHOW mnepenaun »Heprun (BRET)-
aktuBupyeMoir OJIT, koTopast o0benUHICT BHYTPESHHAH HCTOYHUK CBETAa M (POTOCCHCHOMIN3ATOP
B CIMHOM TCHETHUCCKOH KOHCTpYKIUH. C MOMOIIBbIO ICEBIOTHIIHPOBAHHBIX BHPYCOB €€ MOXKHO
JOCTaBJIATH B OIYXOJIH, PACIIONOKEHHBIE Ha MMPAKTUYECKHU HEOrpaHUUEHHOH IITyOuHe.

Hus ynyumieHust (papMakOKHMHETHKHM, YBEJTHMUYEHHUS BPEMEHU MNpPeOBbIBaHUS B KPOBH M CHIDKCHHS
HAKOIUICHHUS B IIOYKAX MaJIbIX LEJIEBbIX ar€HTOB MbI NPEAJIOKUIN CIUIHUE aAPECHOrO MOIUINENTHIA
C JIOMCHOM, CBSI3BIBAIOIIMM aJbOyMHH. DTO MPEIOTBPAINACT OBICTPYIO MOYEUHYIO 3KCKPELHUIO U
BBICOKYIO TIOUCUHYIO peadCcopOIIHIo, UTO IPHUBOIUT K JIyUIIeMy HallCIUBAHUIO Ha OITyXOITb.
Qunancuposanue: Viccaenopanue nojiepxxano MUHHCTEpCTBOM HAYKH U BbICIIEro oOpasoBanus PO,
Ne 075-15-2024-536.
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Hecmotpst Ha 1O uTO runeprpoduueckas kapauomuonarust (I'KMII) sBnsercs oqauMm u3 Haubosee
pacIpoCTpaHEHHBIX CEPACYHO-COCYANCTRIX 3a0oyieBaHUi, mpodieMa pa3paboTKH d(PPEKTUBHBIX
METOIOB €r0 Tepaluu TaK U OCTaeTcs HepeuleHHOW. lIpuMeHeHue KIETOYHBIX TEXHOJIOTHH —
MOJTyYEHUE KapIUOMHOIIMNTOB B PE3yNbTaTe HAIlpaBICHHOH AU(p(PEpeHINPOBKH WHIYIIUPOBAHHBIX
TUTFOPUTIOTEHTHBIX CTBOJIOBBIX KieTok (MIICK) dvenoBeka — OTKpBUIO HOBBIE BO3MOXKHOCTH ISt
BBISICHEHHUSI MOJIEKYJISIPHBIX NAaTOT€HETHYECKUX MEXaHMU3MOB, Jexamux B ocHoBe ' KMII, u noucka
MUIIEHEN JIJIs1 Tepanuu.

Hapsiny ¢ xmerognbiMu TexHONOorusMH, mipu m3ydernn ['KMII Bce Gonee aKTHBHO HCIONB3YIOTCS
METOJIbI PEAAKTUPOBAHIS HYKJICOTHAHBIX TTOCIEI0BATEIBLHOCTEH, B ocobeHHOCTH cucTema CRISPR/
Cas9. CoBMecTHOE IPUMEHEHHUE JIBYX TEXHOJIOTUH M03BOJIsAET nonyyars uzorenusle auauun UIICK,
KOTOpBIC Pa3NYalOTCsd HAJIMIMEM W/HIN OTCYTCTBUEM OIHOTO T'€HETHYECKOTO BapHaHTa, YTO JacT
BO3MOXHOCTB PELIaTh HEJIbIH psa HaydHbIX 3a/1a4: CO3/1aBaTh HOBBIE KJIETOUHBIE MOJIEIH IS U3yUSHUS
I'KMII u «310pOBbIe» N30T€HHBIE KOHTPOJIH, @ TAKXKE BBIACHATH IaTOT€HETUUECKUI BKJIAJ BADUAHTOB
C HESACHBIM KJIMHUYECKHUM 3HauyeHueM B pa3sutue ' KMIL

ITomumo 0030pHOI yacTH, B JOKJIaae OyayT MpPEACTABICHBI JAHHBIC aBTOPOB MO HCIIOIb30BAHUIO
texnonoruit UTICK u CRISPR/Cas9 st onieHkH maToreHeTHueckoro Bkiaaa B pazsutre ' KMIT aByx
BapUAHTOB C HESICHBIM KIIMHUYIECCKUM 3HadeHUuEeM: p.M6591 B rene MYH7 np.N515del B rene MYBPC3.
Bruto mokazaHo, 9To HATMYKE JTaHHBIX TEHETHYECKAX BAPHAHTOB (KaK MAUCHT-CIICIU(DUIHBIX, TaK U
BHECEHHBIX ¢ omotrpio cuctembl CRISPR/Cas9) npuBonnio k yBenMueHHIO pa3mMepa 1 HapyIIeHUI0
SHEPTEeTHICCKOTO METabOoM3Ma KapIHOMHIOIIUTOB IO CPAaBHEHUIO ¢ M30TCHHBIM KOHTponem. Kpome
Toro, BapuaHt p.M6591 B rene MYH7 Takxe BbI3bIBaJl U3MEHEHHUS B IMaTTEPHE HKCIPECCUH psiaa
PEryJasSTOPHBIX M CAapKOMEpPHBIX I'€HOB M YBEJIMYEHHE YPOBHS HOHOB KajlbliMs Ha CTaJUM IOKOS
KapJIUOMHUOLUTOB. OTU pe3ylbTaTbl CBUIETEILCTBYIOT B II0JIb3y IATOI€HHOCTU MCCIELYyEMBIX
BapHUAHTOB.

Qunancuposanue: ccneaosanune noaaepxano oromxerHsiM npoekroM M ulr CO PAH FWNR-2022-
0015 u PoccuiickuM HaydHBIM (oHIOM, Ne 22-15-00271.
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KreTodnbsie Mogen akTUBHO TPUMEHSFOTCS JJIsl M3YYCHHUS KJIETOYHBIX MPOIIECCOB, MOJCTUPOBAHUS
3a00NeBaHMl, TECTHPOBaHMS JIeKapcTB. B pamkax wmykoBucuumo3a (MB) ximerounsle Momenu
HEOOXOIUMBI ISl MOI0Opa TapreTHOM Tepanmuy MaleHTaM M CKPUHUHTA HOBBIX MpenapaTos.
Kretounbie Mozienn pecupaTopHOTO SITUTETHS 0COOCHHO aKTyalIbHEI Tpr M B, OCKONbKY Yarie Bcero
MaTOJIOTHSI CO CTOPOHBI JBIXaTeIbHONW CHUCTEMBI SIBIISIETCS HanOoJee 4acTOM MPUYHMHOM JIETaTbHBIX
HCXOIOB.

B pabote npoBoauiau monyueHHe KIETOUHBIX Monened MB 6aszanbHbIX KieTok jerkoro (BKJI) u
JerouHbIX opranouioB (JIO) m3 MHAYIMPOBAHHBIX TUIIOPUITOTEHTHBIX CTBOJOBBIX KieTok (MUIICK)
OT TalueHToB ¢ MB u 3710poBBIX AOHOPOB MO paHee oTpaboTaHHOMY mpoTokony [1]. JlocTaBky
m1a3MuIb, cofepxkamieit red GFP (10 Ko6), ns mogbopa 3 GeKTHBHBIX yCIOBHIA TPOBOIUIIA METOIOM
munodexnuu (Lipofectamin LTX) u snexrponopamnuu (Neon). dynknuonansHas aktuBHOCTh CFTR-
kaHasna (pabota KoToporo HapymieHa mpu MB) onieHrBaIack METoqoM (HOPCKOIMH-MHIYITHPOBAHHOTO
HaOyxanus (PUH) JIO.

IMomywenst BKJI ot 5 manmmentoB ¢ MB u 2 3m0poBbix aoHopoB, JIO ot 7 manmentoB ¢ MB u 3
30pOBBIX AOHOPOB. Crioco0 MOCTaBKU MIasMUAHOM KoHCTpyKimu B BKJI meromoM numnodexmmn
MPOJEMOHCTPUPOBAIT HAMITYYIIYO 3P PEKTUBHOCTH M BOCTIPOU3BOAMMOCTH (23,2+6,3%) B CpaBHCHHUH
¢ anekrponopanueit (21,3£15,9%). Ilpu onenke gpyHkmonanbHoi aktuBHOCTH CFTR-kanana B JIO
MOKa3aHO CTaTUCTUYECKH 3HaYMMoe oinuue Mexxay JIO ot nanuentos ¢ MB 1 0T 310pOBBIX TOHOPOB
(p<0,0001). ITpu Bo3aEHCTBUYN MpenapaToB maroreHeTudeckoii Tepanud MB Ha JIO oT manueHToB ¢
MB nabnronanocs BocctanosieHue padotsl CFTR-kaHana.

PesynbraTsl paboThl IEMOHCTPUPYIOT BO3MOXKHOCTE TpuMeHeHust BKJI B kauecTBe KIIETOUHOM MOIeH
JUTs pazpaboTku TeHHou Teparmu MB. JIO sBnstorcst 3D-knetounodt Monenpio MB 1 TIO3BOJISIIOT
penpe3eHTaTuBHO oleHuBaTh nposoaumMocts CFTR-kanana npu MB.

Qunancuposanue: PaboTa mogiepxxana rocyJapcTBEHHBIM 3a1aHineM MUHHCTEPCTBAa 00pa30BaHUs U
Hayku P®.

Cnucox aumepamypbl

1. Demchenko A., Belova L., Balyasin M. et al. Airway Basal Cells from Human-Induced Pluripotent Stem Cells: A
New Frontier in Cystic Fibrosis Research. Front Cell Dev Biol. 2024;12:1336392. doi 10.3389/fcell.2024.1336392
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MonyuyeHwne pacteHun Nicotiana benthamiana «BupycHbix ¢pabpunk»

c nomouubio metoga VIGE Ha ocHoBe Bupyca TSWV
M.B. Imutpuesa'*, A.B. TTonxosckuit', P.A. Komaxun?, U.B. Kupos!

! Mockoeckuil uzuro-mexnuueckuti uncmumym, Jloneonpyonsiii, Poccus
2 Beepoccutickutl Hay4HO-UCCIe008aAMeNbCKULL UHCIMUMYM CelbCKOX03sicmeentol buomexnonocuu, Mockea, Poccus
* dmitrievamarinal 0@yandex.ru
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Nicotiana benthamiana “virus factory” obtainment via
TSWV-based VIGE

M.V. Dmiitrieva'*, A.V. Polkhovsky', R.A. Komakhin?, 1.V. Kirov!

' Moscow Institute of Physics and Technology, Dolgoprudny, Russia

2 All-Russian Research Institute of Agricultural Biotechnology, Moscow, Russia
* dmitrievamarinal O@yandex.ru

Key words: biological mutagenesis; VIGE; TSWV; CRISPR-Cas9; DCL

Bupyc-onocpenosannoe pepaktuposanue reHoB (VIGE) cranoBuTcs emie OgHUM HampaBICHHEM
MyTareHe3a, KOTOPBIA IT03BOJSCT IONYYHTh PACTCHHS C TOYHBIMH MYTAIlUSIMH, HE HCIONB3Ys
Tpancrene3 («DNA-freey). Tarxke npeumymiectBoM VIGE sBusiercs TO, 4TO MHOTHE Ba)KHBIC
CCITbCKOXO3SICTBCHHBIC ~ PACTEHUSI,  HEMOABEP)KCHHBIC  KIIACCHYECKOH  arpoOaxkTepHanbHOU
TpaHchOopMaIuy, MOTYT OBITH MOJBEPKCHBI 3apakCHUI0 BUpycamu. [list obnerdeHust mporecca ux
3apa)KCHUs] HEOOXOMUMEI CIICIHATbHBIC PACTCHUSI-IOCPSTHUKH C OCTIA0IICHHBIM MTPOTHBOBUPYCHBIM
OTBCTOM — «BUPYCHBIC (PAOPUKU», B KOTOPHIX OyAET MPOBOAUTCS HApabOTKa BHPYCHBIX YaCTHUI JUIS
MOCTICAYIOMICTO 3apaKCHUST CEIBCKOXO3SIMCTBEHHBIX KYJBTYp. PaHee BHPYC ISATHHCTOTO YBSITAHWUS
tomaroB (TSWYV) wucnonw3oBancs st OectpaHcreHHod noctaBku cuctembl CRISPR-Cas9 B
pacTUTEIbHBIC KIETKH U MyTarcHe3a B IIEJICBhIX TCHAX.

B nanHoii paboTe MBI aIaNTHPOBAIIN BUPYC-OIIOCPEIOBAHHBII MyTareHe3 pacTCHUI Ha OCHOBE BUpyca
TSWYV Ha npumepe reHa putoenaecarypassl (NbPDS) v IPUMEHUIIH €T0 JIJIS TAPTETHOTO MyTarcHesa
TeHOB Jaiicep-nogooHoro 6enka 2 (NbDCL2) u naiicep-nomgodnoro 6enka 4 (NbDCL4). J1nsi nony4yeHus
pacTeHHi ¢ MyTaIMsIMH B IENCBBIX T€HAX MBI HCIONB30BAIH 7 Vitro PEreHEepanuio U3 CHCTEMHO
WHPUIMPOBAHHBIX JIUCTheB N. benthamiana. CexBeHUpOBaHUE TTOKA3aI0, 4To Oosee 95% pacTeHwmii-
pereHepaHnToB Heclnn MyTanuu B 1—4 mokycax PDS. [l mpoBepkr HACICTOBaHUS OBUIO MMOIYICHO
noToMCTBO (M) ¢ pacTenuii, Hecymux mytaiuu B 2-3 renax PDS (M,). [loroMcTBO 3THX pacTeHumi
JIAJIO paclieryicHHe 1Mo (PEHOTHUITY 3eJICHBX MPOPOCTKOB K OenbiM 3:1 u 15:1. Hamu Oblin moTydeHsI
pactenust N. benthamiana ¢ HokaytoM 1o reHam DCL2 (3ddextuBHOCTD cocTaBmna 2—48%) u DCL4
(3 pexTuBHOCTE COcTaBmIa 3—16%). Kpome Toro, mpu pereHepanuu oTpegak THPOBaHHBIX TKaHEH HAaMU
ObUTH MOJTy4eHBI HOKAYTHBIC pacTeHUsI-pereHepanTsl o reny NbDCL2 (3¢ (eKTHBHOCTh COCTaBHIIA
2-98%) u NbDCL4 (3¢ dexruBHOCTE cocTaBmia 4-99%). Pactenus, conepkariye MyTalliy B TeHaX
NbDCL2/4, GynyT B JanbHEWIIEM HCIONb30BaThCs Il HApaOOTKH BHUPYCHBIX YAaCTHUI[ C LEIBIO
3apa)KCHUS IPYTUX BUIIOB PACTCHUI.

Qunancuposanue: ViccnenoBanue noaaepxano B pamkax [Ipuopurter 2030 (MOTU, dusrex).
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KneTtouHaa Tepanusa NHCyNnH-aepuumTOoB
Ha ocHoBe UTMCK - 3-KneToK n nonnmepHoOm Kancynbl
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Cell therapy of insulin deficiency

based on iPSCs - 3-cells and polymer capsule
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A. Bogomolova!, A. Panova' 4, A. Barinova'
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Lenp nccnenoBanust — pa3padoTka BHICOKOI((EKTUBHOI CHCTEMBI Ha OCHOBE TU((PEPEHIIMPOBAHHBIX
n3 UTICK B-kmeTox B *UMMYHOU3OIHUPYIONICH Karicyne AJisl KOMIICHCAIINH HHCYIHH-Ae(QOUITHTOB.

K nacrosmemy MomenTy BbIOpansl ueTsipe tuann MIICK ¢ BBICOKOI peaAcTaBICHHOCTEI0 MAPKEPOB
Ne(UHUTHBHONW SHTOACPMBI IS TIONYYCHUS HWHCYIHH-TIPOXynupyronmx [-kietok. [logoOpan
IPOTOKON JTU((EPCHIIMPOBKY, BBIIBICHO, YTO CO3JaHHE THIEPTOHWYECCKUX YCIOBHH MOBBIIIACT
(P PEeKTUBHOCTH MOYTH BIBOE. BriOpana nmuHuUs kierok B2M, ona ciocoOHa muddepeHInpoBaThes
B SHTOJCPMAJILHOM HAIIPaBICHUH, SKCIPECCUPYET MapKepbl NC(GUHUTUBHON SHTOACPMBI, CHUXKACT
MMMYHHBIH OTBET.

Pazpaborana meronmka (hOpMHPOBAHUS AJBTUHATHBIX KAICyJd HAa OCHOBE CONEH TPEXBAaJCHTHBIX
U JBYXBAJICHTHBIX METAIUIOB. TpeXBaJeHTHBIC METAIUIBI TPOSBILIIOT BBICOKYIO 3()(EKTHBHOCTH B
CIIIUBKE aIbI'MHOBOM KHCIIOTHI IO CPABHEHMIO C OapueM. B in vitro TecTpoBaHNH KaICyJIbl, C COISIMU
TPEXBAJCHTHBIX METAJIOB, HE CTAOWIBHBI B OMOJIOTHYECKHX KHUIKOCTAX W HE MPOXOIST TECT Ha
JegopMannio 0OCMOTHYECKIM AaBleHHeM. Karcyisl, ¢ XJIopuIoM 0apusi, yCHENIHO MPOILIH TeCThHl Ha
CTaOMIBHOCTD U YCTOHYMBOCTB. KarcyIel, ¢ kKaTHOHAMHE TPEXBAJICHTHBIX METAIUIOB H XJIOPUAOM Oapws,
HE OKa3bIBAJIM ITUTOTOKCHUECKOTO 3(phexTa n OblIm Oe30macHs! Ui MHKancynsaun. He Habmroganock
aare3un Makpodaros K KarcyiiaM — OTCyTCTBHE BOCIIATHTENBHON peakimn. OctpoBku Jlanrepranca,
B Karcyiax ¢ XJOpUJ0oM Oapust ObUIH KU3HECTIOCOOHBIMU U (PYHKITMOHAIBHO aKTHBHBIMHU.
Qunancuposanue: PaboTa BBITIONHEHA TPH (PUHAHCOBOW TOAJCPKKE MEXAucIUIuimHapHoro PHO
npoekra, Ne 24-65-00044.
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CTpOMaHbeIe KNeTKN MNoKapaa Kak mogesb anAa ncaiegoBaHuA
MONEKYJTAPHO-KNETOYHbIX OCHOB BPOXAEHHDbIX MOPOKOB cepaua
AM. 3noruna*, I[I.M. [Jokuun, E.I. Hukutuna, A.A. Kocrapea

Dedepanvroe cocyoapcmeerHoe 0idcemuoe yupescoerue « Hayuonanvhvlil MeOUyuHCKULL UCCcied08amenbCKull
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Cardiac stromal cells as a model for investigation of molecular
and cellular basis of congenital heart disease
A.M. Zlotina*, P.M. Docshin, E.G. Nikitina, A.A. Kostareva

Almazov National Medical Research Centre, Saint Petersburg, Russia
* anna-zlotina@yandex.ru
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tetralogy of Fallot

Bpoxnennsie mopoku cepauna (BIIC) mnpexacraBmsiror HambOosee pacnpoCTpaHEHHBIH — THIT
CTPYKTYPHBIX Maib(opMaluii, BEIBIsIEMBIX Tipu poxkaernu (0,6-1,3% HOBOpokIeHHBIX). HecMoTpst
Ha 3HAYUTENBHBIN MpOTpecc B OOJACTH XUPYPrHUECKOM KOPPEKIMH U TEPaTleBTHUECKOTO JICUCHHUS
TaKUX IAICHTOB, 3HAHHUA 00 ocHoBax maroreHe3a BIIC ocrarorcst orpanmueHHBIMU. B MupoBoi
IIpaKkTUKe M, B yacTHocTH, B IlenTpe um. B.A. Anma3oBa HCHONIB3yeTCS CIEKTP COBPEMEHHBIX
BBICOKOTEXHOJIOTHUHBIX METOJ0B reHetuueckol auarHoctuku BIIC, Britouas ceKBEeHHUpOBaHHE
IIENICBBIX TaHeNeH TEeHOB, PK30MHOE CEKBCHMPOBAHHE, XPOMOCOMHBIN MHKpPOMATPUYHBIA aHANU3,
FISH u ap. Takoii KOMITJIEKCHBIM MOAXOA MO3BOJISIET BBIABIATH MATOT€HHBbIE BAPUAHTHI B XOPOILIO
W3BECTHBIX MPUYMHHBIX T'€HAX, a TaK)Ke ONMKMCHIBATh HOBBIC T'€HBI-KaHIHJATHI U T€HOTUI-(PEHOTHUIT
acconmanuy. YIOOHOW in Vvitro MOMENbIO IS (PYHKIIMOHATBHBIX WCCICHOBAHUI BBIIBICHHBIX
TEHETHYECKUX BAPHAHTOB U ONPECIICHNS BOBICUCHHBIX CUTHAJIBHBIX KaCKaJOB CIIy>KaT CTPOMaJbHbIC
KJICTKH cepana. Panee corpyaHnkamu Hatei 1abopatopuu Oblia moKa3aHa Ieperyssiius CHTHAIbHOTO
kackaaa Notch B MeseHxuMHBIX kieTkax cepaua (MKC) oT manueHToB ¢ TSHKENbIM [THAaHOTHYECKUM
nopokoM — terpajoil damno. B HacTosmem uccnenoBanuu ¢ ucnons3oBanueM MKC ot nmanuenra ¢
COYETAaHHBIM MOPOKOM CEpJIia M MOYeK MOoKa3aH (PyHKIMOHANBHBIN A(deKT paHee HE ONMUCAHHOTO
BapuanTa c¢.541 542del B rene ROBO1, komupyrolieM perentop curaaibHoro kackaaa SLIT-ROBO.
Kpome Toro, BriepBble B MalMEHT-CIEIM(UIHBIX U KOHTPoIbHEIX MKC oxapakTepnu3oBaH ypOBEHb
skcnpeccuu TEPI — HOBOTO reHa-KaHAMJaTa, OTMEUEHHOrO Yy MalueHToB ¢ Terpanoil damio wiu
aTpe3uel JIErOYHO! apTepuu.

[lomydeHHple naHHBIE eme pa3 [OKa3bIBAlOT HMH(MOPMATHBHOCTH M PEJICBAaHTHOCTH MOJEIN
CTPOMAJTBHBIX KJICTOK MHOKapAa MPU U3yUCHUN MOJIEKYISIPHO-KJICTOUHBIX MEXaHU3MOB KapINOreHe3a
Y IIaTOTeHe3a BPOXKIEHHBIX 3a00JIeBaHUN cepala.

Qunancuposanue: ViccnenoBanue mnopnaepxkano rpantoMm PH®D, Ne 24-15-20026 (https://rscf.ru/
project/24-15-20026/).
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Creation of isogenic lines of iPSCs by base editing for the study
of familial hypercholesterolemia

A.S. Zueval?* Al Shevchenko!, S.P. Medvedev!, S.M. Zakian"?, I.S. Zakharova'
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Cewmeiinas runepxonectepunemus (CI'XC) — pacmpocTpaHeHHOE 3a00IeBaHne, XapaKTepU3yIOIeecs
BBICOKMM DPHCKOM aTE€pOCKIIEpO3a U CEepJEYHO-COCYAMCTBIX MAaTOJIOrMi. BOJBIIMHCTBO ciydaeB
oOycioBieHo Mmytanusmu B rene periernrropa JINTHIT (LDLR), HapymarouMu BeIBEJICHHE XOIECTEPHHA
U BEAyIIUMH K 0Opa30BaHUIO aTePOCKICPOTHUYCCKHUX OJSAMICK. DHIOTCIUOUUTHI — KITIOUYCBBIC
YYaCTHUKH aTepOreHe3a, HaKalauBas JUIONPOTCHHBI B CyOsHI0TenNH. D(PPEKTHBHAS THATHOCTHKA
n neuenre LDLR-3aBucumoit CI'XC orpanudensl. J{iist pemeHus mpooieMbl HEOOXOAUMBI TaIeHT-
crienu(pUIHbIC MOAETH, OTPAKAIOIINE MOJICKYJISIPHBII TaTOreHe3 3a00ICBaHuUSI.

B nmannoit pabote BIiepBBIC cO3MaHa CHCTEMa M30T€HHBIX reHeTHdeckn MomuduiuposanHex UIICK
Ha ocHoBe JiHNU ICGi036-A OT nanneHTa-KoMIayHJHOH TeTepo3nuroTs ¢ 1ByMs Bapuantamu LDLR:
matoreHHBIM ¢.530C>T (p.Serl77Leu) u BepostHo maroreHHbIM ¢.1054T>C (p.Cys352Arg).

Jns KoppekIMu OJHOHYKICOTHUAHBIX 3ameH ucmnonaszoBaH CRISPR/Cas-omocpenoBaHHBIN base
editing, MuHRMIBBHpYIOMUH HeneneBbie 3 dexTrl. [lomyuenst 3 muann UTICK, BKIIOYas roMO3UTOTHI
no «anopoBomy» (¢.530C) u «bonpHOMY» (¢.530T) amiensim, coxpaHSIONINUE TUTIOPHUIIOTEHTHOCTb.
Brnepsoie qist CI'XC co3nansl sHI0TEIHANBHBIE TPON3BOAHbIE m3oreHHBIX UTICK.

Panee Hammu moOKa3aHO, 4TO JHJOTENHabHBIE KIETKH marueHToB ¢ CI'XC umeroT nucyHKINIO
3axpara JIITHII. ITpomsBogabie muHUHM, TOMO3UTOTHON 10 €.530C, MEMOHCTPUPYIOT TOCTOBEPHOE
BoccranoBiienue uurepHanusauuu JIITHIIL B nunun ¢.530T unTepHanu3anust OTCYyTCTBYET — IIOJIHAS
norepst pynkipm LDLR.

ITonyuyennast cucrema uzoreHHeix JuHuid WUIICK mnamuentoB ¢ CI'XC u ux sHIOTETHATBHBIX
MIPOM3BOAHBIX MOXKET CTaTh IUAT(GOPMOI UI M3YYCHHs TCUCHUS ITAaTONIOTHUCCKUX IPOIECCOB Ha
MOJICKYISIPHOM YPOBHE, a TaKKE OIEHKU 3(P(PEKTUBHOCTH MOTCHIHAIBHBIX (PapMaKoIOTHUCCKUX
Mpernaparos.

Dunancuposanue: Viccnenosanue nojaepxkano rpantoM PH® Ne 24-15-00346.

37



doi 10.18699/CRISPR-2025-38

NpeHTndmnKayna reHOMHbIX BapnaHTOB MOp¢dOoreHeTu4yeckmnx
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Identification of genomic variants of brain morphogenetic factors
associated with the development of mental and cognitive disorders
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ITo nanubiM BeeMupHo#l opranusanuu 3npaBooxpaHenus Ha 2022 rof, ICUXUYECKHE paccTpoiicTBa
BcTpeuarotes y 12% HaceneHus 3eMHOTO0 mapa. J(ucoaxanc MexxIy Bo30yKIAIOIIUME U TOPMO3HBIMU
CTPYKTYPaMH MO3Ta, B TOM YHCJIC 00YCIIOBICHHBIN FTEHETUIECKUMH (DaKTOpaMH, KaK IPE/IoIaraeTcs,
JISKUT B OCHOBE Pa3BUTHUS LIMPOKOTO CIEKTpa MCUXMYECKUX M KOTHUTHBHBIX HapylieHuid. [lns
MIOMCKA U YCTAHOBJICHUS (PYHKIUU MOP(OTCHETHUECKUX (DAKTOPOB TOJIOBHOTO MO3Ta, COMPSIKEHHBIX
C pa3BUTHEM KOTHHTHBHBIX M TMCHXHUYCCKUX PACCTPOIMCTB B POCCHIICKOW MOMYJSAIMU, HAMH ObLIa
U3y4CHA YaCTOTA BCTPEUAEMOCTH HEKOTOPHIX TCHOMHBIX BAPUAHTOB B I'eHAaX MAIMEHTOB, CTPaIa0IINX
MICUXWYCCKUMH 3a00NieBaHMsIME (IIM30(PEHUST W JCTIPECCHS), M 3I0pOBBIX JOHOpOB [1]. [lns
YCTaHOBNEHUsI (DYHKIIMOHAIBHOM 3HAUMMOCTH TeHOMHOTO BapuanTa rs1243306395 B rene Plau namu
ObLITa MOJTyYeHA JTMHHS MBIIICH, HECYIIUX JAaHHBIN reHeTHYeCKui BapraHT. Mpitm Plau-rs1243306395
MUMEIOT IPU3HAKHY MTOTPAHUYHOTO THITA ICUXMYECKUX HAPYIICHUN: ITM30UHBIX HAPYIICHUH THYHOCTH
W/WIA  HApyIICHUH ayTHCTHYECKOro crekTpa. [lomyueHHbIC MaHHBIE MOMOTYT JIydIIe IIOHSTH
MEXaHU3MBI PA3BUTHUS MCUXMYECKUX 3a00JIeBaHUIl, a TakKe MOTYT Jiedb B OCHOBY MOAXOJOB K HX
MOJICKYJISIPHOH THATHOCTHKE, MPOPIIAKTHKE H JICICHHIO.

Qunancuposanue: Viccnenopanue noaaepxxano Poccuiickum HaydnbiM porgom, Ne 22-15-00125-11,
https://rscf.ru/project/22-15-00125/.

Cnucox numepamypul
1. Karagyaur M., Primak A., Bozov K. et al. Novel missense variants in brain morphogenic genes associated with
depression and schizophrenia. Front Psychiatry. 2024;15:1338168
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Human accelerated regions (HAR) — 370 KoHCcepBaTHBHBIC Y MiekonuTaromux yaactku JJHK, koTopsie
mproOpen B XOJE SBOJIONWHU Crierududeckue s denoBeka Myrtanud [1]. BomemmacTBO HAR
(YHKITHOHMPYIOT KaK 3HXAHCEPHl U JOKAJINU30BAHBI B MHTPOHHBIX M MEXICHHBIX 00IacTIX BOMM3M
TeHOB, BaYKHBIX JUIs pa3BUTHUs Mosra. OnucaHbl TaKkKe NaToOreHHble reHeTndeckue BapuanTel B HAR,
HapyUIaroIfe SKCIIPECCUI0 T€HOB, aCCOLMUPOBAHHBIX C Pa3BUTHEM NICUXUUYECKUX PACCTPOMCTB [2].
B uucne renos, nmorennumansao perymupyeMbix HAR, paccmarpuBaercst CNTN6. B ero mHTpoHax
oOHapy>kenbl 1Ba HAR, yacTo mepecekaromumecs ¢ BApuaHTaMy NAIMEHTOB. Ba)KHO OTMETUTH, YTO
MOYTH BCE MAaTOreHHbIE BapuaHTbl B JIoKyce CNTNG6 mpenactaBieHbl KPYNHBIMH JIEICHUSMHU WIH
OyIUIHKanusAMHU. B cBs3u ¢ 3TuM HaMmu Obla BBIABHHYTA THIIOTE3a O HAJIMYMU B JAHHOM JIOKyCE
(YHKIIMOHATBPHO 3HAYMMBIX PETYSTOPHBIX AIeMEHTOB. (ClemoBaTeNlbHO, IENbI0 Hamied paboThI
crano uccnenosanue BausHust HAR B rene CNTN6 Ha mporeccel MopdoreHesa U nponudepaun
HEHPOHAJIbHBIX MPEIIECTBEHHUKOB Y€JI0BEKa in Vilro.

Uccnenosanue perynaropuoro noteHnuana HAR B rene CNTN6 BBISIBUIIO SHXaHCEPHYIO AKTUBHOCTh
OJHOM TMOCIIE0BAaTeIbHOCTH B KyJbType HEHpOHAJbHBIX CTBOJIOBBIX KJIETOK uesnoBeka. s
u3ydeHus: GyHKIMOHAIbHOU ponu ¢ nmomornbio CRISPR/Cas9 momyuenst nuann MIICK denoseka,
Hecymue romo3urotHeie nenenuun HAR, n muddepenmmposans! B niepedpanpabie opranouast (LO).
Wzydenue BHyTpeHHei opranuzamuu 1O mokaszano HapymieHue MopdoreHe3a BCISICTBUE JCICIHA
HAR. JlanpHeWmuid aHaW3 BBISIBHI, YTO HaOJtOaeMble U3MCHEHHS MOTYT OBITh OOYCIIOBJICHBI
MOBBIIICHHBIM YPOBHEM aroNTo3a KJICTOK PaJAHaNbHON IIMM M CHIDKCHMEM HX MpoiudepaTHBHON
aktuBHOCTH. Takum obOpazom, HAR B rene CNTN6 (yHKIHMOHAIBLHO 3HAYUMBI JUTS PETYISIIAN
KJTFOYEBBIX MPOIECCOB HEHpOHANbHON MU HEPEHIIUPOBKH.

Qunancuposanue: Pabora BeImonHeHa mnpu nomnepkke PH®, No 24-24-00447 (https://rscf.ru/
project/24-24-00447/).
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AnxungumernidensmiaMmmonnid  xmopus, (AJIBAX) — deTBepTHYHOE aMMOHHEBOE COCIMHCHHE
(UAC), mmpoko HCIOoNb3yeMoe B METUIIMHE U B OBITY B Ka4eCTBE JC3MH(DUIHPYIOIIETO CPENCTBA, IPU
9TOM MEXaHM3MbI MUKPOOHOH ycToitunBocT K AJ/IBAX n3ydens! cnabo. B mpencrasieHHoit pabote
C ICTBI0 YCTAHOBHUTH BO3MOXKHBIC TCHETHUYCCKHE ICTCPMHHAHTHI YCTOHUMBOCTH OBLIH ITOTYYCHBI
YeThIpe UCKYCCTBEHHBIX MyTaHTa mtamma K. pneumoniae ATCC 700603, pe3UCTEHTHOCTb KOTOPBIX
ObLIa Ha J1Ba MOpPsi/IKa OOJBIIE, YeM Y TUKOTO THIIA.

JlaHHBIC TIOTHOTEHOMHOTO CEKBCHHPOBAHUS MOKA3alIM MPUCYTCTBHE B TPEX U3 UYETHIPEX MYTaHTOB
KPYIHBIX XPOMOCOMHBIX YYacTKOB C IOBBILIEHHOM KOMMHHOCTBIO. IIepBBId M3 y4acTKOB UIMHOM
27 Kb u xonuitHOCThIO 4X ObIT 0OHAPY>KEH B IBYX U3 YETHIPEX MyTAHTOB C HACHTUYHBIMH IPAHUIIAMH.
[oBbImIeHHAsT KOMUHHOCTH B TAHHOM CiTydae ObITa CIICACTBHCM TAaHICMHON aMILTH(HUKAIIH TeHOMa,
XapakTepHOU At 6aKTepUid, paCTYIIUX B CTPECCOBBIX YCIOBUSX.

WnTepecHell oka3anach TOMONOTHMSA MEPECTPOWKH BTOPOrO JIMHHOTO Y4acTKa C IOBBIIIEHHOM
KONMHUMHOCTBIO. B Tpex U3 ueThIpex MyTaHTOB 3TOT yYacTOK UMEJ OfIHY U Ty K€ MPaByIo TPaHUILy, HO
pasiryYHBIC JICBbIC, COOTBETCTBEHHO JITMHBI PEKOMOWHHPOBABIIUX (PparMeHTOB cocTaBmin 126, 130
u 507 Kb. bbuto ycTaHoOBIEHO, YTO BO BCeX CIy4asx MPOM3O0IIIAa HETOMOJOTHYHAs (3arpelieHHast)
pexoMOmHaIms yaacTka iasmMuasl pKQPS1 ¢ ygacTkoM XpoMOCOMEI, TAKHM 00pa3oM, KOIMHHOCTD
XPOMOCOMHOTO Y4acTKa 0Ka3aJ1ach MO/ KOHTPOJIEM IUTa3MUIHBIX MEXaHU3MOB KOHTPOJISI KOMUHHOCTH
U cocTaBuiia okojio 1.6X, 4To cooTBeTCTBYET cpeaHeMy uyuciay konuil pKQPS1 mnasmuasl B AukoM
Tune. B nuteparype HEroMONOTHMYHBIH OOMEH MEXTY IUIa3MUAOM M XPOMOCOMOII B OTCYTCTBHE
(hakTOpOB MOOWMIFHOCTH HE OIHKCAH, TOITOMY BOCIIPON3BOAMMOCTH HAONIONaeMOi peKOMOMHALINH B
TpeX MyTaHTaxX U3 YETHIpEX ele Oonee yAUBUTEIbHA.

[TonmyueHHbIE pe3yNbTaThl CBUAETENBCTBYIOT O TOM, UTO B CTPECCOBBIX YCIOBHUSAX JJa’K€ XPOMOCOMHBIE
reHbl 0e3 BHIUMBIX (PAKTOPOB MOOMJIBHOCTH MOTYT MEpENaBaThCsl TOPH30HTAIBHO IO MOMYISIUN
MIOCPEACTBOM HETOMOJIOTUYHOM MepecTpORKH XPOMOCOMBI C IJIa3MHUI0H.

Qunancuposanue: PaboTa ObUIa BBIIOJHEHA 3a CYET CPEICTB cyOcuawii Ha BbIIONHEHHE 13
Ne 122030900064-9.
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XpOHHUYECKOE BOCIAJICHHUE — MaTOTCHETHYECKOEC 3BCHO MHOTHX 3aboneBaHuil. ['ennas Tepamus,
HanpaBjIeHHAs Ha JOCTaBKY NMPOTHBOBOCHIAJIUTEIbHBIX LUTOKWHOB, MPEACTABISIET MEePCIEKTHBHBIN
METOJl KOPPEKIUH TaKuX MpOoIeccoB. B mccrnenoBaHun OneHUBaIN dPPEKTHBHOCTh TCHETUYCCKHX
KOHCTpyKIWH, komupyromux IL-1Ra, IL-10 u IL-36RA, Ha Moaenu ncopra3ohopMHOTO BOCTIATICHHS
y Mbleid. Bocnanenue nHaynupoBain 9-1HEBHBIM HaHECEHHMEM HUMHKBHMO/I-COJIEPIKALIETO Kpema
(62,5 mr/nens). dKuBotHbIx (n = 60) paznenuiau Ha 6 Tpyri (3 ONBITHBIC U 3 KOHTPOJIbHBIE). 3a 28 nHel
JI0 MHAYKIIMH BOCIIAJICHUS] BBIMOJIHSIN MOJKOXKHOE BBeAeHHE AAV-BEKTOPOB C IEJIEBBIMU T€HAMHU.
Omenky npoBoawH 1o mkane PASI, ructoMmoppomMeTprdecKiM moka3aTessM (TONIINHA SITHACPMUCA,
U3BUTOCTD dMUTENus) Ha 5-¢ u 10-¢ cyTku, a Takxe merogamMu RT-PCR u UDA ninst ananusa ypoBHS
BOCTAIATENBHBIX MUTOKUHOB (IL-1b, TNF-a 1 ap.). Pe3ynsraTsl IpoaeMOHCTPUPOBAITH, UTO TOJIIIHHA
koxku B rpynne IL-1Ra Obuta 1OCTOBEpHO HUXKE, YeM B KOHTPOJIE, U COOTBETCTBOBAJIA 3I0POBBIM
nokazaressiM. B rpymnme [L-10 BrisiBIIeHO 3HaYMMOE CHIDKEHHE U3BUTOCTH AnuTenus. Meromamu PCR
u UDA 1oCcTOBEPHBIX MEKTPYNIIOBBIX Pa3inuuil He ObLIIO OOHAPY)KEHO, UTO MOXKET OBITH CBSA3aHO C
orpanmyeHHON AU dy3neil BekTopa B TKaHAX. s yTOUHCHUS TaHHBIX TPeOyeTCs TOTONMHUTEIBHBINA
aHaJIM3 00pas3IoB U3 30HBI MHBEKUUH. [loTydeHHBIC pe3ynbTaThl MOATBEPXKIAIOT TEPareBTUICCKUN
MTOTCHIIAAI TCHHOU JTOCTaBKHU MPOTUBOBOCIAINTEIFHBIX IUTOKUHOB, HO YKa3bIBAIOT HA HEOOXOIMMOCTh
ONTUMM3AIUHU TTOAXOa.
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Porphyromonas gingivalis — matoreHHass OaKTepHs, WIparomias KIIOYEBYIO PONb B Pa3BUTUU
napanouTuTa. Ocoboe MECTO JIOKATH3alUU JAHHOTO MAaTOreHa JAcT €My CBOCOOPa3HyIO 3alluTy,
CHIDKAS JTOKAITBHYIO JIOCTYITHOCTB H CHITY BO3ICHCTBIS aHTHOMOTHKOB M aHTHMUKPOOHBIX ITPENaparos,
YTO 3aTPyJHSCT NPUMCHCHHE KIACCHUYECKHX METO/IOB JICUCHMS OaKTepHaTbHBIX 3a00JICBAHUIL.
[lepcnieKTHBHBIM HaNpaBICHUEM B ITOHW OOJACTH SBISICTCS TpUMeHeHHe (aroBoil Tepamuu. Camu
6akTeprodaru TaHHOTO MAaTOTEHA U3YUYCHBI JOCTATOYHO MJI0X0, OJHAKO CIIIe MEHEE H3YUYCHBI CHCTEMBI
MIPOTUBOBUPYCHOM 3aIUTHI.

B pesynbraTte moucka cucTeM NPOTUBOBUPYCHOM 3aIIUTHI OB OOHAPYKEHBI CHCTEMbI a0OPTHUBHBIH
uHpeknuu, 5 THmoB pa3mudyHbix cucteM CRISPR-Cas W cucTeMBl pecTpUKIMU-MOIUA(DUKAIIH.
CucTeMsl peCTPUKIMH-MOTU(PHUKAIIIH SBISIOTCS HAMOOIee paclipoCTpaHEHHbIE U Yy 3TOTO BUJ1A, OTHAKO
B JINTEpaType OHU paHee HUKaK He OXapaKTepH30BHIBAIHCEH. B HacTosmieit paboTe ObLT0 00HAPYKEHO
16 yHUKaJIBHBIX CAHTOB MOAM(DUKAIINN, CPEIH KOTOPBIX 12 cooTBETCTBYIOT Moaudukammu NomeA, a
4 — 4meC. Camu calTbl UMEIOT PAa3HbII MPOLIEHT METWJIMPOBAHUS MO KYJIBTYpe, YTO 00yCIaBIUBaeT
pasnuuus MeXIy ITaMMaMu OakTepuil MO YpOBHIO METWIMpoBaHus. B maHHON pabore Takxke
OBUTO TIPOBEICHO COIIOCTABICHHE OIPEICIICHHBIX CAHTOB METHIHPOBAHHSI M COOTBETCTBYIOIIUX
uM MeTtuaTpancepas. Takxke ObUIO BBIIBICHO, YTO CaMU CHCTEMbI PECTPUKIUU-MOAU(UKAIMN
CIOCOOHBI TlepeiaBaThes MOCPEICTBOM TOPU3OHTAIBHOTO IEPEHOCA, 3TO JOMOJHUTEIBHO MOBBIIAET
BapUATUBHOCTH MATTCPHA METHIINPOBAHUSL.

Dunancuposanue: ViccnenoBanne nojaepxkano 3a cdet cpeacts ['3 122030900064-9.
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CucteMsl BPOXKICHHOTO MMMYHUTETA HIMPOKO PACHPOCTPAHEHBI y OakTepwil M apxeil M UrparoT
KJIIOUEBYIO POJIb B 3aLIUTE KJIETOK OT BUPYCOB M JPYTUX UYKEPOIHBIX JJIEMEHTOB. 3a MOCIEIHHE
rofsl OOHApYXEHBI COTHH HOBBIX CHCTEM, KOTOpBIC ACHCTBYIOT HA Pa3HBIX CTAAMAX HH(EKIUH.
Hecmotpst Ha orpoMHOE pazHOOOpa3ne, MHOTHE U3 3TUX CUCTEM JICHCTBYIOT IO CXOIHBIM IPHHIIUTIAM
U BKJIIOYAIOT JIBa OCHOBHBIX MOJYIS: CEHCOPHBIA M dPQeKTopHbIid. CEeHCOpbl HEMOCPEICTBEHHO
JICTEKTHPYIOT UYXXCPOIHBIC OCNKH WM HYKICHHOBBIC KHCIOTHI, JIMOO PEarupyroT HA WU3MCHCHHE
COCTOSTHMS KJICTKH ITPU HHEKIUU. DPPEKTOPH MOTYT HAMIPABICHHO ACHCTBOBATH HA MH(EKITMOHHBIN
are’T Ju0O0 B IIEJIOM Ha WHOHUIHPOBAHHYIO KIICTKY, OCTAaHABINBAs PAaCIpPOCTpPaHCHHE WH(EKIUU B
nomynsaud. CeHCOpHBI M 3()(EKTOPHBIN MOXYNTbh MOTYT COUETAaThCS B pa3HBIX KOMOWHANMSX,
YBEIMUYNBAsI pa3HOOOpa3ne CHCTEM MMMYHHTETa. B moKiaze paccMOTPEHBI OCHOBHBIC MPUHIIUIIBI
OpTaHM3aLUH MPOKAPHOTUICCKUX MMMYHHBIX CHCTEM M KOHKPETHBIC IPUMEPHI CHUCTEM, IACHCTBHE
KOTOPBIX OCHOBAaHO Ha OJIUTOMEpHU3AIHU dPPEKTOPOB. SIpKUM MPHUMEPOM TaKUX CHCTEM CIIyKar
OenKu-aproHaBThl, y3Hatomme uyxepoanyto JJHK, u acconmupoBannbie ¢ HUMH () (HEKTOpBI, KOTOpBIS
CTIIOCOOHBI YOWBAaTh 3apaKCHHYIO KJIETKY BMECTE C BHPYCOM, BEI3BIBas aOOPTUBHYIO HWH(QEKIIHIO.
[logobHOE MOAYTBHOE CTPOCHHE IO3BOJISCT HCIIOIB30BaTh OCIKH-aprOHABTHI M JIPyTHE THUIIBI
MMMYHHBIX CHUCTEM Ul PELeHHs IUPOKOTO CIEeKTpa MPAaKTHUECKHUX 3aad, OT NETEKIMH LIEJIEeBbIX
MOJIEKYJI 10 TEHOMHOTO PEAAKTUPOBAHUSL.

Qunancuposanue: ViccneaoBanue oaaepkano rpanToM Poccuiickoro HayuHoro (onma 22-14-00182-
I
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Mpimeunast auctpodust HromenHa (MIJ]) — 9To HepBHO-MBIIIEYHOE X-CIICTUICHHOE 3a00JIeBaHUE,
BEI3BIBACMOC TATOTCHHBIMH BapHaHTaMu B rere DM D, kogupyromeM 0erok AucTpoduH. boabumHacTBO
TEpareBTHYECKUX TMOJIXOA0B Pa3padaThiBaeTCs ISl KOPPEKIMK TAaTOTCHHBIX BapUaHTOB B DK30HAX
43-55, nanbonee yacThix y manueHToB. OaHako 1,5 % 60mpHBIX M/]J] MMEIOT MaTOreHHBIC BAPHAHTHI
B 9Kk30Hax 11 u 12. [Ipemapar MukponuctpopuHa DICBUANC MOXKET MPUBOAUTH K CYIIECTBCHHBIM
m00OYHBIM d(h(PEKTaM y TTAUECHTOB C JEICIUSIME YK30HOB 3—17, aHTUCMBICTIOBBIC OJIUTOHYKIICOTHIBI
Juis 9k30HOB 11—-12 He pa3pabaThiBalOT BBHJY Majloro 4uciia HanueHToB. Llenpro pabGoThl ObLIO
pa3paboTaTh METOABI TIEPMAHEHTHOTO IPOITyCKa JK30HOB 11 m 12 myTem paspymIeHHS CalTOB
crutaiicunra ¢ ucnosib3oBaHueM cuctemsl CRISPR/Cas9.

JLtst co3manmst TUTa3MUTHBIX KOHCTPYKITUH MCITONTb30BalH I1a3MuIsl ¢ Hykineazamu SpCas9 u SaCas9,
cozepxkane nogodpanusie HPHK. 6 momy4yeHHBIX BEKTOPOB OBIIM TPAHC(UIUPOBAHBI B KYJIBTYpY
HEK293T. D¢ ¢hexTHBHOCTS BHECEHHS HHICTIOB OIICHUBAIHN Yepe3 72 gaca METOIOM CEKBCHHPOBAHMS
no CeHrepy, 1aHHble aHanu3upoBaiu B nporpamme TIDE. Konctpykimu ¢ Haubonee 3hhekTHBHIMU
HPHK Obumi TpaHCOUIMPOBaHBI B KYJIBTYPHl MHOOJACTOB, MOJNydeHHBIC OT maruenta ¢ MJIJ,
MUMEIOIIIETO JICNIEINI0 PK30HOB 12—18, 1 oT 310poBoro gaoHopa. DPGEKTHBHOCTh IK30H-CKHUIITUHTA
OILICHHMBAJH Yepe3 72 Jaca METOIOM ITyOOKOTO TapreTHOTO CEKBCHHPOBAHWS, IUIS aHAIN3a JaHHBIX
RNA-seq ucnons3oBanacs Merpuxa PSI.

B skcnepumentax Ha kyastype HEK293T otoOpanst 4 addexruBabic HPHK (3 — Ha pormyck 3x30Ha
11, 1 — mpomyck 3k30Ha 12). B xynmerype knerok mamuenta ¢ MJIJl Haubomnbmast 3¢h(eKTUBHOCTH
mporycka 9k30Ha 11 ¢ yderoM »ddexruBHOCTH Tpanchekmuu coctaBmia 30%, B KyJIbType
MHOOJIACTOB 3/I0POBOTO JTOHOPa YPPEKTUBHOCTH MPOITycKa 3k30Ha 12 cocraBuna 35%. B pesynbrare
paboTHl MOKa3aHa BO3MOXKHOCTH 3(P(EKTHBHOTO Mpomycka 3k30HOB 11 u 12 rena DMD metonom
MIEPMAHEHTHOTO Pa3pylIeHUsI CAWTOB CIJIAMCHHTA, YTO BHOCHUT 3HAYUTEIbHBIA BKJIAJ B MPOTrpecc
pazpabotku sedeHus M/IJ] st Goee MIMPOKOTO CIEKTpa MAIlHEHTOB.

Dunancuposanue: Vccaenoranue noajepxxano rpantom PH®, Ne 23-15-0048.
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AktnBHocTb PARP1 B HepoHax, anddepeHunpoBaHHbIX

13 UMNCK naumneHToB ¢ 60ne3Hblo [eHTNHIToHa 1 NMapKUHCOHa

A.A. Manaxosa'*, B.C. Makeesa!, H.C. JIsipxeeBa’-2, D.P. Amnasposa!, A.YO. Cromnsipos!,
A.A. Cadomnosa', E.B. I'puropsesa’, C.I1. Mensenes', O.1. JlaBpuk?, C.M. 3akusn!

' Unemumym yumonozuu u 2enemuxu CO PAH, Hosocubupck, Poccus
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KuarwueBsie ciioBa: PARP1; knerounsie mogenu; 6one3ns [ eHTHHITOHA; Oone3Hb [lapknHCOHA

PARP1 activity in neurons differentiated from iPSCs
of patients with Huntington’s and Parkinson’s disease

A.A. Malakhova'*, V.S. Makeeva', N.S. Dyrkheeva'-2, E.R. Allayarova!, A.Yu. Stolyarov',

A.A. Safonova', E.V. Grigor’eva', S.P. Medvedev', O.1. Lavrik?, S.M. Zakian'
! Institute of Cytology and Genetics, SB RAS, Novosibirsk, Russia

2 Institute of Chemical Biology and Fundamental Medicine, SB RAS, Novosibirsk, Russia

* amal@bionet.nsc.ru

Key words: PARP1; cell models; Huntington’s disease; Parkinson’s disease

[Tarorenes HelpopereHepaTUBHBIX 3a00NICBaHUII CBS3aH C HAKOIUICHHMEM B HEHpPOHAX arperatroB
oenkoB, ctpeccom OIIP, HapymieHuem aytodaruu ¥ aucHyHKIMEH MUTOXOHIpHUH. [TOBBIICHHBIN
YpOBEHb aKTUBHBIX (opM Kuciopoma Beder kK HakoruieHuto moBpexaeHuid B JIHK. PARPI
cunresupyet nomu(AJId-pubdosy) (PAR) B mectax paspsisos JIHK, npusiekas pepMeHThI pernapauy.
I'unepaxrtuBanus PARP1 B HeilpoHax mpu HeMpoJereHepaTUBHBIX PacCTPOWCTBAX IPUBOIAUT K
n30BITOUHOMY HakoTuIeHHIO PAR, BEI3BIBas rHOETH KIICTOK I10 ITyTH ITapTaHaTOCA.

IIpoBeneno wuccnemoBanue axkTtuBHOCTH (epmenta PARPI B nodamunepruuecknx HeHpoHaX,
muddepenmmpoBannbix n3 UIICK nanuentos ¢ 6ome3nsio [lapkuHCOHA, ¥ B CPEIHMHHBIX MIHITHKOBBIX
HelpoHax, muddepennupoBanubix U3 MIICK mammeHnToB ¢ Oose3Hpto [eHTHHITOHA. AKTHBHOCTH
PARP1 B GeKOBBIX KIETOYHBIX IKCTPAKTaX 3HAYMMO HE pa3inyaiach B HCHPOHAIBHBIX KYJIBTYpax,
nony4eHHbIx U3 UIICK namuenToB ¢ 6one3Hbto [eHTHHTTOHA ¢ pa3HbIM ynciioM moBTopoB CAG (38,
46 u 77 CAG) B rene HTT w 310poBBIX TOHOPOB. B To e Bpems 3¢ dhexktuBHOCTh cuHTe3a PAR B
JKHUBBIX KJIETKaX, OLICHEHHAs! C TIOMOIIBI0 UMMYHO(DIIyOPECIICHTHOTO OKPAITMBAHUS, OblIa OBHIIICHA
B HelpoHax marueHToB. B modamuuepruueckux Heiponax, moiydeHHbix u3 WMIICK nammenToB
¢ Oonesnpto [lapkuHcoHa, akTuBHOCT PARP1 Oblia moBbIlieHa B OJJHON M3 TpeX JTUHHUU KIETOK C
reHeTrueckuM BapuanTtoM p.N370S GBA 1, a B kieTkax ¢ reHeTrnaeckuM Bapuantom p.G2019S LRRK?2
aktuBHOCTH PARP1 Obl1a 3HAaUNTENFHO CHIDKEHA TIO0 CPaBHEHUIO ¢ KOHTposieM. BectepH-010T aHamm3
MmoKa3aJ yMeHbleHne uin oTcyTcTBre PARP1 B GenkoBbIX sKcTpakTax HeipoHoB p.G2019S LRRK?2.
W3menenne axtuBHOocTH PARP1 HaOmiomanoch B «3penbIx» HellpoHaX, KyJIbTHBHPOBABIIMXCS HE
MeHee 2 MecAIeB B cpene Al quddepeHIMPOBKH, YTO MOATBEPKAACT BAXKHOCT CTAJANN CO3PCBAHMUS
HEWPOHOB MPH MOJICTUPOBAHUN 3a00JICBaHUM in Vitro.

Qunancuposanue: Vccnenosanue mnoanepxano rpantom PH® No 23-15-00224 (https://rscf.ru/en/
project/23-15-00224/).
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Co3paHue 1 coBepLUEHCTBOBaHME K/IETOYHbIX Mofaenen
HellpoaereHepaTMBHbIX 3a00N1eBaHMIN YesioBeKa C MOMOLLbIO
WHCTPYMEHTOB HamnpaB/ieHHOro pefaKTUPOBaHNA reHOMOB
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Generation and development of cell models of human
neurodegenerative diseases using directed genome editing

S.P. Medvedev! ?*, S.M. Zakian'?

! Institute of Cytology and Genetics, SB RAS, Novosibirsk, Russia

2 Institute of Chemical Biology and Fundamental Medicine, SB RAS, Novosibirsk, Russia
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Key words: neurodegenerative diseases; iPSCs; genome editing; transgenesis

Heiiponereneparususle 3a0o0ieBaHusl, Takue Kak Oone3Hb IlapkuHcoHa, Oone3Hb Ambureiimepa,
JTOOHO-BUCOYHAS JEMCHIINS WM OOKOBOH aMHOTpOo(HUIecKHil CKIIepo3, 00TagaroT KpaitHe O0mbIIon
TEHETUYECKOM reTepOoreHHOCThI0. Hayke U3BECTHBI COTHY T€HETUYECKUX BAPUAHTOB, PACIIONI0KEHHBIX
B JIeCATKax JIOKyCOB TI'€HOMa, KOTOpbIe acCOLMUPOBAHBI C Pa3BUTHUEM IAaHHBIX IATOJIOTUH WM
MOBBIIIAIOT PUCK MX BO3HUKHOBEHMA. JlJIs1 M3yueHHS MEXaHHU3MOB IaTOreHes3a JaHHBIX OoJe3Hein
U TECTHPOBAaHUS NEPCHEKTHBHBIX CPEACTB TEPaluM HEOOXOAMMO CO3JaHHE MOIEIBHBIX CHCTEM,
KOTOpBIC BOCIIPOM3BOAT MATOJIOTMYECKUN ()EHOTUTI HA PA3HBIX YPOBHSIX OPTaHU3ALIUH XKHUBBIX CUCTEM.
WnayuupoBanHble miiropunoreHTHbIE cTBooBbIE KieTkH (MIICK) uenoBeka sBIsSIOTCS HHCTPYMEHTOM
JUIL CO3JIaHMsl HCCIICNOBATEIbCKUX IUIAaT(OpM, MPEAHA3HAYCHHBIX ATl HPOBEACHUS IIHPOKOTO
Kpyra SKCIIEpUMEHTOB Ha PEJIEBaHTHBIX THUIAX KIIETOK, HallpUMep HEeHpoHax pas3IMYHbIX THUIIOB,
nojy4aeMbIxX npu HanpasieHHoi auddepernnposke UIICK. CoBmenieHre TEXHOIOTHIA TOTYYCHUS
n muddepenmupoku UIICK ¢ coBpeMEHHBIMA HHCTPYMCHTAMH HAIPABICHHOTO PENAKTHPOBAHMUS
TCHOMOB JIacT HOBBIE BO3MOXKHOCTH, KOTOPBIE CYIIECTBEHHO PACHIUPSIIOT NEPCTICKTUBBI TPUMEHCHHUS
KJIETOUHBIX MOJENEH AJIS BBIACHEHHS POJIM OTAEIbHBIX T'€HETHMYECKUX BapHaHTOB, B TOM YHCIE
BapUaHTOB C HEOIPEAEICHHBIM 3HAY€HUEM, B Pa3BUTUU Harojoruil. Kpome Toro, ucnosab3oBaHue
HaIpaBJICHHOIO TpaHCTeHe3a IO3BOJSET MONy4aTh MOJENU JUIsl NPHKU3HEHHOTO HCCIEI0BaHMS
BHYTPUKJICTOYHBIX IIPOIECCOB, TAKMX KaK (DYHKIIMOHHPOBAHHWC CUTHAIBHBIX KAacKaJgOB, CHCTEM
OIS PKaHUS TOMEOCTa3a WIH (PyHKIMOHUPOBAHUS OPTaHEIlT, @ TAKXKE OMPEACISATH OTHOCHTEIBEHYIO
KOHIICHTPAIMIO KIIMHUYECKN 3HAYMMBIX COCMHCHUI 1 MeTabonuToB. B nokmane Oyaer mpencTaBicH
OIIBIT CO3/1aHNUS U30TEHHBIX U TPAHCTEHHBIX KJIETOUHBIX MOZIeTIeH HelpoiereHepaTUBHbBIX 3a00IeBaHUN
B naboparopun snureHeTrku passutus MIulm CO PAH, a Taxxe ananu3 npoOiieM U MEpCreKTUB
MIPUMEHEHUs pa3IMYHbIX HHCTPYMEHTOB penakTupoBanus reHomoB MIICK uenosexa.
Qunancuposanue: Viccnenoanue noanepxkano OromketHbiM nipoextom UIulT CO PAH, No FWNR-
2022-0015.
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UcnbitaHue BupycHbix nnatpopm ana gocrasku CRISPR/Cas
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Exploring viral platforms for CRISPR/Cas delivery in crops

E.V. Mikhaylova'*3* E.A. Khusnutdinov!, M.P. Terekhov'?, A.A. Galimova!, Z.R. Sufyanova'?,

K.I. Saifullina’2, L.R. Khakimova®?
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OcnoBubiMu mpobnemamMu CRISPR/Cas pegakTupoBaHUs CEIbCKOXO3SIMCTBEHHBIX KYIBTYD SIBISCTCS
oTcyTcTBHE (P(PEKTHBHBIX MPOTOKOIOB i1 Vifro KyJABTHBHPOBAHHUS, a TakkKe ciadas M3ydeHHOCTh
TCHOMOB MHOTHMX BHJOB. IIpoBeneHue pemakTHpoBaHMs in planta ¢ WCIOIL30BAHHEM BEKTOPOB
Ha OCHOBE PACTHUTEIBHBIX BHPYCOB IO3BOJIMIO OBl CYIIECTBEHHO YCKOPHUTH HCCICIOBAHHSA B
JaHHOU 00JacTH, a TaKXKe BaIUAMPOBATh (DYHKIMU T'€HOB, KOTOPHIE MOTYT OBITh OTBETCTBEHHBI 32
XO3SHCTBEHHO-IIEHHBIE TpH3HaKK. OJHAKO [UI MHOTHX KYJIBTYP OTCYTCTBYIOT JAHHBIC O BO3MOXKHOCTH
JIOCTaBKH U HKCIIPECCHH TAaKUX BEKTOPOB, a TAK)XKE PEIAaKTHPOBAHMS CEMEHHOTO MOTOMCTBA. Bupychl,
nepearomuecs 4epe3 ceMeHa, 0ObIYHO HMEIOT MaTyl0 eMKOCTh M HE MOTYT 9KCIIPECCHPOBATh OEIIOK
Cas9 6e3 morepu NOJABIKHOCTH, YTO MPETATCTBYET in planta pelaKTUPOBAHHUIO.

I'en putoen necarypasst PDS 0611 BEIOpaH B Ka4€CTBE MOAEIHEHOTO JUTS IIPOBEPKH PabOTOCHOCOOHOCTH
koHcTpyKimi. [unoseie PHK Obutn momoOpanbl aiis Tabaka, Tomara, OakiiaaHa, mepiia, CBEKIIbI,
ropoxa, TIIEHHIB!, 1 KIOHHPOBAHBI B BEKTOPHI HA OCHOBE BHPYCOB JKEJITOH KapIMKOBOCTH (DacoIIH
(BeYDV), kapnukoBoctu neHutsl (WDV), 6ponsooctu Tomara (TSWV) u norpemkoBocTH Tabaka
(TRV). B mepBsbie 1Ba BUpyca, o0afaronye y3KHM KPYToM X03sIeB H OTpaHHYCHHOH TTOJIBIKHOCTBIO,
a TaKke B HE Mepeparomuiics uepes ceMena TSWV Bupyc ObUIN JOMONTHUTEIHHO MPOKIOHUPOBAHBI
1-PHK mnogo6nbie cTpyktypsl (TLS). B Bupyc TRV, obnanaromimii BMECTUMOCTBIO He Ooee 3 T.ILH.,
ObUT IPOKJIOHMPOBAH I'eH MUHHaTIOpHOTO Oenka Cas12j2 pasmepom 2,2 T.ILH.

HccnenoBanne TO3BOMUT  OIEGHUTH BO3MOXXHOCTH TIPUMEHEHHS BHPYCHBIX BEKTOPOB I
pEIaKTHPOBAHUS TCHOMOB CEIbCKOXO3IHCTBEHHBIX KYJIBTYP.

Qunancuposanue: VccnenoBanne BBIIONHEHO 3a cueT rpaHTa Poccuiickoro HaydHoro donga Ne 24-
76-10065, https://rscf.ru/project/24-76-10065/.
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Development of a device for spatial fixation of the heart in vivo
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Busyanuszanust OMOJOTMYECKHX IPOLIECCOB B OBIOMIEMCS CEplle NpeJCTaBIseT Cepbe3HbIH
TEXHOJIOTUYECKUI BBI30B JJISI COBPEMCHHON KapAMONOTHH. MexaHWuecKas akTHBHOCTh MHOKapiaa
CO3/1aeT MPEMATCTBUS JUIA TOJNYYCHUs] KAa4eCTBEHHBIX HM300paXeHUH MpHU NPHKU3HEHHOU
MHUKpocKonuu. Pa3padorka cucteM cTaOmin3aly BakHA IUTS W3YyUCHUST OKHCIHTEIBHOTO CTpecca,
KaJIBIINEBOTO OOMEHA M BOCTIAIMTEIBHBIX peakiuil npu nHdapkTe MHOKapa.

PazpaboTaHo WHHOBAIIMOHHOE YCTPOWCTBO Ha OCHOBE KOJNBIICBHIX BaKyyMHBIX IIPHCOCOK JUIS
CTaOMIBHON (pUKcaIK OBIOLIETOCS CepAlla MpU KOH(POKAIBEHOH, NBYX(OTOHHOH U (IyopeclieHTHON
MHUKPOCKOIIHH. MOHONHTHAS KOHCTPYKIMS W3 OHOCOBMECTHMBIX ITONIMMEPOB MHHUMH3HPYET
BO3zlelicTBEe Ha MHOKapi. CucreMa BO3YIIHBIX KaHAJOB MO3BOJSAET KOPPEKTHPOBATH ITO3HIHIO
pucocku 0e3 reMoHTaxa. KoMmakTHbIe TabapHUTH 00€CIICIHBAIOT CBOOOY IJISI MUKPOXHUPYPTrHUCCKUX
MaHUITYJISIHMHA ¢ COCYaMH M COBMEIAIOT BU3YAIIM3alUI0 C PETUCTpalleil TapaMeTpoB B PEalbHOM
BpPEMCHH.

[IpakTyeckoe HCHONB30BAaHUE TI0Ka3aHO Ha MOJENM HH(papKTa y MbIIed ¢ OJKCIpeccHei
(IryopecIeHTHRIX OMOCEHCOPOB B KapauomMuonuTax. OqHOPOTOHHAS MHKPOCKOITHS PETHCTPHPOBAIIA
(IIyOpecleHIIMIO TOCNe HAJOKESHUsS JIMTaTypbl Ha JIGBYIO HHUCXOMSIIYI0 apTepHio. BakyyMHbIH
3axBaT 00eCHeYmyI CTAOWMIM3AINIO MMOBEPXHOCTH MHOKapla 0e3 HapymICHHS MHUKPOUUPKYIALIUN U
perucTpanyo U3MEHEHUH BHYTPUKIETOYHBIX MapaMeTpoB. YCTPOMCTBO YCIENIHO NMPHUMEHEHO IS
JETEKITNH KaTBIIMEBIX BOJH C TOMOIIEI0 OnoceHcopa GCaMP npu TepMOTreHeTHYECKOH CTUMYIISIIHA
UK nazepom.

PesynbraTel MOAYEpKUBAIOT MIEPCIICKTHBHOCTE yCTPOiicTBa A (DyHAaMCHTATBHBIX UCCICIOBAHUHN B
kapauosiorun. CoyeTaHne MeXaHHYeCKON (pUKCAIIMH C BO3MOXKHOCTBIO XUPYPTHUECKHX BMEIIATEIIbCTB
OTKPHIBAET HOBBIC BO3BMOXXHOCTH M3YUCHHUS ATOTCHETUUCCKUX MEXaHW3MOB CEPICYHO-COCYINCTHIX
3a00NeBaHMi Ha KIETOUHOM YPOBHE.

Qunancuposanue: Viccnenopanue nomuepxano rpantoMm PHO Ne 23-75-10111 (https://rscf.ru/prjcard
int?23-75-10111).
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dopmupoBaHMe KonnareHoBbIX MaTpuL,
C OPUEHTUPOBAHHON CTPYKTYPOU ANA pereHepaum porosuubl
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Formation of collagen scaffolds with an oriented structure
for corneal regeneration
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BoccranoBienue NOBpex/ICHUN pPOTOBHIIBI INIa3a — 3TO BaXKHAS U aKTyalbHas 3aja4a COBPEMEHHOU
pereHepaTUBHON MeAULMHBL. B cocTaB poroBuiibl BXOAUT CTPOMa, OCHOBHBIM KOMIIOHEHTOM KOTOPOM
sBysieTcst KoyutareH | tuma. OnHON U3 BaKHBIX OCOOCHHOCTEH CTPYKTYPHOM OpraHM3allMu CTPOMBI
CUUTACTCS MapajuieibHass OPUCHTAIHS KOJUIATCHOBBIX BOJIOKOH, 0OCCIEUHBAIOMIAs PO3PAYHOCTh U
MEXaHHYECKYIO IIPOYHOCTE POTOBHUIIBI. CO3/IaHNE MPOTOTHUIIA CTPOMBI POTOBHIILI TIO3BOIUT YBETIHIHTh
CKOpPOCTh pEereHepauuu DIyOOKMX MoBpexaeHUH. Llenbio HacToflIero HccieloBaHUE SBISIETCS
pazpaboTka crmoco0OB (POPMUPOBAHUE OPHUEHTHPOBAHHBIX KOJUIATCHOBBIX BOJIOKOH, HMHUTHPYIOIIUX
CTPYKTYPHYIO OpraHU3alMIoO KOJUIareHa B CTPOME POTOBHIIBI.

Jl1s1 BBITIOJTHEHUS! TOCTaBJIEHHOM LENM U3 CYXOKMIIMN KPBICUHBIX XBOCTOB METOJIOM KHCJIOTHOM
OKCTpaKIMU OBLT BBIACNCH KoyutareH | Tuma. HaTHBHOCTE M IIENIOCTHOCTH MOJCKYNBI Ocnka Oblta
MOATBEpKJIeHa MeTojoM anekTpodopesza u UK-cnexktpockonuu. g mapaiiensHOW OpUEHTAIun
KOJUTareHa OBLTO MCIIONB30BAaHO JBa MOAXOJa — OPUCHTAIHS MO JEHCTBHEM DJICKTPHUYCCKOTO TIOIIS
U TOZ BIMSIHUEM MEXaHHUYCCKUX Cmil. [ peanm3aluy MepBOro IMOAX0Aa OblIa CKOHCTPYHMpPOBAaHA
siaeiika, OTpPa0OTaHBI YCIOBHS IOJAa4d HANPSDKCHHUS W BpPEMs BO3ACHCTBUS AICKTPHUCCKOTO
nonsi. JlelicTBUe MEXaHWYECKUX CHJI ObUIO pealn3oBaHO ¢ momolisio merona 3D medatu. Beibop
KOHLIGHTPALMU KOJUIareHa, JAMaMeTpa CoIUla, a TaKKe CKOPOCTH IOJayd pacTBOpa MO3BOJIMIO
HONTYYUTh NMapauICIbHO OPUEHTHUPOBAHHbBIC KOJUIAT€HOBBIE CTPYKTYpHl. CTPYKTypHAas OpraHU3amus
KoJITarena, chOpMHPOBAHHOTO IBYMsI METOIaMH, ObLITIA TPOaHATH3UPOBaHA C TOMOIIIBIO CKAHUPYIOIIeH
IEKTPOHHOM, aTOMHO CHJIOBOM Mukpockonuii, a Ttaxke WK-cnexrpockonuu. B nponecce
KYJIBTHBHPOBAHMS KJIETOK POTOBHIIBI HA OPUEHTUPOBAHHBIX CTPYKTYpax OblIa MpoIeMOHCTPHPOBaHA
OpPHEHTANHUs KJICTOK BJOJIb KOJUIATCHOBBIX BOJOKOH. IloyueHHBIE CTPYKTYpBI PEACTABISIOT cO00M
Oonee OMOCOBMECTUMYIO MAaTPHILY 110 CPABHEHHIO C HEOPHEHTHPOBAHHBIMU MaTPHIIAMH.
Qunancuposanue: Pabota BeimonHeHa npu GuHancoBoit nojnepxxke PH® (Cornamenue No. 21-74-
20120-P, https://rscf.ru/project/21-74-20120/).

49



doi 10.18699/CRISPR-2025-50

MpnmeHeHne cuctembl NpanmM-pefakTUpPoOBaHNA FreHOMOB
ANA CO3[4aHNA peneBaHTHbIX Mofenen HacneaCTBEHHbIX
3ab6oneBaHNn YenoBeKa Ha OCHOBe N3oreHHbiX nuHum UMNCK
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Application of genome prime editing to create isogenic iPSC-based
relevant models of human inherited diseases

E.R. Nikitin"-2, S.V. Pavlova'-3, S.M. Zakian" 3, S.P. Medvedev' 3*

! Institute of Cytology and Genetics, SB RAS, Novosibirsk, Russia

2 Novosibirsk State University, Novosibirsk, Russia

3 Institute of Chemical Biology and Fundamental Medicine, SB RAS, Novosibirsk, Russia
* medvedev@bionet.nsc.ru

Key words: prime editing; iPSCs; neurodegeneration; SNCA; MAPT

Co3nanue pesieBaHTHBIX MOAENEH I U3Y4eHHUs 3a00NeBaHMi 10 CHX MOpP OCTAeTCsl aKTyalbHOU
npobmemoii OmoMenumuHbL. [lomydeHwe i mcciueqoBaHHN 00OpaslOB TKAaHEH WM OpPraHOB
HAlUEHTOB 3aTPYIHUTENIBHO, a )KUBOTHBIE MOJEIH YAacTO HE CIHOCOOHBI MOJHOCTHIO BOCTIPOM3BECTU
MATOJIOTUIEeCKHU (PEHOTHIL, CBOMCTBEHHBIH IJISI 4eTIOBEUSCKUX 3a00eBanmii. HampaBineHHOE BHECEHHE
MaTOT€HHBIX T€HETUYECKUX BAPHUAHTOB B T€HOMBI MHIYIIMPOBAHHBIX IUTIOPUIIOTEHTHBIX CTBOJOBBIX
kietok (MIICK) yenmoBeka MO3BOJISIET HE TOJNBKO H3ydaTb MOJIEKYJISPHBIE OCHOBBI IaTOreHe3a
3a00NeBaHMi, HO U SIBISIETCS MIEPCIEKTUBHBIM HHCTPYMEHTOM JUTA KJIeTOuHOH Tepanuu. C MOMEHTa
nepBoro npuMeHeHUs cucreMbl CRISPR/Cas9 mmst pemakThpoBaHWS TEHOMOB 3Ta TEXHOJOTHS
npeTeprena MHOXeCTBO Momupukammil. OJHMM N3 3HAUUMBIX OTKPBITMH B JaHHOW oOmactu
cTajia pa3pabOTKa CHCTEMBI MpaliM-peIaKTHPOBAHUS, KOTOPasi CIIOCOOHA ¢ OOINBIION TOYHOCTHIO U
3¢ (dEeKTUBHOCTHIO BHOCHUTH IienieBbie Momudukammu B JTHK pasmepom mo 80 m.H., TeopeTHdecku
MO3BOJISIST UCTIPABUTD 10 89% M3BECTHBIX MAaTON€HHBIX BAPUAHTOB B TEHOME YEJIOBEKa.

B manHOM nccne10BaHNM CHCTEMA TPaiM-peJaKTHPOBAHUS ObLTa MPHUMEHEHA JUTS CO3AAHUS H30TCHHON
KJICTOYHOM Moienu 6ose3nu [lapkuHCOHA U TayTTaTHii, ACCOIMUPOBAHHBIX C TATOT€HHBIMH BApHAHTAMU
B reHax SNCA (¢.88G>C u ¢.157G>A) u MAPT (c.14G>T, ¢.815G>T u ¢.902C>T). Beutu co3maHbl
IUTa3MUIHBIE KOHCTPYKIMU JJISI TTOBBIIEHHS dP(PEKTHUBHOCTH PEIAKTUPOBAHISI, YKCIIPECCUPYIOIIHE
ngPHK, a Ttaxxke ¢myopecuentusle Oenxu, hMLHldn u mp53DD. IlpumeHenue crtparerum,
OCHOBaHHOW Ha HCIOJb30BaHMU Oenka-penaktopa PEmax, coBmectHo ¢ hMLHI1dn, mp53DD u
coptupoBku kieTok (FACS), mo3Bommno moOuThCsST BBHICOKOH 3(h(EKTUBHOCTH pPEAaKTHPOBAHUS U
BbIXO/a 1eJieBeIX Ki10oHOB Ha KieTkaxX Juand HEK293FT u UTICK yenoseka.

Qunancuposanue: Viccnenopanue nopjepxkano OtomkeTHbM mpoektoM MIulm CO PAH Ne FWNR-
2022-0015.
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Perynauua cuctemnbl CRISPR/Cas9 Ha ypoBHe Hanpasnstowen PHK
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The regulation of CRISPR/Cas9 system on the guide RNA level

D.S. Novopashina'*, E.S. Gorlenko!, F.M. Meschaninov'?, L.V. Sakovina'?, O.A. Dolzhikova!',
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Cosznanue perynupyeMbix cucteM CRISPR/Cas, akTHBHOCTBIO KOTOPBIX MOKHO YIIPaBJISTh, SIBISICTCS
aKTyalbHOM 3amadeii [1].

Lenpro Hameil pa®oThl sBIsETCS co3fdaHue cucteM TeHoMHoro penaktupoanusi CRISPR/Cas9,
perynmpyeMbIx Ha ypoBHe Harpasisitorieit PHK.

Hcnonp3oBaHo ABa MOAXO/Aa K PEryisnud Ha ypoBHe Hampasisomux PHK: obmydenue cBetoM u
amtocTeprdeckas perymsmus. Jlunelinsle Hampasmstiomue PHK comepskamu ¢otopacmiersiembre
nuHKepbl ans paspymeHus PHK myrem oOnmydeHHs M OTKIIIOYEHHUS CHCTEMBI PElaKTUPOBAHHS
B 3ajmaHHbli MOoMeHT [2—4]. [uknuyeckne nampasmstorne PHK wmcxomno He akTwBHBI, mocie
00Iy4YeHHUS IPOUCXOAUT akTUBaIMA cuctemsl [5]. Hampasmstomue PHK, coneprkamue THHKEpHI Ha
OCHOBE a300€eH30J1a, NO3BOJISIIOT U3MEeHATh cTpykTypy PHK, axTuBHpys MM MHAKTUBUPYS CUCTEMY
B 3aBHCHUMOCTH OT JJIMHBI BOJHBI OONMydeHus. sl anmnocTepuyueckod peryisiud B CTPYKTYPY
Hanpasisromux PHK BBoammm anramep k Teodrmumny. B 3aBucumocTr ot ero mokanmsaruu B PHK
MOXXHO aKTHBHPOBATH/IC3aKTUBUPOBATh CUCTEMY J100aBICHHUEM TeOPUILIHHA.

Qunancuposanue: ViccaenoBanue moanepKaHo B paMKax rocymapcTBeHHoro 3ananus UXbOM CO
PAH Ne 125012300656-5 u rpanta PH® Ne 22-14-00294.
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cucrembl CRISPR/Cas. buoghusuxa. 2024;69(3):421-431

2. Akhmetova E.A., Vokhtantsev I.P., Meschaninova M.I. et al. Photocleavable Guide RNA for Photocontrolled
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Using TRPV1 channel-based thermogenetic tools
to impose cardiac pacing
V.S. Ovechkina'-?*, S K. Andrianova' 3, V.V. Belousov'%*4, A.A. Mozhaev" 234

! Shemyakin-Ovchinnikov Institute of Bioorganic Chemistry, Moscow, Russia
2 Pirogov Russian National Research Medical University, Moscow, Russia

* National Research University Higher School of Economics, Moscow, Russia
* Federal Center of Brain Research and Neurotechnologies, Moscow, Russia
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CepaeyHo-cocyaucTbie  3a00J€BaHUS, OCOOCHHO ApPUTMHM, OCTAIOTCSI OCHOBHOW IPUYMHON
cmepTHOcTH. CyILIeCTBYIOIIME METOAbI, TaKHEe KaK MMIUIAHTALUs KapIUOCTUMYISTOPOB, HUMEIOT
OTpaHUYCHUS: PUCK HHPEKITUI, TPOMOO30B ¥ HEOOXOAMMOCTH TOBTOPHBIX ONEpaIiil. ATbTepHATHBON
TPaJIMLMOHHBIM METOAAM TEepaluu SBJISAETCd TEPMOTEHETHKa — METOA KOHTPOJS KIETOUHOM
akTuBHOCTH uepe3 TRPV1-kananel. B oTanume oT ONTOTCHETHKH, OCHOBAHHOH Ha OaKTepHaTbHBIX
CBETOUYBCTBUTENIbHBIX O€JIKaX, TEPMOTEHETHKA UCIIOJIb3YET YHIOT€HHbIE YEI0BEUYECKHUE KaHabl, YTO
MUHMMU3UPYET PUCK UIMMYHHOTO 0TBeTa. KpoMe Toro, oHa 1o3BoJIs€T OCYIIECTBIISITh HEMHBAa3UBHYIO
aKTHBAIIMIO IIyTEM MPOTPaMMHPYEMOTO HArpeBa. OTH OCOOCHHOCTH JIENAlOT TEPMOTCHETHKY
MEePCIIEKTUBHBIM HAIIPABICHUEM AJIS pa3paboTKU HOBBIX Tepanuii apuTMHH.

B paGore co3manbl MHCTpYMEHTHI Ha ocHoBe KaHanma TRPV1 ans KOHTpOJs cepaeyHoro purMa
MbIIIM. B in vitro s3xcriepuMeHTax MOKa3aHo, YTO aKTUBALMS KaHala B KApJAUOMUOLIUTAX IPOUCXOAUT
IIPU TEMIEPATyPHOH CTHMYISIUH, a PACIPOCTPAHEHHE BOJHBI BO3OY)KICHHS B MOHOCIOE KJIETOK
HaOJIo1aeTesl U3 MecTa JIOKaJbHOro Harpesa. [Ipu npoBeneHuu in vivo 3KCIIEPUMEHTOB TOCTUTHYTO
HaBs3bIBaHME puTMa 10 7 Il mpu Ja3epHOM CTUMYJSALMM Y4YacTKOB cepiaua. KoHTposbHbIE
W3MEPEHUs IOATBEPAMIIN TEMIIEPATypPHO-3aBUCUMBII XapaKTep akTUBaluu. B akcriepuMeHTax ex vivo
MIOATBEPIKICHO, YTO BOJTHA BO30YKACHHS BOSHUKACT IMEHHO B MECTE CTUMYJLIIHNHU, YTO MCKITIOUaeT
CTIOHTAHHYIO AKTUBHOCTH. lloyyueHHBIE NaHHBIE JEMOHCTPHPYIOT BBICOKYIO 3((EKTHBHOCTh U
CHEeIU(PHIHOCTh MeTona. Pe3ynbTaTsl CBHICTEIBCTBYIOT O IEPCIEKTHBHOCTH TEPMOTCHETHKH LIS
TPaHCIALMU METOZA B KIIMHUYECKYIO IIPAKTUKY.

Qunancuposanue: ViccnemoBanue nomnepkaHo rpantom PH® Ne 23-75-10111 (https:/rscf.ru/
prjcard_int?23-75-10111).
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Superenhancer G-quadruplexes in transcription regulation
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Henpto paboTel siBrsiock mposicierne ponu G-kBamapymiiekcoB (G4) cymepsnxancepoB (SE) B
TPAHCKPUIIMKM U OLEHKAa BO3MOXHOCTH ymnpasieHus SE-3aBHCHMONM TpaHCKpUMILIMEH C [TOMOILBIO
G4-nmurannoB. B xone uccienosaHus ObUIO ITOKA3aHO CTAaTUCTHYECKH 3HauuMoe oOorameHne SE
caiframu G4. M3BecTHo, uTo B3anMozeiicTBie SE ¢ mpoMoTopamMu pean3yercs 3a cueT 00pa30BaHuUs
OMOKOH/ICHCATOB TPAHCKPHUIIIIMOHHBIX (JAKTOPOB, HaMOOJIEEe 3HAYMMbIM U3 KOTOPHIX siBsieTcst BRDA4.
OcHoBHoI1 caifT cBsi3piBanust BRD4 Ha SE — anetunupoBannbie N-KOHIIEBBIE Yy4aCTKH THCTOHOB. Panee
MBI [TOKA3bIBAIIH, YTO G4 MPEMATCTBYIOT COOPKE THCTOHOBOTO OKTaMepa BO (DIaHKUPYIONIUX yJacTKax
JIHK, moaToMy BO3HHK Bompoc o criocode yaepxkannus BRD4 na G4-6orateix SE. Ilo pesynbraram
MMOJTHOT€HOMHOTO aHann3a, koanuectBo BRD4 na G4-6orateix SE He cHmkeHo. MBI HcCIeI0BaIN
cnocooHocTh G4 Hampsimylo yaepkuBath BRD4 B ydacTkax, CBOOOTHBIX OT aleTHIHPOBAHHBIX
HYKJIEOCOM, U IIOJY4YMJIM COIOCTaBUMbIE KOHCTAHTHI cBsA3biBaHUA BRD4 ¢ G4 u ¢ aneTunupoBaHHbIM
MENTHUIOM U3 KOHCEHCYCHOT'O CaiiTa CBA3bIBaHUS. 3aT€M Mbl U3y YHJIU BIMSHUE U3BECTHBIX G4-TUTaHI0B
(SOP1812 u PDS) na xouaencarsl BRD4 ¢ G4 1 ycTaHOBHIIM CTIOCOOHOCTD JIMTAHA0B HHTHOMPOBATh
ux 00pa3oBaHUe. DTHU TaHHBIC OBUIA YACTHIHO ITOATBEPKICHBI B OKCIIEPUMEHTAX Ha KICTOUHOH JINHUN
K-562: obpabotka xietok G4-muraniamMu CHIXKajla 3KCIPECCHIO TeHOB 1of] KOHTposieM G4-60oraThix
SE, npuueM cTerneHb MOJaBIECHUs SKCIPECCUU TeHOB JIMTMaHIOM KOppenupoBaiia ¢ konuuectBoM G4,
UMCIOIINX MOTCHIMAN K crabunmsanuy, B SE. Pesyneratsl qanHON pabOTHI MOTYT OBITH MOJIC3HBI
IIpY U3YYCHHUH JCHCTBUS KOMOMHUPOBAHHOTO AeHCTBUs G4-THraHI0B ¢ APYTHMH TEPATICBTHYCCKIMU
coeauHeHusaMH (MHrHONTOpamMu BRD4 1 mpou.).

Dunancuposanue: Viccnenosanue noguepxano PHD [22-15-00129-11].
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«bonesnr X» — tepmmn BO3, BBemeHuwii B 2018 romy anms 00O3HAYeHHs MOTEHIMAIBLHOTO
HEM3BECTHOTO MATOreHA, CIIOCOOHOTO BEHI3BATh MAHICMHIO. TaKoW MATOTEH MOXKET MMETh CKPBITOE
TEUEHUE U HE UMETh 3HAYMMOM TOMOJOIMHM C HU3BECTHBIMU IIOCJIEIOBATEIBHOCTAMU. SI3BIKOBBIE
MOJICTIH, 00yUCHHBIC Ha HYKJICOTHIHBIX TIOCIEA0BATEIFHOCTSX, MOTYT BBISBIATH (PyHKIIMOHAIBHBIC U
CTPYKTYPHBIE 3aKOHOMEPHOCTH T'€HOMOB 0€3 BEIPAaBHUBAHMS C U3BECTHBIMHU MTOCIIEIOBATCILHOCTIMH,
9TO O0COOEHHO TTOJIC3HO VIS aHAJIN3a M3MCHUMBHIX WIIM HOBBIX TaHHBIX. B 3TOM HCClleOBaHUH MBI
NpUMEHWIN Ooubiue s3b1koBbie Mojienu (LLM) it MOHUTOpPUHTA H3MEHEHUH MPEICTaBICHHOCTH
[IOCJIEA0BATEIbHOCTEN B METareHOMHBIX JaHHBIX A0 U nociie Havyaja nanaemun COVID-19. U3 6a3bl
NCBI oTo0paHbl MeTareHOMBI: MpenanaeMuueckuii Hadop 10 2019 roga U mocTnaHAEMUYECKUH C
2020 roma, mo 367 SRR-3anmyckoB B kakaoM. HyKJICOTHIHBIC TOCIEIOBATEILHOCTH MPEOOPA3YOTCS
B sMOeaauHr Mozenbsio ViraLM — u3 kaxxaoro u3 12 crmoeB Tpancdopmepa U3BIEKAIOTCS BEKTOPHI
U YCPEIHSIOTCS 110 TOKEHaM. 3aTeM JaHHBIC 00padaThIBalOTCS METOIOM TNIAaBHBIX KOMIIOHEHT (PCA),
MOCJIC Yero UX paclpeleieHNe aHATU3UPYETCs C MOMOIIBIO Pa30MEHNUs MPOCTPAHCTBA Ha SUCHKHU 1
CPaBHEHHUS UX 3allOJJHEHHOCTH siueeKk ¢ momolnsio Tecta KonmMoropoBa—CMHUpHOBA [UIsS BBISBICHUS
pasnuuuii MeXIy ABYMS qaracetamu. Meton ycmemHo oOHapyxui npucyrctBue SARS-CoV-2 B
MOCTHAHJEMUYIECKOM Habope ¢ TyBCTBUTEIBHOCTEIO 10 70%.

Qunancuposanue: ViccnenoBaHue TOINEPXKAHO TOCYJApCTBEHHBIM 3amaHueM  «Paspaborka
AJITOPUTMOB BBISIBIIEHUS HOBBIX YHUKaIbHbIX nocinenosarensHoctet JIHK nnu PHK B metarenomax u
uX (PCHOTUIMYECCKUX XapaKTEPUCTHK in vitroy, HoMmep 122030900069-4.
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B HacTosmmit MOMEHT UMEeTCsI 00TBIIOE KOIMYECTBO MIUCCEHC-MYTAIlUH, CBA3aHHBIX C aMUIIOHI030M,
a MeToJbl paHHEH JHAarHOCTHKUM B OCHOBHOM OTCYTCTBYIOT, YTO MOAYEPKHUBAET HEOOXOIUMOCTH
HAJIC)KHOTO  BBIYMCIUTEIBHOTO TMOAXOAAa in  Silico Ansl TPOTHO3HPOBAHMS HACIEICTBEHHBIX
dopM ammIONIO3a MO JaHHBIM CEKBCHHPOBAHUS. BONBIIMHCTBO HWHCTPYMEHTOB HCCICIYIOT
HOCJIEA0BATCIFHOCTh, IPUBOAAIIYIO K aMuiIonorenesy. OHako HEKOTOphIe 3a00ICBaHMsI BBI3BAHBI
MyTalMsAMU B aMUJIOMAOTEHHBIX YYacTKaX, PacHOJIOKEHHBIX B CTPYKTYPUPOBaHHBIX JOMEHaX,
KOTOpBIC JOJKHBI pa3BepHYThCS (ACHATYpPUPOBATh), YTOOB! MPOMU30ILIO (OPMUPOBAHUE AMIIOUAA.
115 TOUHOW HACHTU(DHUKAIUH TAKIX PETHOHOB HEOOXOIMMO OTIPEICISTh KaK aMINIONIOTEHHOCTD, TaK
U OLICHUBAThH BIUSHUE MYTaIlMii Ha cTaOUIBHOCTH Oeika. B3sB 32 0cHOBY Habop MyTaIuii, CBI3aHHBIX
C HACJCJICTBCHHOW TpaHCTHUpeTHHOBOW Kapmuomuomnartued (ATTR), a Takke BBIOOPKY MyTallHid,
BEPOSATHO, HE MMCIOIINX OTHOIICHHS K 3a00/eBaHNI0. MBI IPOAHATU3UPOBAIN UX C UCTIOIB30BaHHEM
mpeacKasarenell aMHIONIOTCHHOCTH M CTa0MIIBHOCTH CTPYKTYPHI TeTpamepa. B xome uccienoBanms
ObUIO BBIABICHO, YTO TPECKAa3aTeIN CTAOMIBHOCTH MOCICIOBATEIFHO MOKA3hIBAIM, YTO MYTAIUH,
cesazannble ¢ ATTR, cunmbHee aectabummsupyrot ctpyktypy TTR, yem myraruu, He CBSI3aHHBIC C
ATTR. Ha ocHOBe 3THX JJaHHBIX HaMu ObL1a pa3paboTaHa Mojeas MaHHOTro 00yueHus SDAM-TTR
JUIS IPOTHO3UPOBAHMS MyTaLUH, MPUBOAALINX K pa3BuThio AT TR-kapanomuonaru.
Qunancuposanue: PaboTa BHINONHEHA TIPH (PUHAHCOBOH moanaepxkke Poccuiickoro HaydHoro ¢ouua
(mpoext Ne 21-74-20093-I1).
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Kak noBbIcnTb ycTONUMBOCTb KapTodena K PVY?

W 3auem anA sToro Hy»kKeH Tabak
O.JI. Paxxuna'*, B.B. Hukanopkuna', A.C. Cymienko?, M.B. Jlebenesa!, B.B. Tapanos'
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Kurouessie ciioBa: CRISPR-Cas9; Nicotiana tabacum; ycroitunocts k PVY; VPg

How to increase potato resistance to PVY?

And why we need tobacco for it
O.L. Razhina'*, V.V. Nikanorkina', A.S. Sushchenko?, M.V. Lebedeva', V.V. Taranov'

YAll-Russia Research Institute of Agricultural Biotechnology, Moscow, Russia
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Key words: CRISPR-Cas9; Nicotiana tabacum; resistant to PVY; VPg

Y-Bupyc kaprodenst (PVY) sBisercst onHUM U3 Hanbosee OMacHbIX BUPYCHBIX 3a00JICBaHUH pacTeHUN
cemeiictBa Solanaceae. benok VPg koBaneHTHO prcoenuHeH k PVY, cesasbiBaercs ¢ elF4E (pakropom
UHUIIHAIUT TPAHCISAIMN) UMHTHPYS K3M-cTpykTypy MPHK KkneTku-xo3siiHa, 9TO TO3BOJISET HAauaTh
CHHTE3 BUPYCHBIX OCIIKOB B paCTUTENBHOI KieTke. Momnduuupys elF4E (pakTop BocipunManBOCTH),
MOKHO JOOUTHCS MOBBIIICHUS YCTOWIMBOCTH pacTeHHH K PVY. OnHUM U3 IIMPOKO UCTIONB3YEMbIX
METOJIOB JJISI OIICHKHU OCIIOK-OCIIKOBBIX B3aUMOJICHCTBHI SIBISIETCS IPOOKEBAst IBYTHOPHIHAS CHCTEMA
(Y2H). OpHako Ha mMpakTHKe, YTOOBI TOATBEPIWTH HaJHYUe OCNIOK-OCIKOBBIX B3aMMOJICHCTBHIA,
HEOOXOIMMO MPOBECTH IOTONHUTEIBHBIC UCCICIOBAHMS, 3TO CBSI3aHO C Pa3uiueM B (PH3HOJIOTHU
Ipoxoked u pacteHuit. HeobxoauMo co3fath cHUCTeMYy, Ie Pe3yibTaThl O B3aUMOJACHCTBHM OymyT
Ooyee TOCTOBEPHBI U IMO3BOJLT MPOBECTU MPOBEPKY PA3TMYHBIX BapPHAHTOB MOAW(DUIIMPOBAHHOTO
0erKa HeTTOCPEICTBEHHO B PACTCHHSIX.

Lemp — mpemyoXuTh anropuT™M AeUCTBHH ms Hambonmee >(QGEKTHBHONW MPOBEPKH H OTOOpa
cMmonenupoBanHbIX MyTanuit elF4E kaprodens.

[omumo Y2H wHeoOxommMmo co3mate Monenb in planta, B KOTOPOH ITONYYCHHBIC PE3YIBTAaTHl O
B3auMojeiicTBuH OyayT 60Jiee TOCTOBEPHBIMH U ITO3BOJIAT IPOBECTH MPOBEPKY PA3NUIHBIX BAPHAHTOB
MOIM(UIIMPOBAHHOTO O€JIKa HEMOCPEACTBEHHO B PACTEHUSIX. N. tabacum SBISETCS MOACIHHBIM
00BEKTOM, Ha OCHOBE KOTOPOTO MOKET OBITh CO3/IaHa cUCTeMa in planta. JlaHHas cUCTEMa IPECTABISICT
co0oii pacTeHre Tabaka ¢ HokayToM (akTopoB BocrpuuMunBocTH elF4E1-S u elFiso4E-T k PVY, uto
B CBOIO OuY€peb IIPUBOAUT K MOBBIIIEHUIO YCTOMUUBOCTU pacTeHus K Bupycy Y. Ilpu nanbHeimei
TpaHC(OpPMAIIMN TaKUX PacTeHUH (akropamMu Tabaka u Kaproders, HeCyIIuX 3alulaHHPOBaHHBIC
MyTanuu B pakrope 4E, MOXKHO cyauTh 00 3 (PEKTUBHOCTH BEIOPAHHBIX MOAU(HUKAIINI B 3aBUCIMOCTH
OT pe3yNnbTaToB 3apakeHus PVY.

PesynbraTel: ObuTM oOmpeneneHbl (GakTopbl BocIpuUMYMBOCTH K PVY Ttabake. Boumm co3maHbl
KOHCTpYKIUH Jiist HokayTHpoBaHus elF4E1-S u elFiso4E-T. beuto monydeHo pacTeHue, coaepkaiiee
peaaKTUpOBaHUE TI0 2 TeHaM.

Qunancuposanue: ViccnenoBanne OBIIO BBIIONHEHO B paMKaxX [ 0CymapcTBEHHOTO 3alaHHs HOMEp
FGUM-2022-0004.
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CRISPRa-onocpeaoBaHHaA cBepxaKcnpeccua reHoB SOD3 n GPX3
noBblWaeT ycTonumBocTb Knetok HEK293 n Hela

K OKMCINTENIbHOMY CTpeccy

E.E. PacoBa'*, M.M. Tasneesa!, E.C. benbix', A.B. Pribax!, JI.M. Cenua?, 1.B. bananaesa?,

N.0. BenerxaHnHOB'

' Unemumym ouonoeuu Komu nayunozo yenmpa Ypanvckozo omoenenust Poccuiickotl akademuu nayk, Colkmulekap,
Poccus

2 Huorcezopodckuii 2ocyoapemeennwiil ynueepcumem um. H.HU. Jlobauesckozo, Huscnuii Hoe2opoo, Poccust

* elrasova@mail.ru

Kuiouessle ciioBa: CRISPRa; okucnuTenbHbli cTpecce; KIeTOuHasi CTPECCOyCTOMYUBOCTD

CRISPRa-mediated overexpression of SOD3 and GPX3 genes enhances
the resistance of HEK293 and Hela cells to oxidative stress

E.E. Rasova'*, M.M. Tavleeva!, E.S. Belykh!, A.V. Rybak!, L.M. Sencha?, 1.V. Balalaecva?,

1.0. Velegzhaninov!

! Institute of Biology of Komi Science Centre of the Ural Branch of the Russian Academy of Sciences, Syktyvkar,
Russia

2 National Research Lobachevsky State University of Nizhny Novgorod, Nizhny Novgorod, Russia

* elrasova@mail.ru

Key words: CRISPRa; oxidative stress; cellular stress resistance

Perymanuss  xnerouHoil  crpeccoycroiunBoct  nocpeactsoM  CRISPRa-omocpenosanHoi
CBEPXAKCIIPECCUM T'€HOB AHTHMOKCHIAHTHOM CHCTEMbI SBIISETCS MNEPCHEKTUBHBIM MOIXOAOM IO
IPCOAOJICHUIO TOCIECACTBUN OKHUCIUTEIBHOTO CTpecca Ha KIETOYHOM ypoBHE. llenpio maHHOTO
HCCIIe/IOBaHUs Obla OleHKa 3(P(EKTOB OJHOBPEMEHHOW CBepx3kcnpeccuu reHoB SOD3 u GPX3
Ha ycroluuBocTh kieTok udenoBeka HEK293 u Hela k OKHCIUTEIBHOMY CTPECCY, BBI3BAHHOMY
MOHW3UPYIONIMM H3IydeHHeM U TapakBaroM. KieTkum moaBepranyd TpaHCHEKIHH ILIa3MUAIOMH,
koaupytomeit 6enox dCas9 c¢ axtuBatopom TpaHckpumniuud VPH, u mmasmumaMu, KOIUpYHOIIMMU
runosie PHK k mpomoTtopam renoB SOD3 n GPX3. [lociie 00mydYeHHs WK BO3JCHCTBUS MTapaKkBaTOM
OLICHMBAJM BBDKHBACMOCTH KIJICTOK C MOMOIIBIO (hIIyOPHUMETPUUECKOTO aHAIM3a IUTOTOKCHYHOCTU
B MHKpOKynbTypax (FMCA), a Take CKOPOCTh MUTpalUH U Tponudeparmn KIeTOK Ha (oHe
cBepxakcnpeccun SOD3 u GPX3 6e3 Bo3aencTBus cTpeccoBbIX ¢akTopoB. [To nanasiM FMCA, nocrne
0OJTydeHUS U BO3/ICHCTBHS MMapakBaToM BehkHBaeMOoCTh kiieTok HEK293 co cBepxakcnpeccueit SOD3
(B 843-954 paza otHOCUTENBHO OazanbHOTO ypoBHs) 1 GPX3 (B 22-36 pa3) Oblia JOCTOBEPHO BHIIIC B
CPaBHCHUU C KOHTpoJieM. [IaHHBIH pe3yibTar ObLT YacCTHYHO BOCIIPOM3BeIcH Ha kieTkax Hela. Kpome
TOT0, OIHOBpPEMEHHOE NOBbIIIeHNE dkcnpeccuu SOD3 u GPX3 B knetkax HEK293 ne ctumynuposaio,
a B Hela cHmxkamo ckopocTh MHUIpaldy KJIETOK, a TaKkKe MPUBOIAWIO K CHIDKEHUIO YPOBHS
nponudepanun B 00eux KynbTypax. JlaHHBIC pe3ynbTaThl, Ha HAII B3IVIAJ, JAIOT ONTHUMHUCTUYHBIN
MIPOTHO3 0 IeyTeco00pasHoCcTH BeI00pa SOD3 u GPX3 kak 3 (HEeKTHBHBIX M MOTECHITMATHLHO 0€30MaCHBIX
MHUILIEHEH TPAaHCKPUILIMOHHON PEryJIalUM KJIETOYHOM CTPECCOyCTOMUNBOCTH.

Qunancuposanue: VccnenoBanue momaepkaHo MHHHUCTEPCTBOM HAayKH W BEBICHICTO 00pa3oBaHUS
Poccuiickoii @eneparun (['ocynapcrBenHoe 3aganue Nel125020501526-3).

57



doi 10.18699/CRISPR-2025-58

OT MoneKynbl K neKapcTBy

H.®. Canaxytaunos*
Hosocubupcruii uncmumym opeanuuecxou xumuu CO PAH, Hosocubupck, Poccus
* anvar@nioch.nsc.ru

KnroueBbie c10Ba: MeIUIMHCKAsE XUMHUS; HU3KOMOJIEKYIISIPHbIE TIPErapaThl

From molecule to drug
N.F. Salakhutdinov*

Hosocubupckuii uncmumym opeanuuecxoti xumuu CO PAH, Hoséocubupck, Poccus
* anvar@nioch.nsc.ru

Key words: medical chemistry; small molecule drugs

B noknane Ha ocHoBe pabor Otnena memunmHckod xumun HMOX CO PAH paccmarpuBarotcs
MIPUMEPBI CO3IaHH JTEKapCTBEHHBIX ar€HTOB B HanOo0JIee BOCTPEOOBaHHBIX TEPANEBTHIECKIX KITaccax
— OHKOJIOTHH, Pa3HOOOPAa3HBIX BUPYCHBIX HH(PEKINAX, HEHPOJETCHEPATUBHBIX 3a00ICBaHUSX.

Bo Bcex mepeurcieHHBIX 001acTAX HalICHBI COCIMHEHUS-TUAEPH! OONBITHHCTBO KOTOPBIX MTPOILIH
IIUKJT TOKJIMHUYECKUX UCTIBITAHUI.

Tak co3man >()(eKTUBHBIN AHTHNAPKMHCOHWYECKHH areHT [IpoTTpeMmH, YCIEeIHO IMpOoIIe I
HepBylo (a3y KITMHUIECKUX UCIBITAaHUH U IMEIOIIN paspemnieHne Mun3apasa PO Ha BTOpyIo cTaanio
KJIMHUYECKUX UCTIBITAHUI.

OOHapyxeH MPOTUBOBUPYCHBIN areHT Kamgermn — mpon3BogHOe MPUPOIHON KaM(OpH!, KOTOPHIH
o0nazaeT He TOIBKO BBIIArONIelcs akTHBHOCTRIO K mTammy HIN1 Bupyca rpumma, HO 1 criocoOeH
AKTMBHO MHTHOMPOBATH MIMPOKUIT CHIEKTP JIPYTUX IITAMMOB BUPYyCa TPUIIIA.

[Ipon3BoxHOE MPHUPOIHONW YCHUHOBOI KHCIOTHI sBIsAeTCS 3(QQPEKTHBHBIM MHIHOMTOpPOM THPO3WII-
JHK-¢pochommactepassr 1 (Tdpl), sBnsiommMmcst BaKHBIM (EPMEHTOM CHCTEMBI peraparyuu
JHK, oTBETCTBEHHBIM 3a JIEKAPCTBEHHYIO YCTOMYMBOCTh MHOTHMX 3JI0Ka4€CTBEHHBIX 3a00JICBAHUIL.
CoBMeCTHOE HCIIOIB30BAaHUE HTOTO areHTa M IUTOCTATHKAa KaMIIOTCIMHA TO3BOJISICT HAACAThCS Ha
yCIIeX B JICYCHHUH TaKOTO HEIIPOCTOTO OHKO3a00JICBAHMS KaK PAK JIETKOTO.

Qunancuposanue: ccnenoBanue nopnaep:xxkano ['ocynapcrsennsiM 3aganuemM Ne 1021051703312-0-
1.4.1.
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NMpumeHeHne nMmyHoxpomaTorpadpuyeckux TecT-noaoCcoK
B cuctemax Ha ocHoBe CRISPR/Cas amnnndunkauun gna 6bictpon

6ecnpn6opHOI feTeKLn NaTOreHHbIX MUKPOOPraHM3mMoB
N.B. Cadenkosa*, M.B. Kamuonckas, A.B. Xepnaes, b.b. [13anTues

HUnemumym 6uoxumuu um. A.H. Baxa, ®edepanvhuiii ucciedosamenvckuti yenmp « DyHoamenmanvhvle 0CHOBb
ouomexnonoeuu» PAH, Mocksa, Poccus
* irina.safenkova@gmail.com

KiroueBbie cj10Ba: M30TepMUYECKast aMILTM(HUKALHL; IMMYHOXpOMaTorpaduueckuil aHaan3; GMOCCHCOPbI

Application of lateral flow test strips in CRISPR/Cas
amplification-based systems for rapid equipment
free detection of pathogenic microorganisms

I.V. Safenkova*, M.V. Kamionskaya, A.V. Zherdev, B.B. Dzantiev

A.N. Bach Institute of Biochemistry, Research Centre of Biotechnology of the Russian Academy of Sciences, Moscow,
Russia

* irina.safenkova@gmail.com

Key words: isothermal amplification; lateral flow assay; biosensors

WHTencuBHOE pazBuTHE IUarHocTuueckux cuctem Ha ocHoBe CRISPR/Cas peakiuii, mpoxomsiux
npu (QUKCHPOBAHHOW TeMmmeparype W obecmeumBaiomux crenupuieckoe pacnoznaBanne JHK/
PHK wmwumieneil u, kak cieicTBHe, HeCleNUPUUECKyr0 HYKJI€a3HyI akTHBHOCTh Cas, TpeOyer
MPOCTBIX OBICTPBIX WHCTPYMEHTOB JUISI JETCKIMH MPOAYKTOB HYKJICa3HOH aMILTH(UKALIUH.
HmmyHnoxpomatorpadudeckne Tect-nojgocku (MXT), ynoBiaeTBOpsIOIe TaHHBIM TPeOOBaHUSM,
CIOCOOHBI 3aHATh 3Ty HMIIY Oyiarojaps BO3MOXKHOCTU HAaCTPOMTH IEHEpalMI0 CUIHajla B OTBET Ha
HYKJI€a3HOE pa3pe3aHue OJMTOHYKICOTHAHOTO 30H 1. Llens uccnenoBanns —pa3padboTka 3pPpeKTUBHBIX
rkoHpuryparmii UXT s ananmutrdeckux cuctem Ha ocHoBe CRISPR/Cas amrumnukarum.

B xawectBe mmmenedd gns UXT nmeTeknuu HW3y4eHbI HECKOJIBKO HambOosiee MepCHeKTHBHBIX
OJIUTOHYKJICOTHIHBIX 30HIOB, mpuMeHsieMbiX B CRISPR/Casl2a peakmmsx: 1) [FAM]15dT[Bio],
2) ([FAM][HEg]),[TREBLER]15dT[Bio], 3) [IgG][FAM]15dT[Bio], rme 15dT — TumuHOBBIN
OJIMTOHYKJICOTH/I, pa3pe3aeMblii aktuBHpoBaHHBEIM Casl2a, FAM — ¢umyopecnenn, Bio — Onotus,
HEg — rekcastunenrmukons, TREBLER — ¢ocdopamuaur mns tpoitHoro BersieHus, 1gG —
ummyHODTOOymuH G. s KakIoro M3 30HIOB YCTAaHOBJIEHA onTHManbHas KoHpuryparws UXT,
BKITIOYAIOIIasi pelenTopsl (cTpentaBuauH, antutena k FAM, anturena k IgG) ans pacno3HaBaHus
metok (Bio, FAM, IgGG) Ha oNMUTOHYKICOTHIHBIX 30HAaX, popmar UXT (COHIBUY, KOHKYPCHIIHS) H
cooTHouIeHus perenrop/3oua. Haubonee addextunnas xonpurypanus MXT, momydennas a1s 30H1a
Ne 2 m conmBuu (opmara, obecrieunBana IT0CTOBEpHOE MH(depeHIIMPOBaHHE TONIOKHUTEIFHBIX U
orpunarensHbIx pe3ynsratoB CRISPR/Casl2a tectupoBanus 3a 10 MUHYT ¢ 4yBCTBUTEIBHOCTBIO,
COITOCTaBUMOM ¢ IPUOOPHOH (hIIyopecIieHTHOM AeTeknnel kapookcuponamuna. ppextuBHocTh MXT
MOATBEpKIeHa s BhisiBNeHus cnenuduyeckux JJHK mapkepoB OakrepuaibHBIX (UTONATOTCHOB —
Ralstonia solanacearum, Clavibacter sepedonicus.

Qunancuposanue: ViccnenoBanue noaaep:xaHo Poccuiickum HaydHbIM (poHIOM, TpaHT Ne 25-16-
00246.
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UccnepoBaHune 3ppeKTNBHOCTU reHETUUYECKUX KOHCTPYKLIMIA,
Koaupyowmux HenpoTtpopunueckne paktopbl UeNoOBeEKa,
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Investigation of the efficacy of genetic constructs encoding human
neurotrophic factors in a mouse model of amyotrophic lateral sclerosis

LK. Slepov!>**, M.E. Frolova!?, N.S. Zhunusov?, S.A. Kushnir®, A.A. Kurbatova’,
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BoxkoBoit amroTpohudeckuii CKIepo3 — OHO M3 CaMbIX PACIPOCTPAHECHHBIX U TSHKEIIBIX 3a00/ICBaHNUA,
XapaKTepU3yIOIUXCs JlereHepaled JIBUTaTeNbHBIX HelpoHoB. HecMmoTps Ha 3HauYMTENbHBIE
JOCTHKCHUSI B TOHMMAaHWU TIATOTEHE3a, YCIEeX METONOB JICYCHUS OCTACTCS OrPAHUYCHHBIM.
HetiponporekTnuBHbIe cBOMcTBa Helporpoduyeckux (akropo (HTD) MoryT cTarh yHHBEpPCATbHBIM
10AX00M 3¢ GEKTUBHBIM IS BCeX MarueHToB ¢ bAC.

60 TpaHCTEHHBIX CAMIIOB, JKCIPECCHUPYIOIIMX YKOpoueHHYH (opmy Oenka FUS (1-359), Obumn
pasnenensl Ha 4 TPynmbl B 3aBHCUMOCTU OT BBogumoro BemiecTBa: PBS, AAV-EGFP u 2 rpynmnst
C TeHETHYECKHMMM KOHCTPYKIMAMH, komupyromumu HT® uyenoBeka (cucrema nocraBku AAV).
Baenenue npoBoauIoch CyOOKIMIUTAIBHO 0c00sIM B Bo3pacTe 65 nueit. Dxcnpeccus HTD uenosexa
ObuTa moaTBepxkacHa ¢ momomisio TP ¢ oOpaTtHOW TpaHCKpumImend. Pe3ynbrarhl McciaeI0BaHUs
MOKAa3alli, YTO B TPYTIAX, MOMyYUBIIMX KOHCTPYKIHH ¢ HT®, IpoaomKUTEIbHOCT JKU3HHU )KUBOTHBIX
obuta BhINIE, yeM B Tpynmnax AAV-EGFP u PBS (Memmanwr: 133-138 anei nporus 123,5 nHei B
KOHTPOJIBHBIX T'pyNIax). AHaJOTHYHBIC Pe3yJbTaThl ObUTM OOHAPYKEHBI IJIs MPOJODKUTEIFHOCTH
OeccuMITOMHOTO reprona (Meauansl: 125-128 u 112-120 aHEH, COOTBETCTBEHHO). Pe3ynbrarsl ObUH
MIOAITBEPIKICHBI C HCIIOIb30BAaHUEM B3BEIICHHBIX JIOT-PAHIOBBIX TECTOB, p-value koTopbix 0611 < 0,01.
[omy4eHHble NaHHBIC CBHACTEIHCTBYIOT O TOTCHIHAIBHOW 3()(EKTHBHOCTH TEHHOH Tepamuu Ha
ocaoBe HT® B neuernnu 60KOBOTO aMHOTPO(YUIECKOTO CKIIepo3a.

Qunancuposanue: VccnenoBanue monaepkaHo MHHHUCTEPCTBOM HAayKH W BEBICHICTO 00pa3OBaHUS
Poccuiickoii ®enepanuu (OHTII pasButus reHetudeckux TexHomoruii Ha 2019-2030 romsr,
cormamenue Ne 075-15-2025-558).
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Kacna3a-2 HOKayTHbI€ MblLWlN, NOJTyYE€HHbIe
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Kacnaza-2 mpuHa/UIeKHUT K CEMEWCTBY IMCTCHHOBBIX MPOTEa3, YYaCTBYIOUIMX B PA3IMYHBIX THUIAX
MIPOTPaMMHUPOBAHHOM THOETH KJIETOK, TAKUX KaK allolTo3, MHPOITO3, HEKPONITO3, (heppomnTo3 U Jp.
HecMmotpst Ha TO 4TO Kacmazy-2 OTHOCAT K MPO-aroNTOTHYECKUM OellkaM, TIOKa3aHO e y4yacThe B
Pa3MUYHBIX HE-aIONITOTHYCCKUX MTPOIIeCCaX, BKIFOUAst PETYIIAINIO KJICTOYHOTO [TUKIIA, TPOTH(epaItuo,
JuddepeHITMPOBKY U ap. JIBoiicTBEHHAs pOJIb Kacmasbl-2 B Mpolieccax THOeIH U BEDKUBAHHS KIICTOK
OCTaBIISIET OTKPBITHIM BOIIPOC O €€ (PU3UOIOTHUCCKOI POIH B OpraHU3ME.

JLJ1s1 OlIeHKH POJIK Kacmasbl-2 B GYHKIIMOHUPOBAHUH OPTaHW3Ma HAMHU MOJTYYCHBI JIBE TIMHUH MBIIICH,
B KoTopble ¢ momotibio TexHojoruun CRISPR/Cas9 BHecens! nenenuu mumHoM 7 1 20 HYKJICOTHIOB
B IISITBHIN 9K30H, KOAUPYIOIINI aKTUBHBIN HEHTP GepMeHTa. OTCYTCTBHE KCIIPECCHH I'eHa Kachas3bl-2
moATBepkIeHO Ha ypoBHe PHK m Oenka B pa3muuHBIX TKaHSX HOKAYTHBIX XKUBOTHBIX. O0¢ JMHHUU
HOKAyTHBIX IO Kacraze-2 MbIIIed He WMENU SIPKO BBIPAXKEHHBIX MATOJIOTHH, KpOME CYIIECTBEHHO
CHIDKCHHOH (DepTHIHHON (YHKIMH y CaMOK. YCTaHOBJICHHE MEXaHHM3Ma HapYIICHUs 3TOH BakKHOU
(DYHKIMK Y TIOTYYECHHBIX JKUBOTHBIX TMOMOXKET MOHSTH PETYISATOPHBIC MEXaHHM3MBI, 3aBHCAIINE OT
(YHKITMOHHPOBAHUS KacIa3bl-2 B YCIOBHSX inl ViVo.

Dunancuposanue: Viccnenosanue nojaepxano rpantoM PH®, Ne 23-74-30006.
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Ponb BapuaHTa ¢.1492T>G reHa GLUDZ2 B HapyLueHUn
MUTOXOHAPWaNbHON GPYHKLNN HENPOHaNbHbIX NPOU3BOAHbIX
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The role of the GLUD2 c.1492T>G variant in mitochondrial dysfunction
in neuronal derivatives of iPSCs from a Parkinson’s disease patient
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Bonesnp Ilapkuncona (BII) — HeliponmerenepaTuBHOE 3a00JeBaHUE, CBSI3aHHOE C MYTAlUAMHU B
paznuyHbIX reHax. OJJHUM U3 TaKUX T€HOB MOXKeT ObITh reH GLUD2, nokanu30BaHHbIN Ha X-XpOMOCOMeE
U KOJMPYIOIINI MUTOXOHAPUANBHBIN (hepMEHT TIyTamataeruaporeHasy 2. Bapuanr c. /4927>G rena
GLUD?2 moxert ObITh cBsizaH ¢ pazButueM bII [1], HO ero pons B maToreHes3e BhI3BIBACT TUCKYCCUH B
HAy4YHOM COOOIIECTBE.

B nanHOil paboTe HCHONB30BaIMCh HMHIYLHPOBAHHBIE IUIIOPUIIOTEHTHBIE CTBOJOBBIE KJIETKH
(MIICK), moiy4eHHbIe OT ManueHTa sxeHckoro nosa ¢ bI1, rerepozurorHoro no Bapuanry c./4927>G
rera GLUD2. UIICK Obuti pasneneHbl Ha JBE TPYIIIBI, OTIHYAIONIMECS AKTHBHBIM TOMOJIOTOM
X-xpomocomsl — X1 u X2. B pesynsrare HanpasienHo# quddepeniupoku UIICK nByx u30reHHbIX
rpymn nanuenTa (X1 u X2) ¥ KOHTPOIBHOW THHAH B TO(paMUHEPTHUECKUE HEUPOHBI OBLTH MOTYICHBI
peneBaHTHBIC KICTKH i u3ydeHust BII. IlomyueHHbBIE KydbTypbl KICTOK XapaKTCPH30BAIUCH
Hanm4reM cnenupuaHoro Mapkepa TH (THpO3HHTHAPOKCHIA3H).

C moMoIbi0 MPHKU3HEHHON KOH(OKATbHOW MUKPOCKOIHHU PEJICBAHTHBIX KJIETOK ObLTAa MPOBEICHA
OIlCHKa AaKTHBHOCTH MHUTOXOHApHH. B KymbTypax modaMuHEprudecKux HEWpoHOB rpymimsl X1
HaOJIIO/IaJIOCh CHIKCHHOE KOJIMYECTBO AKTHBHBIX MHUTOXOHJPHIl MO CpaBHEHHUIO C rpymmnoi X2 u
KOHTPOJBHBIMU KynbTypamu. C momomipio mpubopa Seahorse (Agilent) Oplta oleHEHA CKOPOCTH
norpebiienust kuciopoaa (OCR) MUTOXOHIpHSIMHU, a TaKKe pe3epBHAs JIbIXaTelbHas CIIOCOOHOCThH
(SRC). B rpynne X1 HaGmromanuch CHUKCHHBIC MOKas3arenu 0azanbHOW W MakcumanbHOW OCR m
SRC 1o cpaBHeHUIO ¢ rpynnoil X2 1 KOHTPOJIEM.

Takum o0paszom, BapuaHT c./4927>G rena GLUD2 nokanu3oBaH Ha aKTUBHOW X-XpoMocoMe B
rpynmne aMHui X1 ¥ accolMUpOBaH CO CHUYKEHUEM MUTOXOHIPHAJIBHON aKTUBHOCTU U HapylIEHUEM
OKHCIIHTEIFHOTO (ocHOpHIHPOBaHIS B TO(hDaMHHEPTHICCKIX HEHPOHAX, YTO MOJKET OBITh TPUIHHON
passutus BIIL.

Dunancuposanue: ViccnenoBanue nojyepxano rpantoM PH®, Ne 23-15-00224.

Cnucok numepamypul

1.  Zhang W., Gong J., Ding L. et al. Functional validation of a human GLUD?2 variant in a murine model of
Parkinson’s disease. Cell Death Dis. 2020;11(10):897
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O¢$PeKTUBHOCTb KOHCTPYKLMUN Ha ocHoBe AAV

npu FKRP-accounmnpoBaHHOW MnonaTuu in vivo
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In vivo efficacy of AAV-based constructs for FKRP-associated myopathy
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[osicHo-koHeuHOCTHAsT Muonuctpodust R9 — ayrocomHo-pernieccuBHOe 3a00J€BaHHE, BBI3ZBAHHOE
MyTaie B reHe FKRP, komupyromieM (yKyTHH-POJICTBEHHBIN Oenok. ['eHHas Tepamnus Ha OCHOBE
a/IeHO-aCCOLMMPOBAHHOTO BHpyca (AAV) crmocoOHa NMPHUBECTH K perapalydyl MYTaHTHOTO TeHa U
BOCCTAHOBJIEHHUIO CUHTE3a OeKa, OII0CPEA0BAHHOIO TpaHCAyKIMeH BekTopa [1].

B wuccnenoBanuu Obina paszpaborana koHcTpykims AAV9.FKRP, necymas TpancrenHsiid FKRP.
D¢ PEeKTHBHOCTE TOCTABKH MPOTECTHPOBAHA i1 Vivo HA MyTAaHTHBIX MbIMax JHHUH P448L, KoTOophM
npenapar ObUT BBeJIeH B/B U B/M. B nanbHeiimem yepe3 30 cyTok Mpou3BeIeHbI 3a00p OnomaTtepuanna u
THCTOJIOTUYECKOE HcclenoBanne: mMmyHogmyopectentms (D) u MmophomMeTpus MBIIICYHBIX BOJIOKOH
(MB).

[To pesynsraram D nomns TpaHc Iy IMpOBaHHbBIX BOIOKOH JocTura 30% u Obliia corocTaBuMa ¢ TAKOBOM
y 370pOBBIX MbIIIeil. [IaTTepH pacnpeaeneHns B OCHOBHOM CapKOJIEMMANIBHBIM — HU3KOE KOJIMYECTBO B
LUTOIIa3M€e CBUJIETEIbCTBYET O HEMTOJIHOM BOCCTAHOBIIEHUH CHHTE3a de novo.

[Ipu 0030pHOM OKpAIIMBAHUM I/3 — TEHACHIUS K CHIXKEHHIO Joiu MB ¢ MHTepHAIHU3HPOBAHHBIMU
SIIpaMA M HEKPO30M, HO COXpaHECHUE BAPHAOCIIEHOCTH Pa3MepoB B (OpM.

Bonee »dpdexruBnas tpancaykims mnocie BBereHuss AAVYO.FKRP u ynydiieHne rucToiorudeckux
apaMeTpoB MHOIUCTPO(UH yKa3hIBAIOT Ha BO3MOKHOE JalbHEWIIee MPUMEHCHHE KOHCTPYKIMH C
YBEIWYEHUEM BBIOOPKU M BPEMEHHM 3KCIIO3HMILIUH TIperapara B OpraHu3Me MBIIIEH.

Qunancuposanue: TocynapcTBeHHOe 3aaHue «l €HHO-KJIETOYHasl peryssilus pereHepanuy TKaHei
OTIOPHO-JIBUTATEIBHOTO alllapara U pa3padoTKa JIEKapCTBEHHBIX MIpenaparoB Ha ux ocHose», FURG-
2025-0050, 1024100700005-8.

Cnucok numepamypul

1. Villar Quiles R.N., Richard I., Bouchet-Seraphin C., Stojkovic T. Limb-Girdle Muscular Dystrophy type R9
linked to the FKRP gene: state of the art and therapeutic perspectives. Med Sci (Paris). 2020;36(2):28-33

63



doi 10.18699/CRISPR-2025-64
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Jns ycTpaHeHHsT HECTIEU(UUIECKOM aKTUBALMM ONTOTCHETHUCCKUX CHUCTEM B YCIOBUSX THEBHOTO
Oenmoro cBera [1] mbl ycoBepimeHcTBOBanmu cucreMy BphP1-QPASI1, aktuBupyeMyro OJWKHAM
unppaxpacasiM csetoM (BUK, 780 HM) [2], BBeAs CHHUII CBET-4yBCTBUTEIBHBIH JToMeH AsLOV2
(460-480 uMm).

AKTHBAIIS TPAHCKPUIIIINH [[EJICBOTO I'eHa MPOUCXOANT 3a CUEeT AUMEpH3alui KOMIOHeHTOB BphP1 n
QPASI, 9To IpUBOANT K COMMKEHHUIO CIUTHIX C HUMH TpaHCAaKTUBalMOHHOTO qoMeHa VP16 n JIHK-
cBsizbIBaroIero nomena Gal4 coorsercrBenHo. s mogasneHust GoHOBOM akTuBanuu 6emok QPAS]
ObL1 ciuT ¢ ToMeHOM AsLOV?2, B KOTOpOM BO3IAEHCTBHE CHHETO CIIEKTPa BBI3BIBACT YKCIIOHHPOBAHHE
(DYHKITHOHATIBHBIX ITOCJICA0BATECILHOCTEH.

Bomee ycmemmbiM oOkazancss moxxon, B KoTopoM AsLOV2 ObDI COemWHEH C JETPOHHOU
nocinenoBarenbHOCTbi0 RRRG. B aTOM citydae nmpoucxonuia HanpasjeHHas Aerpajalys XUMEPHOro
oenka QPASI.

OKCTepuMeHTaIbHAs IPOBEPKA MPOBOAMIIACE HA INCThAX Nicotiana benthamiana ¢ NCIONb30BaHIEM
penopreproro rena pEGFP. Pesynwsrarer nmponemonctpupoBanu, uro BapuanT ¢ RRRG-merponom
obecrnieunBan crporo BUK-cnenuduunyto akruBanuio sxkcnpeccuu pEGFP 6e3 Bunumoro ¢poHOBOTO
CHUTHaJa Ipu OCIOM CBETE U B TEMHOTE.

Qunancuposanue: Uccnenosanue mnojaepkaHo PH®D, rpant Ne 22-74-10118-IT1 (https:/rscf.ru/
project/22-74-10118/).
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MHaKTnBauma NMMMYHOMNpOoTeaCcoOMbl NPUBOANT K CHUXKEHUIO
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Inactivation of the immunoproteasome leads to reduced efficiency
of somatic cell reprogramming
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WnnynupoBaHHBIC IUTIOPUIOTEHTHBIE cTBOJOBBIe kieTkn (uIICK) mpeacraBmstor  coOoit
MIEPCTICKTUBHYIO MOJCTh Kak Ui (yHIAMCHTAIBHBIX HCCICTOBAaHMUH OMONOTHH pa3BHUTHS, TaK H
JUIS pereHepaTuBHOW MeaunuHbl. [logoOHO 3MOproHambHBIM CTBONOBBIM KieTkam (DCK), ullCK
CITOCOOHBI K HEOTPaHMYEHHOMY CaMONOIEPKaHUI0 W ANQQEepeHINpOBKE BO BCE THIBI KIETOK
B3pocioro opranuzma. Hecmorpsi Ha mporpecc, 3¢pdextuBHOCTh monmyueHus W kadecTBo HIICK
OCTafOTCSl HEOCTATOYHBIMH, B TOM UHCJIE M3-3a MHOTO(AKTOPHOCTH TIporecca. MoseKyssipHbIe
MEXaHU3MBbI HHAYKIHH TUTIOPUIIOTCHTHOCTH TaK)Ke U3yUCHBI HE TTOJTHOCTHIO.
VYounksutnn-nporeacomnast cucrema (YIIC) nerpaganmm OelkoB HWIpaeT KIFOYEBYIO POJb
B umopunoteHtHocTH u  aup¢epennupoke OCK wu ullCK, obecneunBas mopaepskaHue
mporeoctasa. [Ipn M3MeHeHHM yCIOBHI cpenpl (CTpecc, BOCHAJICHHE, BHPYCHass WH(EKIHS) WIH
BO BpEMS NPOTPaMMHBIX MEPECTPOEK KIECTKU (permporpaMMHpoBaHue, TU(QEpECHIIMPOBKA) COCTAB
MIPOTEACOMHBIX MOXKET MEHAThCA. B psme ciyyaeB KaTaquTHYecKne CyObEIMHHUIIBI MPOTEAcOM
3aMeInarTcs HHAYIHOenpHbpIMH aHagoramu (Lmp2, Lmp7, Mecl-1), opmupyst uMmMmyHOIIpoTCacomy.
XoTsl OHa M3HAYaJILHO OblIa ONMHMCaHa KaK KOMIIOHEHT MMMYHHOW CHCTEMBI, BCE OOJbIIE JAHHBIX
yKa3blBaeT Ha €€ ydyacTHE B peryisiuuu KieTouHblx cocrosHuil. Hampumep, B OCK uenoseka
BBISIBJICHA BBICOKAs 3KCIPECCHsl MMMYHOCYOBSIMHNII, CHIKAIoIasicss npu auddepeHnnpoBke, 9To
MpEAIoIaraeT UX Posib B MOACPKAHUH IITIOPUIIOTEHTHOCTH.

B HameM wucclenoBaHHM II0Ka3aHO, YTO AaKTUBHOCTb MMMYHONPOTEACOMBl KpPUTHYHA JUIs
penporpaMMupoBaHusl AMOpHOHANBHBIX  (pubpobmactoB Memm B uIICK.  3aduxcuposano
TIOBBIIICHHE SKCTIPECCHN MMMYHOCYOBEIMHHUI Ha PaHHUX 3Tanax npouecca. IHrnonposanne oormeit
MPOTEACOMHONM aKTUBHOCTH MJIM CEJNICKTMBHOW aKTHBHOCTH HMMYHOIIPOTEACOMBI B 3TOT HEPHON
3HaYUTEIBHO yMeHbINano uucio chopmuposannsix kosonuid ulICK. ['eneTnueckas MHaKTHBAIUS
UMMYHOCYOBCTUHUIBI Lmp7 Tarxke pe3ko cHMkaima 3(Pp(EeKTHBHOCTH PENporpaMMUpPOBAHUS, UTO
MOATBEPKAAET KIFOYEBYIO POIb UIMMYHOIPOTEACOMBI.

Qunancuposanue: VlccrenoBaHue TMOAACPKAHO TPAaHTOM MUHHCTEPCTBA HAyKM M BBICIIETO
obpazoBanus Poccuiickoit ®enepannu (Conmamenne Ne 075-15-2025-482 ot 29-05-2025).
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NKG2D-MICA axis plays the pivotal role in NK-cell response
to autologous fibroblast-like iPSC derivatives
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Krnerounas Ttepanus Ha ocHoBe ayTonoruyHbix npousBogHbix MIICK B Teopuu He mpeamnonaraer
UCTIONB30BAHUS ~ MMMYHOCYIPECCUBHBIX ~ IIPEMaparoB, OJHAKO HMMYHOTCHHBIC  CBOICTBa
muddepennmpoBannabx nponsBoaHbix MIICK ocrarorcs He 10 KoHIA M3ydeHHBIMH. Panee Obuto
nokasaso, yTo pudpodmacronomobusie mpousBoaHbie UTICK (iPS-fibro) BEI3BIBAIOT TUTOTOKCHYECKUN
OTBET ayTOJNIOTHYHbIX NK-KJIeTOK BceIcTBIE OHM)KEHHON SKCIPECCUH MHTHOUPYIOLIUX JIUTaH0B,
npexae Bcero HLA kiacca I, ¥ OBBIIIIEHHOH 3KCIIPECCUM aKTUBUPYIOLIMX JIUraH10B, Bkiatouass MICA
(B3anmmopeiictBytromnyto ¢ NK-xierounsim perientopom NKG2D), PVR u NECTIN2 (yaranasr s
NK-xnerounoro perientopa DNAM-1). Hacrosiee ucciaenoBaHne MOCBAIIEHO ONPEACICHHUIO BKIaIa
KaXX0T0 U3 aKTUBUPYIOIIMX JUTaHA0B B akTUBaLuio NK-KIeToK.

C nomomsto CRISPR/Cas9-penaktupoBanus 6but co3nansl iPS-fibro ¢ Hokaytom NECTIN2, PVR
nmu MICA ¢ mocnenyroniei OMeHKONH MUTOTOKCHYeckoro orBeta NK-KIETOK Mo Jerpanysisiuy,
OIIpeseNsIeMOH 110 YPOBHIO 3KcIIpeccuu Mapkepa aerpanymnsaunu CD107a.

B Xo1e IMMyHHBIX TE€CTOB OBLTO TIOKa3aHO, uTo OokupoBanue pernentopa DNAM-1 Ha moBepxHOCTH
NK-keTox He oka3ano CyIIECTBEHHOTO BIUSHHS Ha IUTOTOKcHYeckui orBeT NK-xierok Ha iPS-
fibro. Hoxayt PVR nMen noHOp-crielU()UIHBIN XapaKTep, U IOATOMY TaKasi CTPATersl He MOXKET OBITh
UCIOJIb30BaHa JJIsl CO3JaHMs TMIIOMMMYHOI€HHBIX KieToK. MHTepecHo, uto orcyrcTBue NECTIN2
MTOBBIIIAI0 UMMYHOTEHHOCTE iPS-fibro, 4rto ykas3piBaeT Ha BOZMOKHYIO HHTHOUPYIOUIYIO (DYHKITHIO
NECTIN2 uepes B3aumozeiictsue ¢ NK-kinerounsivu peuentopamu TIGIT wiu PVRIG.

Hamporus, uarnbuposanne perienropa NKG2D na noBepxaoctr NK-KIETOK 3HAYUTEIIBEHO CHIKAIIO
UX JeTpaHyssIIuIo B 0TBeT Ha iPS-fibro naske mpu orcyTcTBru Ha moBepxHocTH iPS-fibro HLA kmacca I,
KOTOpBIE OTHOCSTCS K HHTHOUpyo1uM jurannam. Kpome toro, Hokayt MICA — BaxXHEHIIEro JUrasia
NKG2D — ymenbman UMMyHOTeHHOCTb 1PS-fibro o ypoBHS HaTUBHBIX (PHOPOOIACTOB KOXKH.

Takum 00pa3oM, akTHBANWs AyTOJOTHYHBIX M aywioreHHBIX NK-kimetok B oTBeT Ha muddepeHim-
posannble npoussogubsie UIICK onocpenosana ocsto NKG2D-MICA.

Qunancuposanue: ViccnenoBanue nogaepkaHo rocyaapcTBeHHbIM 3aianueM «OpraHous cepaua 25-
27»,125030703325-7.
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A novel role of the CNTN6 gene in early human cortical development
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[Taronorum pa3BUTHS TOJIOBHOTO MO3Tra MPEACTABIAIOT COO0I reTeporeHHyo rpymiy 3a0oneBaHun
C BBIP2)KCHHBIM TCHETHUCCKUM KOMIIOHCHTOM, BKIIFOUAs] HAPYIICHHS, 0OYCIOBICHHBIC BapHAIIMSIMU
yuca korui (CNV). OnHuM U3 reHOB, BOBJIICUCHHBIX B JIAHHBIC MATONOTHH, siBsieTcst CNTNG6, CNV B
00I1acTH KOTOPOTO aCCONUUPOBAHBI C YMCTBEHHOH OTCTAIOCTHIO U PACCTPOICTBAMH ayTHCTHYECKOTO
cnekrpa. OJHaKO KJIETOUHBIE U MOJIEKYJISIpHbIE MeXaHU3Mbl AelicTBUsL CNTNG6 B pa3BUTUU FOJIOBHOTO
MO3ra 4eJoBeKa OCTAIOTCSA MPAKTHYECKH HEM3YUYEHHBIMM, YTO B 3HAYMTENbHOM CTENEHU CBSI3aHO
C OrpaHMYCHHONH HPUMECHHUMOCTBIO KUBOTHBIX Mopeiei. B maHHON paboTe ¢ HCIOIB30BaHHEM
TEXHOJIOTHH TiepedpanbHbIX opranonoB 1 CRISPR/Cas9-penaktupoBaHus reHOMa MBI HCCIIEIOBAIN
¢yukin nokyca CNTN6 Ha paHHUX CTaANAX KOPTHKOTEHE3a YEIOBEKA. YCTAHOBIEHO, uTo CNTNG
JIOKYC pETynupyeT MOp(OTreHe3 1 OIPeIeIICHIE CYAbOBI KIIETOK paTuaabHOM TIHHU U X PO (eparturo,
peanmusyst naHHble 3((EKTh MPEUMYIIECTBEHHO uepe3 CUTHambHBIA myTh Notch. Tak ke MbI
oboHapyxmiti, 9uTo CNTN6 ydacTByeT B sIICPHO-IIMTOIIA3MATHUCCKOW TpaHCIoKauu oenka PAX6,
OJTHOTO U3 KJIIOYEBBIX PETyISITOPOB PA3BUTHUS KOPTEKCa. JIOMOTHUTEIBHO, HAIIIK JAaHHBIC YKa3bIBAIOT,
YTO DBOJIONMOHHO ycKopeHHBIe pernoHsl — HAR (human accelerated regions), JTokann30BaHHEIC B
nokyce CNTN6, MOTYT BHOCHTD JIOTIOTHUTEIHHBIN BKJIAl B CIICIIU(PHUSCKYI0 aKTHBHOCTh 3TOTO I'eHa
B paHHEM HEWpOpa3BUTHU YEJIOBEKA.

Qunancuposanue: Pabota BbINMOTHEHA NpH mHojepxkke Poccuiickoro donga (yHIaMEHTAIBHBIX
uccnenosanuit (Ne 19-29-04067), Poccutickoro Hayunoro ponaa (mpoekt Ne24-24-00447) https://rscf.
ru/project/24-24-00447/.
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Flow cytometry as a tool for extracellular vesicles phenotyping
in immune diseases
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The aim of this study was to analyze extracellular vesicles (EVs) of blood plasma using high-
sensitivity flow cytometry in patients with COVID-19 (15 patients), axial spondylitis (41), and after
heart transplantation (23 with and 20 without acute rejection), to evaluate the diagnostic significance
of the method. In patients with acute COVID-19, there was a significant increase in the levels of EVs
expressing CD63+ (288 (220; 393) events/pL) and CD294+ (154 (113; 199) events/uL) compared to
healthy donors (HD) (60 (55; 81) and 54 (37; 75) events/uL, respectively, p < 0.01), and a decrease
in EVs expressing HLA-DR+ (74 (140; 328)) and CD45+ (96 (78; 111)) compared to HD (662 (444;
1084) and 560 (204; 1476) events/uL, respectively, p < 0.01). For axial spondylitis, there was a
significant increase in the levels of CD3+ and CD19+ EVs compared to HD (282 events/uL (197,
1210) vs. 39 events/uL (31.75; 69.25) and 177 events/uL (55; 420) vs. 13 events/uL (4.750; 26.50),
respectively, p < 0.0001). Additionally, there was an increase in EVs expressing HLA-A, B, C and
HLA-DR in patients compared to the HD (4088 events/uL (1937; 11810) vs. 2340 events/pL (1820;
3708), p = 0.0301 and 4799 events/uL (1763; 20420) vs. 827 events/uL (265.3; 2721), p = 0.002,
respectively). Patients with acute rejection after heart transplantation revealed a significant decrease (p
=0.009) in CD90+ EVs 3.4 (0.5; 181.1) vs. 2017.5 (8.0; 14225) and in CD81+ EVs 100 (40; 170) vs.
240 (75; 660) events/mL. These findings suggest that the analysis of extracellular vesicles using flow
cytometry can provide valuable insights into different pathological conditions, potentially serving as
diagnostic markers for immune-related diseases.

Funding: This work was supported by the Russian Science Foundation (project No. 24-15-20016,
https://rscf.ru/project/24-15-20016/) and was supported by the Saint-Petersburg Science Foundation
(project No. 24-15-20016).
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Human pluripotent stem cell (hPSC) lines bearing two X chromosomes maintain them in a heterogeneous
epigenetic state. Primed hPSCs mirroring late post-implantation epiblast at gastrulation onset display
one active (Xa) and one inactive (Xi) X chromosomes. However, Xi often became partially re-activated,
showing what is termed an ‘eroded state’ (Xe) that invariably passes on to differentiation derivatives,
causing a deleterious imbalance in gene dosage. Naive hPSCs reflecting early pre-implantation
epiblast show two Xa, while previous Xi or Xe is not complete reactivated chromatin and remembers it
was inactive. Differentiation of naive hPSCs results in skewed X chromosome inactivation favouring
the former Xi. Furthermore, not all naive media permit X chromosome inactivation after hPSC
differentiation. Therefore, strategies are needed to control the X chromosome epigenetic states to
ensure that naive and primed hPSCs have no limitations for biomedical applications.

In this study, we found that the SRC kinase inhibitor (SRCi) is essential for competence to restart X
chromosome inactivation (XCI). SRCi is a key component in the media that enables naive hPSCs
to regain its ability to undergo biased XCI upon differentiation. Furthermore, we demonstrated that
SRCi can trigger XCI in primed hPSC lines, restoring the normal Xi state. Interestingly, in this case,
XClI restarts via a transient stage when inactive markers are appeared on both X chromosomes. We
speculate that the reason for skewed XCI is that the X chromosomes in naive hPSCs do not become
epigenetically equivalent. Indeed, we found that naive hPSCs with epigenetically equivalent X
chromosomes can trigger random XCI during differentiation. Moreover, we demonstrated that the
capacity to reproduce random XClI is restored when naive hPSCs are shifted to the totipotent state.
This transition presumably erases the epigenetic memory of the former Xi and reestablishes the ability
to implement the mechanisms of counting and random X-chromosome choice upon XCI during
differentiation. Overall, we have developed several approaches to regulate the epigenetic state of the
X chromosome in both naive and primed hPSCs. These approaches will contribute to the stability of
hPSC lines and their differentiated derivatives, providing reliable results for biomedical research and
paving the way for hPSC use in regenerative medicine.

Funding: The work was supported by the State project of the Institute of Cytology and Genetics,
FWNR-2022-0015.
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as potential biomarkers of lung cancer
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Lung cancer is the most common form of malignant neoplasia. According to the Institute of Oncology
and Radiology, lung cancer in the Republic of Kazakhstan ranks second and accounts for 11.1% of
all cases in the structure of oncological diseases. The search for biomarkers that can become highly
sensitive and specific molecular markers for the early diagnosis of this pathology remains in great
demand. Lung cancer is a multifactorial disease based not only on genetic factors, but also on
environmental factors. The International Agency for Research on Cancer has identified exposure to
radon and asbestos as major carcinogenic risk factors for lung cancer. It has been shown that radon
can induce specific genetic and epigenetic changes in lung tissue, leading to aberrant function of
oncogenes and tumor suppressor genes.

Inrecent years, in the laboratory of molecular genetics of the Institute of Cell Biology and Biotechnology
of L.N. Gumilyov Eurasian National University, research has been actively carried out to study the
role of miRNA and free-circulating mitochondrial DNA (cf-mitDNA) as biomarkers for non-invasive
diagnosis of lung cancer.

The epigenetic basis of lung cancer is primarily associated with changes in miRNAs profiles. We
examined the expression level of miR-19b-3p and hsa-miR-125b-5p in patients diagnosed with lung
cancer. Overexpression of miR-19b-3p was revealed in malignant lung tumors. The expression profile
was also significantly changed of the exosomal fraction hsa-miR-125b-5p and hsa-miR-320c in the
blood plasma of people exposed to high doses of radon. In addition, a dose-dependent effect of radon
on the expression of these miRNAs was found. On the lung fibroblast cell line MRCS5, a change
in the expression profile of 6 types of microRNAs under the influence of chrysotile asbestos was
shown: hsa-miR-19b-3p, hsa-miR-125b-5p, hsa-miR-181b-5p, hsa-miR-376b-3p, hsa-miR-1202 and
hsa-miR-122.

Our studies have demonstrated that cf-mtDNA may be another promising biomarker of changes in
lung tissue under the influence of carcinogenic factors. In individuals living in areas with elevated
radon levels, this indicator was significantly higher not only in comparison with the control group, but
also in comparison with patients with lung cancer not caused by radon. It has also been shown to be a
sensitive and specific biomarker for radon-induced lung cancer.

One of the main damaging mechanisms of asbestos is the induction of oxidative cellular stress and its
genotoxic effect due to an increase in ROS content. The result is damage to cellular components and
DNA. We found a dose-dependent increase in ROS level in a MRCS5 cell line exposed to asbestos.
Chrysotile asbestos shows a dose- and time-dependent cytotoxic effect on lung fibroblasts. Lung
cancer’s molecular basis involves accumulating genetic and epigenetic changes, weakening DNA
structure and increasing mutation susceptibility. Exposure to both radon and asbestos has been shown
to increase the levels of pro-inflammatory cytokines. Our studies suggest that radon and asbestos alter
miRNAs expression, leading to bronchial epithelial cell death and the release of cf-mtDNA. This
activates the NF-kB pathway, triggering inflammation, a key factor in oncogenesis. Mitochondria
play a central role in malignant transformation, including lung cancer. These findings highlight the
potential of miRNAs and cf-mtDNA as biomarkers for non-invasive lung cancer diagnosis, disease
prognosis, and indicators of environmental risk factors for lung malignancies.
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Efficient genome editing using AsCas12a-VLPs
produced with Pol lI-transcribed crRNA
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HIV- and MMLV-based virus-like particles (VLPs) are a promising delivery vehicle for CRISPR/Cas
gene editing tools in the form of ribonucleoprotein (RNP) complexes of Cas nuclease and guide RNA
(gRNA). VLPs combine the advantages of viral transduction and gene editing with RNP, can target
specific cell populations due to pseudotyping and are potentially applicable in vivo. In most VLP
systems RNP complexes are incorporated via the fusion or induced interaction of nucleases with Gag,
whereas gRNA is packaged only as a complex with the nuclease. VLPs assemble in the cytoplasm,
but gRNA is mostly expressed from the RNA polymerase III (Pol III)-transcribed U6 promoter and
enriched in the nucleus, which hinders its packaging and reduces VLP editing efficiency.

As an approach to overcome this problem, we replaced SpCas9, which had been used in all previous
VLP systems, by AsCas12a which can excise mature crRNA from a pre-crRNA transcript. Using the
nuclease packaging mechanism of NanoMEDIC VLPs, we produced VLPs with AsCas12a and crRNA
expressed from the Pol II-dependent CMV promoter. crRNA was directed into the cytoplasm as part
of'a Pol II-driven transcript and excised by AsCas12a followed by RNP formation and packaging into
VLPs. The CMV-driven crRNA increased the knockout levels of transgenes in 293 cells from 30%
to 50-90% and raised the level of endogenous CXCR4 knockout in Jurkat T cells from 1% to 20%.
Replacing a single crRNA with an array of three or six identical crRNAs improved CXCR4 knockout
rates by up to 60—70%. The RT-qPCR method that we developed for the quantification of crRNA
confirmed increased crRNA levels in VLP samples with six ctRNA copies. Pseudotyping AsCas12a-
VLPs with a combination of VSVG and BaEVRless further improved editing efficiency by enhancing
transduction levels. As a result of all modifications, CXCR4 knockout levels in Jurkat T cells increased
from the background levels to 80%. This effect was observed not only for NanoMEDIC VLPs but also
for AsCas12a-containing eVLPs and Cas-VLPs based on another packaging mechanism. Regardless of
promoter usage, the editing efficiencies of AsCas12a-VLPs were always higher compared to SpCas9-
VLPs. AsCas12a-VLPs mediated the knock-in of the HIV fusion inhibitor MT-C34 into the CXCR4
locus, achieving 60% knock-in levels with an AAV6 donor. Collectively, we proposed a method to
improve VLP editing efficiency using AsCasl2a with its pre-ctrRNA processing activity and Pol II-
driven crRNA.

Funding: The study is supported by the Russian Science Foundation, grant No. 22-15-00381-P.

71



doi 10.18699/CRISPR-2025-72

Leveraging CRISPR-Cas9 for neurodegenerative disease research
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The development of CRISPR-Cas9 gene editing and induced pluripotent stem cell (iPSC) technology
have revolutionized the investigation of neurodegenerative disease. Our research leverages these
advancements to investigate human microglia biology and develop novel therapeutic strategies. As
the innate immune cell of the brain, microglia are highly implicated across several neurodegenerative
disorders like Alzheimer’s Disease (AD). In our lab, we have utilized CRISPR-editing to investigate
the impact of AD-variants like the PLCG2 P522R mutation on iPSC-derived microglia in chimeric
animal models. Second, we have deployed genetic-correction of pathogenic mutations to examine
the therapeutic potential for microglia transplantation for the treatment of primary microgliopathies
like CSF1R-related leukoencephalopathy. Lastly, we recently harnessed CRISPR-editing to engineer
iPSC-microglia as “living drugs” capable of delivering disease-modifying payloads from within the
CNS. Collectively, these studies highlight the transformative power of CRISPR-Cas9 gene editing
as both a fundamental research tool and a platform for creating next-generation treatments for
neurodegenerative disease.

Funding: This study is supported by NIA T32 AG073088 and NIA T32 AG00096 (both JP.C.); NIH
AG061895 (H.D.); NIH AG048099, NIH AG055524, NIH AG056303, NIH U19 AG06970101, CIRM
RT3-07893, and the Cure Alzheimer’s Fund (M.B.].). iPSC lines were generated by the UCI-ADRC
iPS cell core funded by NIH AG016573.
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Bacterial luciferases are homologous enzymes that catalyze the light-emitting reaction, using myristyl
aldehyde as one of the substrates. Other saturated aldehydes (C8-C16) can also participate in the
reaction in vitro. Despite the high structural similarity among luciferases from different bacterial
species, the reaction kinetics and light intensity vary with enzyme origin and aldehyde chain length.
Although previous studies have characterized hydrocarbon tail interactions in the active center of
Vibrio harveyi luciferase [1], the structural details of the aldehyde binding site for other species remain
unclear.

Considering the divergence of bacterial luciferases into two structural groups, this study aimed to
characterize their aldehyde interactions through molecular docking. Structural findings were integrated
with evolutionary selection analysis and validated against experimental data on luciferase affinity for
aldehydes of varying chain lengths.

Molecular docking was performed in AutoDock Vina. Two representative luciferases from distinct
structural groups were selected: (1) V. harveyi luciferase (PDB ID: 3FGC) and (2) a model of
Photobacterium leiognathi luciferase. Both protein structures contained the C4a-hydroperoxyflavin,
relative to which the docking search space was defined. 28 luciferase sequences from the NCBI
database were analyzed for dN/dS ratio using a sliding window approach in DnaSP. Bioluminescence
kinetics were measured using stopped-flow technique with SX-20 analyzer (Applied Photophysics).
Molecular docking revealed mostly similar binding modes for the two studied luciferases, with
the exception of a buried region containing Phe8 in P. leiognathi. dN/dS analysis identified strong
purifying selection in regions encoding the active center. In contrast, the predicted aldehyde binding
cavity showed positive selection at residues related to regions 6—8 and 191-195 of the amino acid
sequence. The kinetics of bioluminescence were consistent with docking results: the affinity for
aldehydes decreased with chain lengths shorter than tetradecanal.

Funding: The study is supported the grant of Russian Science Foundation, No. 25-24-00617,
http://rscf.ru:443/prjcard/?rid=25-24-00617.
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1. Brodl E., Ivkovic J., Tabib C.R. et al. Synthesis of o, B-unsaturated aldehydes as potential substrates for
bacterial luciferases. Bioorg Med Chem. 2017;25(4):1487-1495
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Wnt/B-catenin activation attenuates osteogenic differentiation
and inflammation in female aortic valve interstitial cells
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Calcific aortic valve disease (CAVD) is characterized by progressive fibro-calcific remodeling of
the aortic valve, driven in part by osteogenic differentiation of human aortic valve interstitial cells
(HAVICs). Clinically, men tend to exhibit greater calcification burden, while women display more
fibrosis, yet the molecular mechanisms underlying these sex-specific differences remain unclear. We
analyzed clinical, transcriptomic, and proteomic data from patients with aortic stenosis to dissect sex-
specific mechanisms of calcification. Calcification severity and activity were assessed using Agatston
scores, '®F-NaF PET/CT, and echocardiography. HAVICs were isolated from male and female patients
and subjected to osteogenic differentiation in vitro. Bulk RNA sequencing and LC-MS/MS proteomics
were performed. Gene set enrichment and differential expression analyses identified sex-specific
regulatory pathways. Clinically, men had significantly higher aortic valve calcium scores and '"*F-NaF
uptake, whereas in women, '*F-NaF uptake correlated with OPG/sRANKL ratios. In vitro, female
HAVICs showed higher osteogenic calcification than male cells. Both sexes shared enrichment in
canonical osteogenic pathways (Wnt, PI3K-Akt, ECM-receptor interaction), but female HAVICs also
upregulated angiogenic and hormone response pathways. DKK1 — a Wnt pathway inhibitor — was
significantly upregulated in female cells, suggesting suppression of this pathway during differentiation.
To explore the role of Wnt signaling, B-catenin was overexpressed in HAVICs from female donors.
Activation of Wnt/B-catenin in female HAVICs reduced calcification (Alizarin Red), osteogenic
marker expression, and caspase-1 activity. This study reveals sex-specific molecular programs in
HAVIC calcification, with Wnt inhibition potentially shaping the female phenotype, and highlights
Wnt/B-catenin as a target for sex-specific CAVD therapies.

Funding: Supported by the Ministry of Science and Higher Education of the Russian Federation
(Agreement No. 075-15-2022-301, 20.04.2022). HPLC-MS/MS was performed at the Resource Centre
for Molecular and Cell Technologies, St. Petersburg State University.
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DNA repair is an important mechanism for maintaining genome integrity. The main methods of
treating cancer, chemo- and radiotherapy, are based, among other things, on DNA damage. To date,
many studies are aimed at finding inhibitors of DNA repair enzymes. Using the CRISPR method,
we obtained cell clones of the HEK293 and A549 lines with deletions in the genes of enzymes
participating in the DNA repair system, including knockout of 7TDPI (tyrosyl-DNA phosphodiesterase
1) and PARPI (poly-ADP-ribose polymerase 1). We use the obtained cell clones with DNA repair
genes knockout as a cell model to study the role of these enzymes in DNA repair process and in the
response to chemotherapy, as well as the mechanisms of action of anti-cancer therapy using inhibitors
of these enzymes.

PARP1 is an enzyme that controls many cellular processes via PARylation, including repair of the
topoisomerase 1 complex with DNA (TOP1-DNA) by TDP1. TDP1 removes covalent adducts from the
3’ ends of DNA formed under the action of antitumor drugs that inhibit TOP1. The antitumor activity
of the drugs topotecan and irinotecan is based on the ability to inhibit the TOP1 enzyme, stabilizing
TOP1-DNA complexes that leads to the accumulation of DNA breaks and the death of tumor cells.
The ability of TDP1 to hydrolyze TOP1-DNA complexes leads to a decrease in the therapeutic effect
of TOP1 inhibitors, so the study of potential TDP1 inhibitors is a promising strategy for searching for
new anticancer drugs.

We performed transcriptomic analysis of human embryonic kidney cell lines HEK293A for wild
type and TDP1 or PARP1 knockout, treated with topotecan and the effective TDP1 inhibitor that we
found earlier. Maximal changes in gene expression levels were found with knockout of the PARPI
gene compared to TDP1. The largest number of differentially expressed genes (DEGs) in PARPI
knockout are associated with DNA repair, ribosome biogenesis, transcription and cancer development,
proteasome, apoptosis, cell cycle control and protein processing. Several hundred DEGs in signaling
pathways associated with protein processing, apoptosis, cell cycle control, and proliferation were
found in TDP1 knockout or drug-treated cell clones. A number of DEGs were found among metastasis-
related genes common to 7DP] knockout and TDP1 inhibitor treatment.

Funding: The work was supported by Russian Science Foundation, No. 25-74-30006.
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Genome engineering technologies, including CRISPR-Cas9, ZFNs, and TALENSs, enable a wide
spectrum of fundamental and translational research, ranging from precise dissection of chromatin
architecture and dynamics to therapeutic correction of disease-causing mutations. We demonstrate
allele-selective transcriptional repression of mutant 77 in Huntington’s disease using engineered
zinc finger repressors fused to Kriippel-associated box (KRAB) domains, achieving >70% reduction
of pathogenic protein aggregates in patient-derived neuronal models while preserving wild-type allele
expression. In cystic fibrosis, ZFN-mediated correction of the CFTR AF508 mutation in induced
pluripotent stem cells (iPSCs) restored chloride channel function to near-wild-type levels, with
electrophysiological confirmation in differentiated airway organoids showing sustained rescue. For
cancer immunotherapy, ZFN-based targeted disruption of PD-1 via homology-directed repair in tumor-
infiltrating lymphocytes enhanced cytotoxic T-cell activity and memory formation, driving complete
tumor regression in metastatic melanoma PDX models. Similarly, /L2RG correction in hematopoietic
stem/progenitor cells achieved multilineage engraftment and restored NK-cell cytotoxicity in SCID-X1
xenotransplant systems. Our recent work established clonally verified CRISPR-engineered reporter
cell lines through site-specific integration into genomically stable safe harbor loci (A4VS1, ROSA26).
We investigating whether this targeted approach improves signal consistency compared to random
integration and enables superior longitudinal monitoring of TGF-f signaling dynamics. Our long-time
goal is to bridge chromatin-scale mechanistic insights to clinical translation, using genome editing’s
dual utility as a versatile discovery platform and transformative therapeutic modality for precision
medicine.

Funding: This work was supported by the grant of the state program of the «Sirius» Federal Territory
«Scientific and technological development of the «Sirius» Federal Territory» (Agreement Ne 22-03 date
27.09.2024).
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Chromothripsis is a catastrophic genomic event involving massive chromosomal rearrangements, often

linked to poor prognosis in cancer [1]. Detecting such events is clinically valuable, but current methods

are either manual or data-specific [2, 3]. We aimed to develop predictive models for chromothripsis

using classical machine learning and deep learning. Data from ChromothripsisDB yielded 19713

events after preprocessing [4].

Classical methods used aggregated features of structural variations. Logistic regression, SVM, random

forest, and XGBoost were tested. SMOTE and class weighting addressed class imbalance (11.4%

positive cases). XGBoost performed best (ROC AUC 0.93, PR AUC 0.78).

Deep learning employed a BiLSTM with attention, trained on sequences of 200 SV events, each

described by 10 features [5]. Weighted sampling and combined Focal + F1 loss addressed imbalance.

10-fold stratified cross-validation showed BiLSTM outperformed classical models (ROC AUC 0.95,

PR AUC 0.94).

These results confirm that deep learning models are more effective at capturing complex spatial and

contextual patterns in structural variation data compared to aggregated feature-based methods. The

proposed approach demonstrates strong potential for developing accurate and automated diagnostic

tools for genome instability in cancer.
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Improving the adaptability of high-yielding wheat cultivars is a key strategy for advancing sustainable
crop production. One effective approach is to shorten the growth cycle, as early-flowering varieties
typically exhibit higher daily productivity than medium- or late-flowering counterparts. Therefore,
tuning heading time is a critical breeding objective.

In this study, we focused on the elite spring wheat line Velut, which combines high yield potential,
disease resistance, and strong regenerative capacity. However, its late heading limits its adaptability
to the agroclimatic conditions of the Urals and Western Siberia — major regions for spring wheat
cultivation in Russia.

Using CRISPR/Cas9-mediated genome editing, we introduced targeted mutations into the promoter
regions of PPD-1 genes. A total of 46 TO plants carrying diverse promoter variants were obtained.
Phenotypic evaluation of T1 progeny revealed a significant reduction in heading time compared to
wild-type Velut. The advancement ranged from 2.1 to 5.4 days. Seven mutant lines with distinct
promoter deletions were selected and advanced to the T2 generation, where stable homozygous
mutations were confirmed in the absence of vector. These plants were used to confirm the effect of the
introduced mutations on phenotype.

Targeted deletions within the promoter region encompassed binding sites of the transcriptional
repressor CHE. Plants with such mutations exhibited accelerated heading. Diurnal expression profiling
demonstrated altered PPD-1 transcriptional rhythms in the edited lines, consistent with the loss of
repressor binding. Moreover, differential expression patterns among the edited lines suggest that
additional regulatory elements or transcription factors may contribute to PPD-1 regulation.

As a result, we generated a set of wheat lines harboring defined promoter mutations in Ppd-B1 and
Ppd-D1. These lines represent valuable genetic material for dissecting the cis-regulatory architecture
of photoperiod response genes and for developing early-flowering, climate-adapted wheat cultivars.
Funding: The study is supported by the RSCF No. 21-76-30003-I1, https://www.rscf.ru/
project/21-76-30003/.
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Glioblastoma (GBM) is a brain tumor characterized by aggressiveness and tolerance to therapy, largely
due to increased resistance to oxidative stress. Auranofin, an inhibitor of the thioredoxin reductase
antioxidant system, is highly toxic to GBM cells and is a promising drug for therapy. However, we
have previously shown that GBM cells are heterogeneous in their sensitivity to auranofin. The aim of
this work was to study the mechanisms of resistance to auranofin in GBM cells using genome-wide
CRISPR screening.

For the study, we used 2 cultures of stem-like GBM cells obtained from postoperative patients’
material earlier; the cultures differed in their resistance to auranofin. For CRISPR screening, the cells
were transduced with viral particles carrying the Toronto KnockOut CRISPR Library V3 [1]. After
puromycin selection, the cells were divided into 2 parts, to the first part auranofin was added at an
inhibitory concentration of 1C20 for negative selection to determine the genes of resistance to the
drug, or auranofin at a concentration of IC90 for positive selection to search for genes of sensitivity
to the drug, to the second part (control) the appropriate amount of DMSO was added. The cells were
cultured in the presence of the drug, then the genomic DNA isolated from the cells was sequenced.
Then bioinformatics data processing was performed.

As aresult, a number of genes were identified, the knockout of which led to sensitization to auranofin,
including genes encoding components of antioxidant systems, proteins of transport and detoxification
of xenobiotics, proteins of cellular signaling, components of mitochondria, proteins of repair,
replication, splicing, autophagy.

Identification of the mechanisms of cell resistance to auranofin will allow developing approaches to
overcome it. The results of the study may also be useful for understanding the mechanisms of tumor
resistance to redox therapeutic drugs and chemotherapy in general.

References
1. HartT, Tong A.H.Y., Chan K. et al. Evaluation and Design of Genome-Wide CRISPR/SpCas9 Knockout Screens.
G3 (Bethesda). 2017;7(8):2719-2727

79



doi 10.18699/CRISPR-2025-80

Can ZEB1 be a prognostic factor for uveal melanoma?

O.A. Koval'*, M.V. Zhilnikova!, S.P. Zvereva!, M.M. Biryukov', M.N. Balantaeva', D.V. Chernih" 2,

O.M. Stanishevskaya' 2, V.V. Atamanov"?

! Institute of Chemical Biology and Fundamental Medicine, SB RAS, Novosibirsk, Russia

2The S. Fedorov Eye Microsurgery Federal State Institution, the Novosibirsk Branch, Novosibirsk, Russia
* 0.koval@niboch.nsc.ru

Key words: uveal melanoma; ZEB1; VEGF-A

Melanoma is a heterogeneous disease that includes tumors of various localizations. Uveal melanoma
(UM) is the most prevalent primary ocular cancer, representing 5% of all melanomas. UM and
cutaneous melanoma (CM) have the same melanocytic origin, however genetic and molecular changes
in cancer are different for the uveal melanocytes and skin melanocytes, as well as spread of metastases.
Thus, targeted drugs for the treatment of CM are usually ineffective for UM. This is primarily due to
the fact the eye is an immunologically privileged organ, and it fails to achieve efficacy of immune
checkpoint inhibitors (ICIs) comparable to that for CM. Moreover, there is a poor understanding of the
role of epithelial-to-mesenchymal transition (EMT) in UM progression. These features of UM bring it
closer to brain tumors, as well as low sensitivity to immunotherapy, and actualize the search for new
approaches to the treatment of the highly lethal metastatic form of UM.

Since hypoxia is a major stimulator of EMT, in this study we looked at the interaction of the hypoxia-
related genes: ZEB1, VEGF-A and VEGFR, and metastatic potential of these UM cells in vivo. Eight
personal UM cell cultures previously obtained in the laboratory from tumor samples were used as
models. The transcriptional and translational response to hypoxia of the ZEB1, TWIST1, VEGF-A,
and FLT1 (VEGFR) genes was studied, as well as the effect of knockdown of these genes and targeted
VEGF-A inhibitor Eylea (Aflibercept) on cell viability. Eylea is a soluble decoy receptor, with
substantially higher affinity than conventional soluble VEGF receptors.

We showed that the ZEB1 response of UM cells to hypoxia is associated with basal ZEB1 levels, and
cells with ZEB1-/low phenotype have greater plasticity in response to hypoxia. Most lines with the
ZEB1- phenotype increased ZEB1 production in response to hypoxia, but there were lines in which
hypoxia did not change the ZEB1- phenotype. At the same time, cells with a high basal level of ZEB1
decreased the protein level in response to hypoxia. Another feature of the cell with ZEB1- phenotype
was the lack of the increase of VEGF-A synthesis in response to hypoxia, and which was observed for
cells with the ZEB1+ phenotype.

We suppose that better understanding of the relationship between ZEB1 and VEGF-A may bring new
approach for preventing metastasis of UM cells and help confirm ZEB1 as a prognostic marker.
Funding: The study is supported by the grant of the Russian Science Foundation No. 23-14-00285 and
was realized within Russian state-funded project for ICBFM SB RAS No. 121030200173-6.
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Zinc Finger Protein 536 (ZNF536), a brain-specific transcriptional repressor that negatively regulates
neuron differentiation by repressing retinoic acid-induced gene transcription. ZNF536 has been
recognized as a candidate schizophrenia (SZ) risk gene through GWAS. Multiple lines of genetic
evidence implicate ZNF536 in psychiatric disorders. Thus, genetic studies identified significant
enrichment of schizophrenia risk alleles within the ZNF536 locus. In addition, rare de novo protein-
truncating mutations in ZNF536 have been identified in probands with autism spectrum disorder.
However, the molecular mechanisms by which ZNF536 contributes to disease pathology remain
unknown. To investigate the role of ZNF536 more closely, we employed CRISPR/Cas9 genome editing
to generate two distinct ZNF536 knockout mutants in human neuroblastoma cell line Sh-SY5Y: a
homozygous knock-in (KI/KI) that disrupts protein function, and a compound heterozygous line (KI/
del) harboring a 103 kb deletion enriched with schizophrenia-associated intronic regions. As a result,
the ZNF536 mutant lines demonstrated impaired neuronal differentiation following treatment with
ATRA, with KI/KI cells having little neurite formation and Kl/del having intermediate phenotypes.
Transcriptome profiling revealed certain compensatory mechanisms during differentiation process: K1/
KlIcellsshowed Y'Y 1-regulated gene enrichment and dysregulation of chromatin organization pathways,
while Kl/del cells showed E2F4-mediated regulation and selective downregulation of schizophrenia-
associated synaptic genes. Retinoic acid response elements analysis showed bidirectional inverse
regulation in KI/KI cells, where upregulated genes normally became downregulated and vice versa.
The KlI/del model confirmed functional significance of intronic regulatory elements with a notable
downregulation of adjacent gene TSHZ3 and enrichment in psychiatric disorder-associated genes. To
sum up, our findings indicate that ZNF536 might be potential regulator of retinoic acid-responsive
gene networks and neuronal differentiation.

Funding: The study is supported by the Ministry of Science and Higher Education of the Russian
Federation (the Federal Scientific-technical program for genetic technologies development for 2019—
2030, agreement No. 075-15-2025-474 0f 29.05.2025).
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Poly(ADP-ribosyl)ation of proteins catalyzed by poly(ADP-ribose) polymerases (PARP), primarily
PARPI, regulates important cellular processes such as chromatin remodeling, replication, transcription,
and DNA repair in higher eukaryotes. Upon interaction with damaged DNA, PARP1 catalyzes the
synthesis of ADP-ribose polymer (PAR). PAR can be attached to acceptor proteins or to PARP1 itself.
This process leads to chromatin reorganization and the formation of functional protein complexes
providing DNA repair and, as a consequence, genome stability. Genome editing using CRISPR/Cas
technology results in changes of the DNA structure, which can be a signal for the recruitment of
PARPI. In our study, we did not find any effect of PARP1 and other DNA break repair proteins
on the interaction of CRISPR/Cas9 with target DNA and Cas9 activity [1], but PARP enzymes and
PARylation may contribute to the efficiency of genome editing by relaxing chromatin and/or forming
biocondensates with the participation of PAR [2]. PARylation catalyzed by PARP1, as well as PARP2,
is a key mechanism for regulating processes associated with the response to genotoxic stress and
maintaining genome stability, so the activity of these enzymes also needs to be regulated. Changes in
the expression level and activity of some representatives of the PARP family lead to the development
of severe human diseases [3]. Data on the role of RNA-binding proteins containing disordered
domains, as well as the histone PARylation factor HPF1 in the regulation of PARP1/2 activity will
be presented [4]. The strategy for creating PARP1/2 inhibitors that provide specific regulation of the
activity of these enzymes, as well as effective and at the same time less toxic therapy for onco- and
neurodegenerative diseases will be discussed.

Funding: The study is supported by RSF, No. 21-64-00017-I1.
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Fibrosis remains a significant medical challenge due to the lack of effective treatments. Macrophages
play a crucial role in the fibrotic processes and can modulate the activity of fibroblasts and
myofibroblasts, key cells in fibrosis [1]. However, the distinct pro- and anti-fibrotic macrophage
phenotypes and underlying mechanisms remain poorly understood.

Macrophages were differentiated from peripheral blood monocytes using M-CSF or GM-CSF.
Conditioned media of macrophages (M-CM or GM-CM, respectively) were evaluated for their effects
on 1) the lung fibroblast differentiation into myofibroblasts and 2) the myofibroblast de-differentiation.
3D cell cultures were used for (myo)fibroblasts. At the first stage, lung fibroblasts were exposed to
TGF-B-induced differentiation in the presence of macrophage CM. Key aspects of myofibroblast
activity were assessed: a) expression of myofibroblast markers (a-SMA, vimentin) (flow cytometry and
fluorescent imaging); b) collagen I secretion (ELISA); c) extracellular matrix contractility (collagen
gel contraction assay). At the second stage, lung fibroblasts were differentiated into myofibroblasts
by TGF-. Then, the myofibroblasts were cultured in the macrophage CM, and the above parameters
were assessed, as well as apoptosis of myofibroblasts (PI and 7-AAD expression).

M-CM significantly suppressed TGF-B-induced lung fibroblast differentiation, reducing a-SMA and
vimentin expression, collagen I secretion, and collagen gel contraction to baseline levels. Moreover,
M-CM did not prevent spontaneous de-differentiation of lung myofibroblasts with no significant
differences from control cultures. However, M-CM did not have a pro-apoptogenic effect on the lung
myofibroblasts. In contrast, GM-CM showed no comparable anti-fibrotic effects.

Therefore, the data obtained suggest that M-CSF-differentiated macrophages exhibit antifibrotic
potential, highlighting their potential therapeutic relevance. Further research is needed to identify the
specific mediators involved.

Acknowledgements: The authors thank the Institute for Regenerative Medicine, Medical Research and
Educational Centre, Lomonosov MSU, for kindly providing the fibroblast cell line.

Funding: This work was financed from the budget of RIFCI, No. 0415-2021-0002.
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CRISPR/Cas9-mediated genome editing has revolutionized the generation of animal models and cell
lines for biotechnology and fundamental research applications. However, the efficiency of knock-
in of large DNA fragments remains low, necessitating the development of alternative approaches.
These limitations can be overcome through the implementation of the Bxbl recombination system
in a combination with CRISPR/Cas technology. Bxbl1 is a site-specific serine integrase that catalyzes
recombination between DNA fragments bearing attP and attB recognition sites. Upon microinjection
into mouse zygotes, Bxbl demonstrates the capability to insert donor DNA fragments up to 43 kb in
length into pre-existing attB sites. These recent technological advances highlight the Bxb1 system as
an excellent tool for targeted genome modification.

The objective of this work was to exploit the Bxbl recombination system for efficient targeted
integration of large DNA cargos into the mammalian genome. We developed a reporter system in
HEK293T cells to evaluate the efficiency of Bxbl-mediated RMCE (recombinase-mediated cassette
exchange) using the insertion of an attB-flanked EGFP reporter into the genome. We engineered
Bxbl1 variants with increased activity by incorporating nuclear localization sequences (NLS) and
demonstrated that Bxbl containing four NLS sequences (two N-terminal and two C-terminal)
exhibited the highest activity compared to other variants. Surprisingly, the recently described 187L
point mutation enhanced the activity of Bxbl variants bearing either no NLS or two N-terminal NLS
sequences, but reduced the activity of Bxbl variants containing C-terminal NLS sequences. Using
CRISPR/Cas9-mediated knock-in into the 44V S safe harbor locus, we generated human lung cancer
cell lines NCI-H1299 and A549 containing LifeAct-mScarlet cDNA flanked by attP sites for Bxbl1-
mediated RMCE. Using an NCI-H1299 clonal cell line, we demonstrated the feasibility of Bxbl-
driven RMCE and generated a clonal cell line with doxycycline-inducible expression of oncogenic
RhoV GTPase, achieved through flow cytometry-based sorting of cells with completed RMCE based
on the loss of LifeAct-mScarlet fluorescence. Our findings establish the Bxb1 recombination system
as a powerful and efficient platform for targeted integration of large DNA fragments into mammalian
genomes, offering significant advantages over conventional CRISPR/Cas9-mediated approaches for
large cargo insertion applications.
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Cohen syndrome is an autosomal recessive disorder caused by compound heterozygous mutations
in the COHI gene. This syndrome is characterized by intellectual disability, microcephaly, autistic
symptoms, hypotonia, myopia, retinal dystrophy, neutropenia, and obesity [1]. COH]! is involved
in the regulation of intracellular membrane trafficking and the maintenance of the Golgi apparatus
structure.

Previously, we conducted a detailed study of ultrastructural abnormalities in neurons derived from
induced pluripotent stem cells of patients with Cohen syndrome [2]. We demonstrated that Cohen
syndrome leads to complex intracellular disorganization that highlight the ultrastructural similarities
between Cohen syndrome and neurodegenerative disorders.

In this work, we obtained several cell lines with mutations introduced into the COHI gene, based
on Phoenix cells, using the CRISPR/Cas9. Mutated cell lines exhibited reduced proliferation rates
compared to Phoenix cells. They also have multiple intracellular abnormalities, including Golgi
apparatus fragmentation and swelling, loss of rough endoplasmic reticulum, increased numbers of
autolysosomes with undigested material and number of defective mitochondria and also an amyloid-
like protein aggregates in the cytoplasm.

The ultrastructural defects observed in COH-/- Phoenix cells closely resembled those we previously
identified in neurons derived from iPSCs of Cohen syndrome patients. It means that COH -/~ Phoenix
cells serve as a valid model system for investigating Cohen syndrome-associated cellular pathologies.
Funding: The study is supported by the grant of the state program of the «Sirius» Federal Territory
«Scientific and technological development of the «Sirius» Federal Territory» (Agreement Ne26-03,
27/09/2024) and the Ministry of Education and Science of the Russian Federation, FWNR-2022-0015.
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Current improvements of Chinese hamster ovary (CHO) cells predominantly focus on CRISPR/
Cas9-mediated inactivation of genes that may restrict cell growth or productivity [1]. Alongside,
there are alternative strategies, including optimization of signal peptides of recombinant proteins
and overexpression of auxiliary genes involved in secretion. Signal peptide replacement avoids the
metabolic burden of synthesizing additional polypeptides but exhibits protein-dependent efficacy.
Conversely, overexpression of secretory pathway components incurs extra ATP expenditure but
enables rapid evaluation of gene variants through transient transfection in established clonal producers
and may offer broadly applicable improvements.

To evaluate signal peptide replacement effects, four heterodimeric gonadotropins (FSH, LH, hCG, TSH)
and two antibody variants with differing expression profiles were employed as models. Heterologous
signal peptides derived from azurocidin, human serum albumin, and the common alpha subunit of
these hormones were tested. Expression constructs for overexpressing SRP14, SRP9, a fused SRP14-9
polypeptide, BIP (GRP78) and calreticulin under the constitutive EEF1A promoter were made.
Replacement with the human albumin signal peptide enhanced productivity by 60% for hCG, 4-fold
for LH, and 13-fold for TSH, without effect on FSH [2]. For difficult-to-express antibodies produced
in CRISPR-edited apoptosis-resistant CHO 4BGD cells [1], signal peptide exchange did not alter
expression, whereas SRP14 overexpression increased yields by an order of magnitude. RT-PCR
analyses revealed that prolonged culture leads to depletion of the BIP pool, potentially triggering UPR
sensor activation and reduced productivity; however, BIP overexpression did not significantly enhance
yields.

Engineering of CHO secretory pathway by combined strategies provides an effective means to
overcome bottlenecks in recombinant protein biomanufacturing.

Funding: The study is supported by the Russian Science Foundation, No. 25-24-00140.
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Mutations in the GBA1 gene, encoding lysosomal enzyme glucocerebrosidase (GCase) cause Gaucher
disease (GD) and are the most common genetic contributor to Parkinson’s disease (PD). The incidence
of GBA1-PD (or the Sidransky syndrome) reaches 10% in different populations including Russians.
The therapy via small — molecular stabilizers, pharmacological chaperones (PCs) of GCase, are now
discussed in relation to GD as well as GBA1-PD. NCGC607, GCase stabilizer, was described by the
group of Sidransky [1] and different scientific groups are now trying to increase the ability of the
compound using their derivatives.

We suggested the analog of NCGC607, N2 as a novel GCase PC, exhibiting the similar binding free
energy compared to NCGC607, GCase activity restoration and its protein level in PBMC-derived
macrophages and iPSCs-derived dopaminergic neurons from p.N370S GBA1-PD patient, but was
more effective in HexSph reduction and GCase translocation to the lysosome. Notably, in PBMC-
derived macrophages from GBA1-PD patients N2 resulted in a more pronounced decrease of HexSph
level compared to NCGC607 and ambroxol. When GBA1-PD patents were stratified by mutation
type N2 was effective on GCase activity only in p.N370S carriers, not in p.L444P carriers. Mice
treated with N2 exhibited the similar increase in GCase activity in brain tissue as animals treated with
ambroxol. In MPTP-treated mice N2 was also effective in decrease of GCase substrate level in brain.
We believe that the allosteric GCase stabilizers could be an efficient strategy for the treatment of PD
linked to GBAI mutations. The question that should be raised are the following: 1) on what stage
the fundamental investigation in the field of small neuroprotective drugs should receive the support
of pharmaceutical companies, 2) how all risks could be assessed and 3) what are the differences in
collaboration of academic investigators and industrial partners in different countries.

Funding: The study is supported by the state assignment of the Ministry of Science and Higher
Education of the Russian Federation No. 1023031500037-7-1.6.8;1.6.1;1.6.2;1.6.3.
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Hemophilia B is a rare bleeding disorder caused by lack-of-function mutations in FIX gene.
The replacement therapy with recombinant or human plasma-derived FIX protein has several
disadvantages despite its prevalence. Another approach that consists of FIX gene sequence delivery
inside the recombinant adeno-associated virus vectors (rAAV) to hepatocytes has shown very
promising results. rAAV vectors are a well-established and effective tool which has already proven
to have relatively low toxicity and possibility to deliver the gene of interest to various cell types.
However, rAAV vectors manufacturing is an expensive, time-consuming, and labor-intensive process
which limits the commercial use of AAV-based gene therapies. AAV production using producer cell
lines (PCLs) is desirable due to reduced costs, improved batch consistency and further up-scaled
production processes when compared to AAV production by the standard transfection manufacturing
process. Nevertheless, the development of PCL has been extremely challenging due to the number of
integrations and constitutive expression of the viral genes that often has influence on the survival of
PCLs. This study focuses on process of development of a stable AAV5-FIX PCL. To achieve this goal
a step-by-step integration of the genes required for AAVS-FIX production (E2a, E4, Rep, Cap5 and
FIX) into the genome of HEK293 cell line followed by single cell cloning and selection of the most
optimal clones in terms of AAV-based viral vector productivity, integration stability and cell viability
was performed. Induction system was used to address the toxicity of viral genes. High-throughput
screening of monoclonal stable clones for rAAV productivity identified 7 top producers of AAV5-FIX
with productivity >1E+10VG/ml. Top monoclonal PCLs were subjected to a comprehensive stability
study designed to mimic the time during the production run. These results demonstrate the potential
of stable PCLs to meet the growing demands of gene therapy applications and allow to create a robust
platform for the AAV vectors production in the future.
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Hemophilia B (HB) is a genetic bleeding disorder caused by insufficient blood clotting Factor IX
(FIX) activity. The standard treatment for HB involves replacement therapy with recombinant or
plasma-derived FIX. In severe cases, recurrent hemarthroses may lead to osteoarthritis and increased
patient disability risk even with replacement therapy.

Gene therapy utilizing recombinant adeno-associated viruses (AAV) for the delivery of a functional
FIX gene represents a novel and highly promising strategy for HB treatment. AAV gene therapy for
HB enables the restoration of target clotting factor levels for a duration of 5 to 10 years following a
single administration of the therapeutic agent.

ANB-002 (INN: Arvenacogene sanparvovec), a novel gene therapy product for HB treatment, is a
modified recombinant adeno-associated virus serotype 5 (AAVS) containing a codon-optimized Padua
variant of the human FIX gene under the control of a liver-specific promoter. The utilization of a
unique codon-optimized sequence of the FIX gene, combined with a highly efficient proprietary AAVS
capsid and the naturally occurring Padua mutation that enhances FIX protein activity, can enable
the achievement of stable and high levels of FIX expression and activity with the use of our novel
therapeutic product for HB gene therapy. This gene therapy represents a novel and promising approach
for HB treatment compared to existing lifelong maintenance therapies using recombinant FIX.

The efficacy of ANB-002 has been comprehensively evaluated in both in vitro and in vivo studies. Early
in vivo studies on animal models demonstrated stable expression and activity of FIX as early as 14
days post-injection. Moreover, high levels of FIX and its activity were maintained for several months
following a single administration of ANB-002. Subsequent preclinical studies further confirmed the
long-term efficacy and safety of the drug.

The safety, immunogenicity, and efficacy of ANB-002 in patients with moderately severe or severe
HB are being evaluated in ongoing phase 1/2 clinical trial (NCT06120582). According to preliminary
results of the ongoing clinical trial ANB-002 demonstrated good tolerability, relatively high efficacy
and grades 1-2 adverse reactions during the clinical trial.

Funding: The study is supported by JSC «BIOCAD».
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Congenital adrenal hyperplasia due to 21-hydroxylase deficiency is a monogenic disorder lacking
curative treatment. Prior gene supplementation showed only transient efficacy, likely due to episomal
vector loss fromrapidadrenal cortex regeneration. To address this, we employed CRISPR/Cas9-mediated
non-homologous end-joining (NHEJ) to knock in a functional Cyp21al gene at the Rosa26 safe harbor
locus. Cyp2lal™" mice received AAV-DJ-Cyp21 (6.6 x 10" vg/mouse) with or without AAV-DJ-Cas9
(2.2 x 10" vg/mouse), or PBS.

In the adrenal glands of mice treated with AAV-Cyp21 + AAV-Cas9, site-specific integration of the
Cyp2lal gene into the Rosa26 locus was confirmed by PCR and Sanger sequencing. The vector genome
copy number per cell (VGC/cell), measured by qPCR, was highest at week 2 (mean=12.94, SD =8.02),
declined to 1.10 (SD=0.71) by week 16, and reached 0.25 (SD=0.19) by week 30. Despite this decline,
VGC/cell in adrenal glands remained higher than in brain, gonads, and kidney, but was comparable to
mice treated with AAV-Cyp21. Immunofluorescence confirmed 21-hydroxylase expression in the zona
fasciculata ofthe adrenal cortex, in both treatment groups up to 30 weeks post injection. Partial correction
of steroidogenesis was demonstrated by elevated serum 11-deoxycorticosterone (11-DOC) in mice
treated with AAV-Cyp21 +AAV-Cas9: 2.74 nM (SD =1.43) at week 8, 1.55 (SD=0.58) at week 16, and
2.48 (SD =0.69) at week 30, compared to 0.52 (SD=0.11), 0.57 (SD = 0.20), and 0.66 nM (SD =0.24)
in PBS controls, respectively. However, 11-DOC levels in AAV-Cyp21 + AAV-Cas9—treated mice were
not significantly different from those in mice treated with AAV-Cyp21. Body weight gain improved in
both AAV-treated groups. At week 8, AAV-Cyp21 + AAV-Cas9 and AAV-Cyp21 mice gained 9.75 g
(SD=2.22)and 13.25 g (SD =2.58), versus 4.25 g (SD = 1.90) in controls. At week 30, gains remained
higher — 6.07 g (SD = 1.10) and 8.93 g (SD = 2.00) — compared to 4.20 g (SD = 3.32) in controls.
These results show that AAV-mediated CRISPR/Cas9 delivery enables targeted Cyp2lal integration,
sustained expression, and partial functional correction. Further optimization of dose, delivery, and
editing efficiency is needed. Preliminary data from an ongoing follow-up experiment using adjusted
AAV dose suggest improved gene expression and editing efficiency, to be evaluated upon study
completion.

Funding: The study was supported by the Russian Science Foundation (Grant No. 23-64-00002).
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CRISPR/Cas9 editing has been developing most intensively for the genomes of agricultural plants
in the last 10 years. This is primarily due to overcoming barriers such as genotype-dependent plant
regeneration, as well as the expansion of the number of genes associated with agricultural traits.
Significant progress in the identification and cloning of target genes of common wheat has been noted
since 2018, i.e. since the construction of the first reference map of this genome. The number of isolated
genes increased by more than 2 times during this period and reached 172 by the end of 2024, which
stimulated the development of work on genomic editing [1]. From the point of view of practical
results, it remains important to maintain a balance between genomic editing of the target gene and
wheat yield. In this regard, it is interesting to combine knockouts genes, which result in semi-dwarf
and high-yielding plants [2].

Plant height is a key agronomic trait in wheat, influencing plant architecture and yield potential.
The most widely used alleles in modern breeding are those of the RAs-1 genes, which are involved
in the gibberellin (GA) signaling pathway. Although the semi-dwarf phenotype resulting from the
introduction of Rht-B1b and Rht-D1b alleles reduces lodging, these alleles are also associated with
decreased biomass, smaller spikes and grain size, reduced nitrogen use efficiency, and consequently
require higher fertilizer inputs to achieve high yields. Recently, ZnF genes have been described that
function in the signaling pathway of another class of phytohormones, brassinosteroids, and are also
associated with plant height regulation. It has been shown that combining knockouts of RA¢-1 and ZnF
genes can produce semi-dwarf yet high-yielding wheat plants [2].

We used genome editing to create knockouts of Rht-1 and ZnF genes on all three homoeologous
chromosomes in the tall common wheat breeding line. More than 200 TO plants were obtained. A
selection is currently underway to identify plants carrying combinations of knockouts in the target genes
on different chromosomes, with the goal of evaluating their effects on plant growth and productivity.
Funding: The study is supported by the RSF No. 21-76-30003-I1, www.rscf.ru/en/project/21-76-30003/.
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The aim of this study was to estimate the circulating plasma non-coding RNAs (ncRNA) profile
in heart transplant recipients (HTRs) with acute cardiac allograph rejection. The study enrolled 28
HTRs (aged 18-74 years), who underwent heart transplantation in the Almazov National Medical
Research Center from 2012 to 2023. A total of 28 plasma samples were collected concurrently with
endomyocardial biopsies (EMB), which were performed at time points defined by standard clinical
protocols. Transplant rejection (TR) was diagnosed based on histopathological and immunological
evaluation of EMB, following current ISHLT grading criteria within 10 years post-transplant.
Consequently, four groups were formed: no rejection, cellular rejection, humoral rejection, and
patients with TCAD. Small RNA libraries were generated using TruSeq Small RNA Library Prep Kit
(Illumina, USA) according to manufacturer’s recommendations. Non-coding RNA were detected in
all comparison groups and miRNAs being the most represented. Venn diagram showed that there are
73% (317) of miRNAs shared between all groups studied. In the non-rejection and humoral rejection
groups, 5% (22) unique miRNAs were identified. Patients with TCAD had 2% (8) unique miRNAs,
while patients with cellular rejection had 1% (4). Differential analysis and heat maps did not reveal a
clear miRNAs profile for the comparison groups. Significant differences in four miRNAs (hsa-miR-
193b-3p, hsa-miR-5588-5p, hsa-miR-193b-5p, hsa-miR-483-5p) were found between patients without
rejection and those with humoral rejection. The obtained results suggest that miRNAs may serve as
potential biomarkers for the development of acute humoral rejection. Further verification is required,
considering time since heart transplantation.

Funding: This work was supported by the Russian Science Foundation (project No. 24-15-20016,
https://rscf.ru/project/24-15-20016/) and was supported by the Saint-Petersburg Science Foundation
(project No. 24-15-20016).
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One of the promising areas of cancer therapy is targeted delivery of genetic material with the help of
nanoparticles. In our studies, we used three conformations of thiacalix[4]arenes (/,3-alternate, cone,
and partial cone) that have been modified with cationic dendrons of three generations (G1, G2, and
G3). These structures were studied as nanocarriers of small RNAs.

The aim of this study was to analyze cellular uptake of dendronized thiacalix[4]arenes and siRNA
complexes into HeLa tumor cells using flow cytometry and fluorescence microscopy.

Flow cytometry analysis showed that complexes based on the studied nanoparticles and small RNAs
internalized into HeLa cells. In the case of TCA G1 1,3-alt, a high level of cellular uptake was observed
—about 80% after 24 hours of incubation at the N:P ratios of 10:1 and 15:1. TCA G2 1,3-alt showed the
lowest level of cellular uptake, whereas TCA G3 1,3-alt showed the highest cellular uptake at the N:P
ratio of 15:1. Fluorescence microscopy data showed that TCA G1 1,3-alt accumulated in cells after 24
hours of incubation, while in the case of TCA G2 1,3-alt and TCA G3 1,3-alt, no uptake of complexes
was detected. TCA G1 Cone also demonstrated a high level of cellular uptake of the complexes after
24 h of incubation at the N:P ratios of 5:1, 10:1 and 15:1. In case TCA G2 Cone, the level of cellular
uptake of the complexes was about 50% at the N:P ratio of 15:1 after 24 hours of incubation, while
for the third generation compounds it was the lowest. Fluorescence microscopy study showed that
only TCA G1 in cone conformation accumulated in HeLa cells. TCA G1 showed a high level of
cellular uptake of the complexes (about 90%) was observed at the N:P ratios of 5:1, 10:1, and 15:1
after 24 hours of incubation. TCA G2 PaCo demonstrated a fairly high level of cellular uptake at the
N:P ratio of 15:1, while the third generation compounds showed the lowest level of cellular uptake.
Fluorescence microscopy images demonstrated that TCA G1 PaCo accumulate in HeLa cells.
Modified thiacalix[4]arenes of I,3-alternate, cone, and partial cone conformations of all three
generations accumulate to varying degrees in HeLa cells, but the highest level of cellular uptake was
observed for the first generation compounds.

Funding: The study is supported by Belarusian Republican Foundation for Fundamental Research
(BRFFR, Grant No. B23RNFM-041) and by the Russian Science Foundation (Grant No. 24-43-10005,
https://rscf.ru/en/project/24-43-10005/).
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CRISPR-Cas mediated genome editing is a powerful technology and has a wide-ranging application
in plant breeding. However, despite significant progress and development of new approaches, the
efficiency of genome editing depends on various factors including type of genome modification
required, plant transformation efficiency, target site availability, etc. At Corteva Agriscience, we
combined advanced sequencing technologies, progress in plant transformation of elite germplasm,
and new vector design to improve genome editing efficiency. Examples of successful utilization of
CRISPR-Cas technology for precision breeding and crop improvement will be discussed.
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Amphiphilic dendrons are copolymer nanoparticles that consist of a hydrophobic focal group,
a branched skeleton and numerous charged terminal groups. Due to their ability to bind various
compounds, these dendrons have the potential to become effective nanocarriers in targeted drug
delivery, in particular, gene delivery.

It has been shown that phosphorous dendrons of the first generation with maleimide focal groups
and pyrrolidine terminal groups are the safest and most biocompatible [1, 2], and were therefore
selected for further research. Several cell lines were chosen for this experiment, both cancer and
normal. The cancer cell lines were HeLa (cervical cancer), Hep G2 (hepatocellular carcinoma), HT-29
(colorectal adenocarcinoma), RD (rhabdomyosarcoma), A-172 (glioblastoma), CEM-SS (T-cell acute
lymphoblastic leukemia), HL-60 (promyelocytic leukemia). To compare with normal cells, the HEK
293T cell line (human embryonic kidney epithelium), rat fibroblasts, and human peripheral blood
mononuclear cells were used. FITC-conjugated siRNA was encapsulated by the selected amphiphilic
dendrons, and the resulting complexes were delivered into above mentioned cells and then measured
by flow cytometry. It has been shown that in normal cells cellular uptake didn’t exceed 10%, while for
cancer cell lines it was significantly higher: from 15% in RD to 70% in HT-29 cells.

Funding: The study is supported Belarusian Republican Foundation for Fundamental Research,
No. B23KUB-013.
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Plant genome editing using CRISPR/Cas9 technology has emerged as a promising tool for crop
improvement and gene function research. Despite significant advances in barley gene editing,
modification of commercial cultivars remains challenging, as traits such as in vitro regeneration
capacity and Agrobacterium-mediated transformation efficiency are highly genotype-dependent,
with few cultivars amenable to transformation. Consequently, the majority of barley genome editing
studies have been conducted on the model c¢v. Golden Promise, known for its high regeneration and
transformation capacity.

Recently, developmental regulators genes have demonstrated the ability to promote somatic
embryogenesis, thereby facilitating much more effective transformation and genome editing of
recalcitrant genotypes. In our study, we tested the capacity of wheat morphogenic regulators GRF4-
GIF1 to influence transformation efficiency and genome editing in three commercial barley cultivars:
Tselinny 5, Aley, and G-23035. We used particle bombardment of immature embryos to deliver the
JD633 vector containing the TaGRF4-GIF'1 chimera and compared outcomes with the control vector
L2 41780, which lacked morphogenic regulators.

Our results demonstrated that the GRF4-GIF] gene combination significantly enhances the efficiency
of transformation and editing in barley. Using vectors JD633 and L2 41780, we obtained two
populations of 27 and 60 To plants, respectively. Notably, stable transformants were exclusively
generated in experiments utilizing the JD633 vector (14 out of 27 plants contained vector integration).
The efficiency of stable transgenic lines production was approximately 2.8% across all three cultivars,
in contrast to 0% for the control vector without GRF4-GIF 1.

The efficiency of CRISPR/Cas9 editing was verified by targeting the Nud gene, which controls naked/
hulled grains phenotype. Sequencing analysis identified 5 plants of the Aley, 5 plants of the Tselinny 5
and 4 plants of the G-23035 cultivars exhibiting various mono- and biallelic mutations. Our research
thus presents a promising tool for future application of CRISPR technologies for precise improvement
directly in commercial barley cultivars.

Funding: This work was done within the framework of State Assignment Kurchatov Genomic Center
of ICG SB RAS (Ne075-15-2025-516 from 30.05.2025).
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Centromeres are essential for chromosome segregation because they contain sites for landing
kinetochores. Centromeres function to ensure proper distribution of genetic material to daughter cells
during cell division, making them critical for genome stability, fertility, and healthy development, yet
their DNA sequences evolve rapidly. In most organisms, the key determinant for the site of kinetochore
assembly is epigenetic, requiring the deposition to nucleosomes a centromere-specific variant of histone
H3 called CENH3 in plants, CENP-A in animals. Centromeres have remained largely underexplored
being notoriously difficult to completely assemble due to the highly repetitive DNA sequences and
complex structure, so the functional contribution of centromeric DNA to centromere identity remains
elusive. Despite their importance, very little was known about the degree to which centromeric
DNA share common properties between different species across different phyla. New approaches in
genome sequencing and assembly methodology have enabled the gap-less reconstructing of entire
eukaryotic chromosomes. Recent developments in long-read sequencing technology have allowed
the assembly of centromeric DNA for the first time and have prompted a reassessment of fidelity

of centromere function and the evolutionary dynamics of these regions. The mechanisms by which
centromeric sequences and chromatin come together to functionally determine the relative fidelity
of the centromere regions remains an open question. The report will present data on the molecular
structure of centromeres of various eukaryotic species — human, primates, drosophila, cereals — discuss
the evolutionary mechanisms of its formation and the possible role of DNA in these processes.
Funding: The study is supported by the Russian Basic-Research Program (project No. 0246-2021-
0014) and was funded by the Russian Science Foundation (project No. 24-14-00133).
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A method for generation of Chinese hamster ovary (CHO) cells with multiple gene knockouts and
overexpressions using a minimal number of editing and cloning cycles will enable the creation of
platforms for producing therapeutic protein producers with high specific productivity, extended
cultivation time, and controlled glycoform composition of target proteins. The development of new
cell lines involves the knockout of genes regulating various programmed cell death pathways, stress
response, post-translational modifications, and other regulatory and metabolic cellular processes.
The practical efficiency of simultaneous multiplex genome editing combined with the introduction
of additional copies of housekeeping genes into the CHO genome remains insufficiently studied,
but potentially opens the way to engineering cells with radically altered properties for bioreactor
cultivation.
As a result of two rounds of CRISPR editing based on the CHO S line, a derivative line CHO 4BGD
was obtained with knockouts of the BAK1, BAX, DHFR, and GLUL (GS) genes and overexpression
of Bcl-2 and Beclin-1 proteins. This clonal line is characterized by high cell density during prolonged
cultivation (up to 20 days), resistance to apoptosis induction, enhanced macroautophagy, and the
ability to maintain multistage amplification of plasmids carrying target proteins genes [1]. It was
confirmed that derivative producer lines efficiently secrete biosimilar antibodies, Fc-fusion proteins
and hormones [2] while retaining these cellular properties.
To generate producers of afucosylated antibodies, the CHO 4BGD line was further modified by
knockout of the FUT8 gene using a pair of guide RNAs and selection with lentil lectin. The resulting
clones retained key metabolic properties and demonstrated suitability for producing afucosylated
glycoproteins. The CHO 4BGD line has been deposited in a public microorganism collection and is
freely distributed.
References
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Heart transplant rejection (HTR) continues to pose significant clinical challenges, partly due to the
absence of reliable non-invasive biomarkers. The aim of this study was to investigate longitudinal
cytokine patterns in HT recipients and assess their diagnostic potential for myocardial rejection.

The study enrolled 84 heart transplantrecipients (aged 18-74 years), who underwent heart transplantation
in the Almazov National Medical Research Center from 2012 to 2023. A total of 98 plasma samples
were collected concurrently with endomyocardial biopsies (EMB), which were performed at time
points according to standard clinical protocols. Out of 32 plasma samples were obtained from recipients
within 1 year post-transplantation (PT), 40 were obtained during 1-5 years PT, and 37 were obtained
> 5 years PT. Transplant rejection (TR) was diagnosed based on histopathological and immunological
evaluation of EMB, following current ISHLT grading criteria. Plasma concentrations of 46 cytokines
were investigated using multiplex analysis.

During the first year, PT recipients with HTR showed significantly elevated levels of [FN-y, IL-12p40,
M-CSF, MIP-1B, TGF-a, and TNF-a compared to those without HRT. Plasma cytokine profiling
identified a 13-cytokine signature for HTR (Wilks’ A = 0.04029, approx. F(26,56) =8.5771, p <0.000).
In the 1-5 year PT period, rejection-associated cytokines included sCD40L, IL-1a, PDGF-AA, PDGF
-AB/BB, TGFa, TNFpB, VEGF-A; and 36 cytokine panel demonstrated strong discriminatory power for
HTR (Wilks’ lambda = 0.0000, approx. F (72.4) = 96,809, p < 0.002). Notably, while comprehensive
univariate analysis revealed no significant differences in individual cytokine levels between recipients
with and without HTR beyond 5 years PT, multivariate discriminant analysis identified a 27-cytokine
signature capable of stratifying late-phase rejection (Wilks’ A =0.00057, F(54,14)=10.59, p <0.0001).
Our findings demonstrate that longitudinal plasma cytokine profiles represent promising non-invasive
biomarkers for monitoring heart transplant rejection across long-term follow-up of recipients.
Funding: This work was supported by the Russian Science Foundation (project No. 24-15-20016,
https://rscf.ru/project/24-15-20016/) and was supported by the Saint-Petersburg Science Foundation
(project No. 24-15-20016).
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How a tumor cell responds to the shutdown
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The global pursuit of targeted oncotherapeutics has increasingly focused on modulating oncogenic
microRNAs. Our contribution to this field is the development of a novel class of mesyl phosphoramidate
oligonucleotides (p-ASOs) targeting miR-21, miR-17, and miR-155. This work sought to unravel
the fundamental cellular consequences of their application. We found that these compounds act as
precise molecular keys, initiating a profound intracellular reprogramming. Their exceptional nuclease
resistance and unique capacity to recruit RNase H facilitate efficient and sustained target silencing,
reducing miRNA levels by 50—75%. This primary trigger sets off a cascade: the subsequent restoration
of pivotal tumor suppressor proteins, such as PTEN and PDCDA4, orchestrates a comprehensive anti-
tumor response. This is functionally manifested as a 3 fold induction of apoptosis, a 7 fold suppression
of cell migration, and up to an8 fold inhibition of tumor growth in vivo. The therapeutic narrative
becomes even more compelling when these agents are used in combinatorial regimens which unlock
potent synergy, driving the efficacy to new heights.

To deconstruct this reprogramming at a systems level, we conducted a deep proteomic analysis of
Caco-2 cells 72 h post-transfection. Crucially, the mesyl modification itself showed no nonspecific
off-target effects on the proteome. Instead, each p-ASO elicited a distinct and specific molecular
signature. Suppression of miR-17 predominantly altered the expression of proteins governing cell
proliferation and the chaperone response. Inhibition of miR-155 modulated targets involved in
apoptosis, immune response, and nucleocytoplasmic transport. The most pleiotropic impact was
observed with the miR-21-directed u-ASO, which significantly affected proteins regulating apoptosis,
cell cycle, proliferation, adhesion, and DNA repair. The combination of u-ASOs affected a similar
broad spectrum of functions — proliferation, adhesion, and DNA replication/repair — yet achieved this
through an entirely nonoverlapping set of molecular targets, suggesting a powerful and convergent
phenotypic response.

Ultimately, our findings illustrate that p-ASOs do not merely inhibit a single target; they rewire the
oncogenic circuitry of the cell through a cascade of specific molecular events, offering a powerful,
sophisticated, and well-tolerated strategy for cancer therapy.

Funding: The study was supported by Russian Science Foundation grant No. 19-74-30011.
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Base editors: past, present, future
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The breakthrough technology of genome editing has dramatically reshaped the field of molecular and
cellular biology over the past ten years and is set to enter the healthcare industry, with the first therapy,
exagamglogene autotemcel (Casgevy), approved in 2023. Based on the natural bacterial anti-phage
CRISPR system and built on earlier technologies that used designer zinc finger nucleases and TAL
effector nucleases, the first generation of genome editing tools relied on introducing double-stranded
breaks by RNA-targeted Cas9 nuclease followed by error-prone repair via non-homologous end-joining
or error-free replacement via homologous recombination. The technology was soon improved by the
development of more precise engineered Cas9 versions, introduction of Cas12 targeting modules and,
more recently, the appearance of base editors, in which a catalytically dead Cas9 targeting part (dCas9)
is fused to an effector module, such as cytosine deaminase, which selectively modifies nucleobases
within a structure-defined editing window.

The first base editors were based on natural cytosine deaminases of the AID/APOBEC family and
converted cytosine to uracil, with the intent to cause dAMP misincorporation and ultimately, a
C>T (G>A) transition mutation. It became apparent immediately that cellular DNA repair systems
counteract this type of targeted DNA damage, so the next addition to the system was a specific viral
protein (Ugi) that inhibits uracil repair. Engineered versions of tRNA adenosine deaminase were used
to obtain base editors converting A to hypoxanthine with wider mutation spectra. The later generation
of base editors additionally fused specific DNA glycosylases to dCas9 to facilitate the appearance
of a non-instructive abasic site and further increase the mutation range. Finally, engineered DNA
glycosylases were used that can excise normal nucleobases and do not need the deamination module at
all. To narrow the editing window and decrease off-target effects, “split” architectures were developed,
in which the functional module is inserted between Cas9 domains.

In addition to editing the sequence of genomic DNA in situ, fusion of functional modules to
Cas9 allow installing and erasing epigenetic modifications such as 5-methylcytosine (mC) and
5-hydroxymethylcytosine (hmC) to regulate gene activity. The functional modules used for this purpose
include DNA-—cytosine-C5-methyltransferases, TET family dioxygenases, and DNA glycosylases
specific either to oxidized/deaminated mC derivatives (TDG) or to mC/hmC themselves (plant DML/
ROS proteins).

Funding: The study is supported by Russian Science Foundation, No. 21-64-00017p.
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Potential of modified catalytically inactive Cas9 endonucleases
for intravital imaging of DNA loci
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Cy1iecTByIOIIHIE METO/Ibl, OCHOBaHHBIE Ha (puKcanuu kineTok u cmueke JJHK, mo3BomnstoT onpenenuts
MIPOCTPAHCTBEHHOE PACIOIOKEHHE T€HOMHBIX JIOKYCOB, HO HE Jal0T BO3MOYKHOCTHU OTCJICKHMBATh UX
JUHAMUKY B JKUBBIX KJICTKaX. MBI pa3paboTaiay ansTepHAaTUBHBIN noaxon Ha ocHoBe dCas9-FP, ms
MPWKU3HEHHON BU3yalU3allMi M OLEHKH paccTosHUS Mexay jokycamu meroqoM FRET. Co3nanbl
TeHHO-WHKCHEPHBIC KOHCTPYKIIMHU, KOIUPYIOIINE TeHbl pa3nuyHbIix oproioroB dCas9 (S. pyogenes,
N. meningitidis, S. thermophilus), cBa3anHbIe Yepe3 TuHKep ¢ FP mon ynpasieHneM HHIYIUOETHHOTO
MIPOMOTOPA, YTO CHIKAJIO IIUTO- M (POTOTOKCHYHOCT. BrIOOp (prryopeciieHTHBIX OenkoB GazupoBaics
Ha UX OMO(PHU3MUYCCKIX CBOMCTBAX IS (POPMUpPOBaHUS NoHOp-akienTopHbx FRET-map. Taxke Opum
co3/1aHbl KOHCTPpYKIMU SERNA 117151 MeueHust ocIe0BaTENbHOCTEN C Pa3TUYHBIM YHCIIOM MTOBTOPOB:
tenomepsl (>500 moBTOpOB), a Takke amruHduuupoBaHHble oHkKoreHsl MUC4 m EGFR (~90
noeropoB). B xierounoit muann MNNGHOS nony4eHbsl cTaOUIbHBIE KIIOHBI, SKCIPECCUPYIOIINE
napsl 1 oguHOuHBIE BapuaHTH dCas9-FP. CkopocTh (popMHUpOBaHHS XUMEPHBIX OCITKOB, UX (DOJIIHT,
SJICPHBI UMIIOPT U CyOKJIETOYHOE paclpe/ieiieHue CYIIECTBEHHO Pa3inyalliCh B 3aBUCHMOCTH OT
koMOuHanuu ryopecrieHTHOTO Oenka u opronora dCas9. B psme ciaydaeB MemieHHBIH (omauHT
WIN 3aJICpPKKa SIIEPHOTO TPAHCIOPTa BBI3BIBAIM JUcOaIaHC ypOBHEH JOHOpa W aklenTopa, 4To
camkano d¢p¢exrnBHOCTE FRET-cucTeMbl. AHamu3 BpeMeHH JKU3HH (DIyOpECHCHIUH BBITBUI
Hanbonee 3¢ ¢pexruBHble FRET-mapsr: EGFP/mCherry, mNeonGreen/mCherry 1 mClover3/mRuby3.
[Ipu TapreTupoBaHMM 00X XHMEp Ha TEIOMEPHBIC ITOCIEIOBATEIBHOCTH BPEMs JKH3HH IOHOpPA
M3MEHSJIOCh B IIMPOKOM JHara3oHe: OT 3HaueHud, xapakTtepHbix qisi FRET-B3aumoneiicTBus, 1o
KOHTPOJIbHBIX 3HaueHuit 0e3 FRET. DTu naHHBIC MOATBEPKIAIOT BO3MOXHOCTH TPHIKU3HCHHOM
PETUCTPALIMU POCTPAHCTBEHHOW OJIM30CTH JIOKYCOB.

@unancuposanue: tpant PH® No. 22-14-00205 wu rocymapcrBennoe 3amanne WOIen PAH
«3y4yeHne TeHEeTHYeCKHX MPOILECCOB y MUKPOOPTaHW3MOB, PACTEHHIA, KUBOTHBIX U YEJIOBEKAY,
No. 125040704886-1.
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Pa3paboTka cuctembl gns oueHKN TOYHOCT FreHOMHOTO

peAakTMpoBaHUA Ha OCHOBE MyTareHesa B reHe rpoB Escherichia coli
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Development of a system for evaluating genome editing accuracy
based on mutagenesis in the rpoB gene of Escherichia coli

M.M. Amanova, I.P. Vokhtantsev, D.O. Zharkov*
Institute of Chemical Biology and Fundamental Medicine SB RAS, Novosibirsk, Russia
* oxoguanine@gmail.com
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OpHa U3 maBHBIX 33134 pu padoTte ¢ cuctemoii CRISPR/Cas9 — 310 noBkIieHHE €€ CrieupUIHOCTH.
EcTb nBa myTH pelieHus 3Toi 3aJayu: HalpaBieHHAas HBOJIOLMS U PALMOHAIBHBIN nu3aiiH. MeTtoa
HaMpaBJICHHOW JBOJIOIMKA OCHOBAaH Ha MHOTOKPAaTHOM OTOOpE MO OIpEeeieHHOMY CBOWCTBY W3
PaHIOMI3HPOBAHHBIX ONOIHOTEK. J{JIsT NCTIONTF30BaHUS PAIIHOHATBHOTO AU3aiiHa HEOOXOIMMBI 3HAHHIS
0 CTpyKType Oemnka. Mi3MeHssi aMUHOKHCIOTHYIO TTOCIIEI0BATEIBHOCTh, MOXKHO ITOJIyYUTh BAPUAHTHI C
pa3Hoit cyOCcTpaTHOH cenn(UIHOCTHIO W KaTATUTHISCKON aKTHBHOCTEIO.

B UXB®M CO PAH wmeromoM panmoHaIbHOTO Iu3aifHa coO3JaroTcst BapuaHThl Oenka Cas9 ¢
MOBBIICHHONW CIIeIM(DUIHOCTRIO. JIJIsT WX TIEpBHYHOM OICHKH ObIa CO3JaHa CHCTEMa OICHKU
TOYHOCTH TEHOMHOTO PEIakKTUPOBAHMS HA OCHOBE MyTareHesa B rene rpoB E. coli.

I'en rpoB xomupyer Oeta-cyobenuuuily PHK-momumepaspl. Tak kak TouedHble MyTaluud B OeTa-
CyOBbe/IMHUIIE BBI3BIBAIOT YCTOMUMBOCTD K pU(paMIUIInHy, (GopBapI-MyTareHes B TeHe 7poB mupoko
MPUMEHSETCS JJI OLIGHKM JIeHCTBHsS MyTareHoB Ha kierkd [1]. Cenexkuueil Ha yCTOHYHMBOCTb K
pudamnunuHy OblIM 0TOOpansl 11 MyTarmii B rene rpoB B 5 mrammax E. coli (XL1-Blue, CC104,
BL21(DE3), S1J488, DH50a). Ha ux ocHOBE CKOHCTPYHPOBAHBI 2 TTAHETTN U30TCHHBIX IITAaMMOB E. coli
(S1J488, DH50), Kaxaplif U3 KOTOPHIX HECET MyTaIlMi0 BOJHM3M OT mocieaoBatensHocT 5-NGG-3',
y3HaBaemylo pepmeHToM SpCas9 Kak MOTHB, COCEICTBYIOIIHUH ¢ mpoTocnericepoM. C HCTTONB30BaHIEM
9TON cHCTEMBbI ObLIa OlIEHEHa TOYHOCTh U 3P PeKTUuBHOCTH neiicTBus Oenka SpCas9 nuKoro Tuma u
€ro BapUAHTOB C MPEACKA3aHHOH MOBHIMICHHON CIICIM(DUIHOCTHIO Y3HABAHUS ITOCIIEIOBATEIHHOCTH
npoTocneiicepa.

Dunancuposanue: Viccnenopanue nojepxano rpantoM PH® Ne 21-64-00017m.

Cnucok numepamypul

1. Garibyan L., Huang T., Kim M. et al. Use of the rpoB gene to determine the specificity of base substitution mutations
on the Escherichia coli chromosome. DNA Repair. 2003;2(5):593-608. doi 10.1016/51568-7864(03)00024-7
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Optimization of adeno-associated viral vector-mediated transgene
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cardiomyocytes from phenotypically normal donors

S.K. Andrianova'?*, V.S. Ovechkina' 3, V.V. Belousov! >4 A.A. Mozhaev' 234

! Shemyakin-Ovchinnikov Institute of Bioorganic Chemistry, Moscow, Russia
% National Research University Higher School of Economics, Moscow, Russia
* Pirogov Russian National Research Medical University, Moscow, Russia

* Federal Center of Brain Research and Neurotechnologies, Moscow, Russia
* skandrianova@edu.hse.ru

Key words: IPSC; gene delivery; AAV vectors

WNuaynupoBannble muopunoTernTHeie cTBosioBbie KieTku (UIICK) mpeacraBisitor coboil yanoOHyo
wiatGopMy UTS M3YYCHHsT U MOACITHPOBAHMS PA3NIUYHBIX 3a00JICBAHUHN, a TakKe TECTHPOBAHMUS
TepaneBTHYecKuX cpenacts. Hampasnennas nuddepenmmporka UIICK B kapMOMHOIUTEI TTO3BOJISIET
HCCIIEIOBATh JNIEKTPOPH3UOIOTHICCKHE U METa0ONNIeCKHEe OCOOCHHOCTH JTHX KJIETOK, a TaKkKe
U3y4arh 1aTOJIOTHU CEPAEUHO-COCYIUCTOM cucTeMbl. OJHAKO JOCTaBKa TPAHCTEHOB B IIOJIYYEHHBIE U3
UIICK xapArOMHOIUTHI CTAaHAAPTHEIMH METOJAMH, TAKIMH KaK JUMOPEKIIHS WIN dICKTPOIOPAIIHS,
spisieTcst Manod3(pekTuBHOM. ATBTEpHATHBON TPAIUIIMOHHBIM (PU3HUECKUM U XUMHUUECKUM METOAaM
JIOCTaBKH MOJKET CIY)KHUTh HCIIOJIB30BAaHHE BEKTOPOB Ha OCHOBE AAV, KOTOpBIE HE CIOCOOHBI
BCTPaMBaThCs B T€HOM B OTIMYHME OT JICHTHBHUPYCOB, OOCCIIEUMBAIOT UIUTEIBHYIO SKCIIPECCHIO
TpaHCTeHA U 00NIaIaI0T pa3HOM TPOITHOCTHIO K KJIETKAM U TKaHsAM. B maHHOM paboTe MBI HCClIeayeM
a¢ddextuBHOCTh JocTaBku TpaHcreHoB B UITCK-kapauoMuonuTsl ¢ moMolIbio AAV pa3indHbIX
CCpPOTHIIOB, BKITFOUYast CTaHAapTHBIE 1 1 9, a Takke HOBBIC — DJ 1 php.S.

B paGore Obuia mpoBeneHa HampasineHHas auddepenumpoBka UIICK ot 3mopoBoro noHopa B
KapIHOMHONUTEI. 3peNble KICTKH OBUIM TPaHCAYIHMPOBAaHBI KOHCTPYKUIMSMH Ha OCHOBE AAVS
Pa3IMYHBIX CEPOTUIIOB, HECYIITMMH 3eIeHbIH (ryopectieHTHbIH Oestok GFP non kapauocnenupuaHbM
npomotopoM cTnT. [[anpHeWIINNA KOJTMYECTBEHHBIN aHAIN3 KJIETOK MOKa3all, YTO MPU TPAHCAYKINU
KapJIUOMHUOLIUTOB in vitro cepotunsl DJ 1 1 00nagaroT cpaBHUTENBEHO OJUHAKOBOW A(PPEKTHBHOCTHIO
pu 3ToM y cepoTrmia php.S HabIIOIaMICh cCaMble HU3KUE OKa3aTend 3(Qp)eKTHBHOCTH.
Qunancuposanue: ViccnemoBanue nomnepkaHo rpantom PH® Ne 23-75-10111 (https:/rscf.ru/
prjcard_int?23-75-10111).
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I'emodumua b — X-crennenHoe perieccuBHOe 3a00jeBaHUE, BBI3bIBAGMOE MyTauusiMu B reHe FO.
MyTamn TpUBOIAT K HapyNIEHHSM CBEpPTHIBAEMOCTH KpOBH. [eHHas Tepamust remodmmmu B,
HCTIONB3YIOMIAs aCHOACCOIIMUPOBAHHBIN BUPYCHBIN BEKTOP JUIs TOCTABKU (DYHKIIMOHAIBHON KOTMN
reHa F9, sBiseTcs nepcrieKTHBHBIM HalpaBiIeHHeM nuccienoBanuid. C menbio co3nanus best-in-class
Tepanuu ObLTa MpoBeieHa paboTa Mo oneHkKe (PQPEKTUBHOCTH TeHHOM Tepamuu remo¢miun b Ha
MBIIIMHONW MOJENH ABYMsl Pa3IMUHbIMU CUHTETHYECKHMU BeKTOpamMH (SAAV) MpH ABYX pa3IHUYHbIX
no3upoBkax Bektopa (d1 u d2).

Beenenne Bekropa SAAV?2 nMpuBOAMIO K KOppeKIMy reModuimu b B 00enx mccienyemMpIx Tpymnmnax,
B TO BpeMs KaK aKTHBHOCTh B KOHTPOJBHBIX IPYyNIax COOTBCTCTBOBAIU 3A0POBOMY (heHOTHIYy U
¢enorumy remodunnn b. YpoBeHb dKcIpeccny W BUPYCHAs Harpy3ka OBUTH 3HAUUTEIBHO BBIIIE B
rpynmnax ¢ BekropoM SAAV?2 B cpaBHeHuu ¢ rpynnamu ceporuna sAAV1. IlonyueHHsle pe3ysbTarsl
CBHJCTEIBCTBYIOT 0 O0JIbIIei 3 ()EeKTHBHOCTH BEKTOPOB HA OCHOBE CHHTETHYECKOTO cepoTmna sAAV2
JUISl TeHHOH Tepanuu reMo( iy b Ha MBIIIMHON MOZIENHN B CPAaBHEHHUH ¢ cepoTUIioM SAAV 1. Jlyumas
3¢ dexTHBHOCTD FKCTIpeccun HaOIIoaeTCs TPH MEHBIICH T03UPOBKe BekTopa B rpymme SAAV d1 npu
COXPAHCHHU TEPaNEeBTUUECKOro 3dderra. Upe3BblUaifHO BBHICOKHE IOKA3aTEIH MPOKOATYISTHTHON
aKTMBHOCTH IIPEANONIAratoT JanpHelinee NpUMEHEHUE MEHBIINX JO3UPOBOK BEKTOPOB JUIsl CHUKEHHUS
BUPYCHON Harpy3ky Ha OpraHU3M U MOBBINICHUS 0€30MaCHOCTH pa3pabaTbiBacMON TeHHON Tepamuu
remo¢unn b.

Qunancuposanue: ViccnenoBaHue moaaepkxaHo MMHOOpHAyKM M BBICIIEro oOpaszoBaHusi Pd,
cornamenue Ne 075-03-2025-662.
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bnarogapsi cxoJCTBy ¢ HEOpraHHYECKOW COCTAaBISIONICH KOCTel u 3y0oB, ¢ocdarsl kambius (DK)
JIEMOHCTPUPYIOT TIPEBOCXONHYIO OHOCOBMECTHMOCTh M OHMOAKTHBHOCTH, YTO OOOCHOBBIBACT WX
MIMPOKOE IPUMEHEHUE [T BOCCTAHOBJICHHS MOBPEkKACHHOM KOCTHOH 1 3yOHOI TKaHu. B mocnenuee
Bpemst cpemu OK Bce Gonblice BHUMaHUE YACTSIETCS OKTakaidbnueBoMy (ocdary (OKD), koTopsrit
CUHTACTCSI MPEKYypcOpoM OHOamaTUTa BCICACTBHEC CTPYKTYPHOTO CXOACTBA M CHOCOOHOCTH K
TpaHchOpMaIMK B alaTUT B yCJIOBHsX in vivo [1]. Bxiarogenue karmonos tepus (Ce*) B cocras
OK® no3BoauT npujgaTh Marepraily He TOJIBKO PsiJI MTOJIE3HBIX TEPANIEBTUUECKUX CBOMCTB, TAKUX KaK
aHTHOaKTepuaibHas 1 aHTHOKCUIaHTHAsI aKTUBHOCTh, HO TAK)KE MCII0JIb30BaTh €0 B IMArHOCTUYECKUX
EJIAX BCIENCTBUE CITIOCOOHOCTH LEepHsl K TIOMUHEcHeHIH B YO obnactu criekrpa [2].

TakuM 00pa3oM, IeNbI0 JaHHOH paboThl ObUTO TonydeHue Nepuiicomepxkaniero OK® (Ce-OKd)
¢ xoHueHrtpaueil monoB Ce 0.5, 1, 5 u 10 mon. % orHocutenbHo atoMoB Ca. YcTaHOBJIEHO
HHrHOUpyIollee BO3AEHCTBHE MOHOB Liepus Ha pocT kpuctamioB OK® mpu cuHTe3e MeTonoM
rugponuza Aaukaneimiigocdara muruapara B OydepHOM pacTBope arerara Harpus. llokasaHo,
YTO TIPU OOJYYCHHWH HMCTOYHHUKOM CBeTa C JIUHOW BosHBI 270 HM, noporikn Ce-OK® mpossistor
JFOMHUHECIICHIINIO B YD 1uana3oHe, XapakTepHyo st momuHectueHnn noHoB Ce* (350-380 uwm,
ANEKTPOHHBIN mepexon 2F5/2), MHTEHCHBHOCTH KOTOPOW PacTeT C YBEIUICHHEM COICPIKAHUS IICPHs
B Marepuanax.

Qunancuposanue: VccrenoBanue moaaepxano rpantom Poccuiickoro HaygHoro ¢onnma, Ne 23-63-
10056.

Cnucox numepamypul

1. Suzuki O. Evolution of octacalcium phosphate biomaterials. In Woodhead Publishing Series in Biomaterials.
Octacalcium Phosphate Biomaterials. Woodhead Publ., 2020;1-15. doi 10.1016/B978-0-08-102511-6.00001-7

2. Petrakova N.V., Zobkova Yu.O., Komlev V.S. et al. Synthesis and characterization of luminescent cerium-doped

hydroxyapatite. Ceramics Int. 2024;50(12):20905-20916. doi 10.1016/j.ceramint.2024.03.093
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In vitro moaenb Ha OCHOBE KJ1EeTOK Ye/loBeYeCKom
AeNHUTUBHOW SHTOAEPMbI ANA UCCNeaoBaHNA

natoreHe3sa 6onesHn BunbcoHa-KoHoBanoBa

M.A. Bepecrosoii®?*, B.JI. Crapoay6osa’, E.B. Kapnyxuna?, A.C. Bapanosa’, A.B. saneHko?,
A.T. Illoxuna'?

Y @edepanvuvlii yenmp mos2a u neipomexnonocuti ®MBA Poccuu, Mockea, Poccus

2 Poccutickutl HayYHO-UCCIe008AMenbCKutl Meouyunckuil ynueepcumem umenu H.U. ITupozosa, Mockea, Poccus
* berestovoy@fccps.ru

KnioueBnie cioBa: Gone3nbp Buibcona-Konosamosa; ATP7B; meperpyska Menpro; AeMHUTHBHAS SHIONEPMA;
KJICTOYHAsl MOJIEJIb

Human definitive endoderm-based in vitro model
for studying the pathogenesis of Wilson disease

M.A. Berestovoy' 2*, V.D. Starodubova?, E.V. Karpukhina?, A.S. Baranova?, A.V. Ivanenko?,
A.G. Shokhina-2

! Federal Center of Brain Research and Neurotechnologies, Federal Medical Biological Agency, Moscow, Russia
2 Pirogov Russian National Research Medical University, Moscow, Russia
* berestovoy@fccps.ru

Key words: Wilson disease; ATP7B; copper-overload cirrhosis; definitive endoderm; cell model

Bonesnr Bunbcona-KoHoBanoBa — peakoe ayTOCOMHO-pPEIICCCHBHOE 3a0oieBaHue, 00yCIOBICHHOE
HapyIIeHHEM MeTaboIu3Ma MeIu B opranusMe. [latorenes 3a0oneBanus CBSI3aH C MyTaIMsIMU B TEHE
ATP7B, xommpyromem Meab-Tpancrnoprupyionryro AT®azy. CyliecTByIone KIETOUYHBIE MOJIETH
OTpaHMYCHBI TCHETHUECKOI HECTAaOMIBHOCTBIO M HU3KOH Mposudepanueii. Mosiesns Ha 0CHOBE KJICTOK
Ie(UHUTHBHOU HIOAEPMBI ([ID) MOXKET yCcTpaHUTH ITH OTpaHHYCHUS, YIPOCTUTH U YICIICBHUTH
uccie0BaHue OOJIe3HH.

Lempio paboThl sBIsIeTCS pa3paboTKa in Vitro MOIENW Ha OCHOBE KIETOK denoBeueckoit /10,
MOJTYYCHHBIX U3 WHAYIIMPOBAHHBIX TTIOPUIIOTEHTHBIX cTBONOBBIX KiteTok (MITCK), nns uccnenoBanus
naroreHesa 0orne3nn Bribcona-KoHoBamoBa 1 morncka HOBBIX METOIOB MEANKAMEHTO3HOTO JICUCHUSI.
[Iponecc coznanus mopenu BKmodat: 1) nudpdepennuposky MIICK B npucyTcTBHM akTHBHHA A 1
CHIR99021; 2) MozemupoBaHue Meperpy3Kn MEIIbI0 Iy TeM JI00ABICHUS SK30T¢HHON METH B POCTOBYIO
cpeny; 3) OILIEHKY OTHOCHUTENIBHOI BEDKHBAEMOCTH KIICTOK € TIOMOINBI0 Kpacutens Alamar Blue.
Kretku /1D 1eMOHCTpUPOBAN XapaKTEePHBIH PEHOTHIT U KcTIpeccupoBaiiu Mmapkepbl SOX17, FOXA2
n ATP7B. IlonyueHHass MOAENb JIEMOHCTPUPOBAJIa YyBCTBUTEIBHOCTh K TEpErpy3ke 3K30TeHHOU
MEIBIO C IC50 - 197 MxM.

Cosznannas minardopma Ha ocHoBe Kietok J13, monyuennbix u3 UIICK 3mopoBoro goHopa, mo3BOIsIeT
MOJIEJIUPOBATh MEPErpy3Ky MEIU in Vitro, UMUTUPYS HapylleHHe €€ KJIETOYHOro MeTaboiau3Ma Mpu
6one3nn Bunbcona-Konosanoa. Mozesns mpeogosieBacT OrpaHudeHIS IMMOPTATIM30BaHHBIX KYJIBTYD,
U TIEPBUYHEIX, a Takxke audpepennupoBannbix u3 UIICK, rematormuroB. OgHako HEMOTHAS 3pEIOCTh
kietok J[D ocraercs orpaHMdeHHeM. bymymume mccienoBaHMS MOTYT BKIIOYATh HCIOIB30BAHHE
3D cucrteM KO-KyJIbTHMBUPOBAaHHUS JUISl MOBBILIEHUS 3PEJIOCTH U MOAETMPOBAHUS MEKKIETOYHOIO
B3aUMOJICHCTBUS Pa3INUHBIX THUIIOB KJICTOK B IICUCHH.

Dunancuposanue: Viccnenopanne nojaepxano rpantoMm PH® Ne 24-74-10106.
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CoBpeMmMeHHble NoaxoAbl K CO3A4aHNI0 PeNopPTEPHbIX KIETOUYHbIX INHUN
¢ nomowybto CRISPR-HanpaBneHHOI BCTaBKU TpaHCreHa B 6e3onacHbie

1N 3HAOreHHble NNOKYCbl
A.T. Beikons'*, JI.FO. I'ymun', H.A. Bapner?, A.B. 3psirun’

' Hayunwiii yenmp mpancasyuonnot meouyunol, Hayuno-mexnonozuueckuii ynusepcumem « Cupuycy, Couu, Poccus
2 Kagheopa buomeduyuncrkux nayk, Meouyunckas wikona, Ynusepcumem Hazapbaesa, Acmana, Kazaxcman
* bykonya.ag@talantiuspeh.ru

KuroueBsie ciioBa: CRISPR; ckpuHHHT JeKapCTBEHHBIX MTPENapaToB; 0e30MacHbIe JIOKYChI; PEOPTEPHBIE KICTOUYHBIE
JTMHUA

Modern approaches to engineering human reporter cell lines using
CRISPR within Safe Harbor loci and endogenous genes
A.G. Bykonya'*, D.Y. Guschin', N.A. Barlev?, A.V. Zvyagin'

! Department of translational medicine, Sirius University of Science and Technology, Sochi, Russia
2Department of Biomedical Sciences, School of Medicine, Nazarbayev University, Astana, Kazakhstan
* bykonya.ag@talantiuspeh.ru

Key words: CRISPR; drug screening; safe harbor loci; reporter cell lines

PenoprepHble KICTOYHBIC JHHHUM HPUOOPETAIOT BCE OONBINYIO MOMYNSIPHOCTh B COBPEMEHHOU
MOJICKYJSIDHOH OWOJIOTHH, TOCKOJNBKY OHH OOCCIICUMBAIOT HANCKHBIA W UYCTKHH CHUTHAN [UIS
Pa3NUYHBIX TUIOB aHAJM30B, Kak in cellulo, Tak u in vivo. Co3gaHue PENOPTEPHBIX KIECTOUHBIX
JMHUHN UTpaeT KIIOYEBYIO POJb B CKPUHUHTE aKTHBATOPOB M MHTMOMTOPOB CHTHANBHBIX ITyTEH LIS
pa3pabOTKH HOBBIX TEPANEBTUYECKHUX TMOAXOM0B. PermopTepHbie KIETOUHBIC JTUHUU — 3TO JTUHHUH CO
CTaOMIIFHO WHTETPUPOBAHHBIMH PETIOPTEPHBIME KOHCTPYKIHSAMH, CONCPIKAIIMMHU CUTHAIFHBIC TEHBI
(gacTo monudepaspl UM GIyopeceHTHbIC OSKH), YTO TTO3BOJIACT BU3YAIU3HUPOBATh U OTCIICKHUBATH
IKcTIpeccuio OemkoB. HecMOTpst Ha KasKyITyIocs 0¢30MacHOCTh H IPOCTOTY MCITOIh30BaHMs, HEIICTICBast
TCHOMHAsl MHTETPAIHsI PEHOPTEPHBIX TCHOB MOXKET CEphE3HO MOBIHMATH HAa AKCIPECCHIO COCEIHUX
TCHOB, BBI3BIBAsI HEXKETIATEIBHEBIC U HEMIPEACKa3yeMble d(PPEKTHL. B oTiamyme oT HENeneBoro moaxosa,
cucrema CRISPR/Cas9 obGecreunBaer Gosiee TOUHBIH METOA MHTETPAIMHM PEMOPTEPHBIX T'€HOB,
0COOCHHO IIPU MHTET Palliy PEIIOPTEPHBIX TeHOB BJIOKYCHI Safe Harbor. DTo rapaHTHpyeT MUHIMAITEHOE
BIIMSTHUE HAa COCCHUE TCHOMHBIE 00JacTi. MBI paccMaTpHBaeM MOCIEIHIE JOCTHKCHUS B CO3IaHUN
peTOopTEepHBIX JIMHUHA ¢ ucmonb3oBanueM cucteMbl CRISPR/Cas9 u skcnepiMeHTaNbHEBIC ITOIXOIBI
K UJCHTU(DUKAIUMKN MOIXoasmux Jokyco Safe Harbor anst cozmanms coOCTBEHHOH penopTepHON
KJICTOYHOM JIMHUH, IEMOHCTpUpYomiel appekTuBHOCTh TGF-beta HHTHOUTOPOB.

QuHancuposanue: Pe3ynbraThl TONXyYeHbl TpU (UHAHCOBOM MOJJICPIKKE HCCIIEIOBAHMUS/ TPOCKTa/
paboThI, pealm3yeMoro B paMKax roCyJapCTBEHHOI MporpaMMBI (enepaibHoll Tepputopun «CHprycy
«Hay4Ho-TexHONmornueckoe pasputue ¢enepanbHor Ttepputopun «Cupuyc» (Coriamienue oT
27.09.2024 Ne 22-03).
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CD71-onocpepoBaHHble TPAHCMOPTHbIE CUCTEMbI HA OCHOBE
deppnTrHa ANA ceneKTUBHOWN [OCTAaBKU JIeKapCTBEHHbIX NpenapaToB

K onyxoJsieBbliM KJ1IeTKaM KpOBM YeJiOBEKa

FO.M. T'apmasa!, H.B. Tonuaposa', O.JI. TTamkosa!, B.K. T'acriapsie®, A.B. TamarieBckuii'*

! PecnyOauxanckuil HayuHO-npaKmu4eckull Yyenmp mpanc@y3uonocuu u MeOuyunckux ouomexnonro2utl, Munck,
benapyco

2 Uuemumym 6uoxumuu um. I Bynsmsana HAH PA, Epesan, Apmenus

* tayzoe(@gmail.com

KiroueBble cji0Ba: TIUKOHBIOTATHl  (eppuTrHa; TpaHceppuHOoBed penentop 1; T-, B-mumdoOmactsr,
KHU3HECTIOCOOHOCTh

CD71-mediated ferritin-based transport systems
for selective drug delivery to human blood tumor cells

Y.M. Harmaza', N.V. Goncharova', O.L. Pashkova', V.K. Gasparyan?, A.V. Tamashevski'*

! Republican Scientific and Practical Center for Transfusiology and Medical Biotechnologies, Minsk, Belarus
2 Institute of Biochemistry, National Academy of Sciences, Yerevan, Armenia

* tayzoe(@gmail.com

Key words: ferritin glycojugates; transferrin receptor 1; T-, B-lymphoblasts; viability

Hns  noctmkeHus >(PQEKTUBHBIX TEPANEBTUUYCCKUX PE3YABTAaTOB IPU JICUCHUH OIMYXOJEBBIX
3a007IeBaHUl KPOBM aKTyalbHOIl MpENCTaBISAECTCS CENeKTHBHAS JOCTABKA JIEKAPCTBEHHBIX
COEJUHEHUN BHYTPb KJIETKH, MUHUMHU3UPYIOIIAs I[P 9TOM CUCTEMHYIO LHUTOTOKCUYHOCTb. [lo aTOM
MIPUYHHE Bce Ooliee pacTeT HHTepec K pa3paboTKe CENeKTHBHBIX CHCTeM JocTaBku jekapcts (CJI).
B mocnennue roasl KOHBIOTaThl (DEPPUTHHA 3aHUMAIOT IIGHTpaibHOE MecTo B kadectBe CJUJI 3a
cdeT Xopomiel OnopasIaraeMocTH, COCOOHOCTH HAKaIUTMBAThCS B CHIIBHO BAacKYJISIPU3MPOBAHHBIX
JKEJIC303aBUCHMBIX OITyXOJIAX U HHTCPHAIU3AIMN OMYXOJICBBIMU KIETKAaMU Yepe3 TpaHC(heppUHOBBIN
peuentop 1 (CD71).

Lenbio naHHOM PaOOTHI SIBISUIOCH BRISBICHUE AIIONTOTHYECKOTO JICHCTBHS TPAHCIIOPTHBIX CUCTEM Ha
OCHOBE INIMKOKOHBIOTATOB (DeppUTHHA (€T0 IT0JI0i HAaHOYACTHUIIE — ano(epPUTHHA) IPH CEIIEKTUBHON
JIOCTaBKe JICKAPCTBEHHBIX MIPENaparoB, UCIOIb3YEMbIX B KIIMHHUKE (JIEKCAaMETa30H U BUHKPUCTHH), K
omyxonesbIM T- 1 B-kiieTkaM KpoBHU B 3KCHEPUMEHTE in vitro u usydenue ponu CD71 peuenropa B
JaHHOM IIpoLecce.

B pesysbraTe BEITONHEHUS HCCIIEJOBaHUS, BBISBICHBI INTMKOKOHBIOTATHI, KOTOPBIE 00J1a/Iaf0T BBICOKOH
3 (PEKTUBHOCTBIO 3arpy3Kd U CBOWCTBAMH KOHTPOJIHPYEMOTO BBICBOOOXKJICHHS JIEKAPCTBECHHOTO
COCTMHEHHMS. YCTaHOBIICHO, YTO MPOLECC CIMUSHHSA TPAHCIOPTHON CHCTEMBI Ha OCHOBE aro(epprUTHHA
C KJIETKOH IPOMCXOOUT IO IIyTH DHJOLUTO3a, onocpenoBanHoro CD71, a B nanbHelIIeM pa3BUTUU
aronTo3a B KICTOUHBIX OMYXOJNIEBBIX KyibTypax IM-9/MOLT-4 kirodeBas poyib MPHHAIJICHKHUT
penokc-nucbanancy. bonee Toro, B paboTe MpoBeACHBI CPABHUTENBHBIC HCCICIOBAHMS JCHCTBHS
HAHOKOHBIOTATOB Ha NepHu(epriecKre MOHOHYKIICaPHBIE KIETKH KPOBH 3/I0POBBIX JOHOPOB, KOTOPHIE
ABIISIIOTCS HU3K03Kenpeccupyomumu CD71 anTureH.

Qunancuposanue: ViccnenoBaHue HOANEPKAHO MEXAYHApPOIHBIM TIpaHToM benapycb-ApMmeHus
M21APMI'-003 u HUP 3.05.2 I'TIHU «Kouseprenuus-2025.
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Ncnonb3oBaHne 6aKkTepnanbHbIX aproHaBToOB
ANA N3y4YeHUA KOHPNANKTOB TPAHCKPUNLUM N peninkauum

Bb.K. T'onneera*, B.A. [1antenees*, A.B. Kyns0aunnckuit**, J1.M. I'enbdenoeirn™* *
Hncemumym 6uonoeuu eena PAH, Mocksa, Poccus
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Using bacterial Argonaute to study transcription-replication conflicts

B.K. Godneeva*, V.A. Panteleev*, A.V. Kulbachinskiy**, D.M. Gelfenbein***
Institute of Gene Biology RAS, Moscow, Russia

* equal contribution

** avkulb@yandex.ru

*** es_dar@inbox.ru
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Bo Bcex nemsmmxcst KJIETKaX HEHM30€KHBI KOHQIMKTHI TPAHCKPHUIIMHM M PEIUTHUKAILNH, TaK Kak
oba mpomuecca mpoucxomar Ha oxHoit Moiekyie JIHK. Hapymenue storo Gamanca NpHBOIUT K
BO3HMKHOBEHHUIO CTPYKTYpHBIX ToBpexkaeHnii JIHK, Bxmouast oOpazoBanme R-merens m omHO- U
JBYHUTCBBIX DPa3pbIBOB. B paboTe MBI HCCIEAOBATM MEXaHM3MBI 3THX KOH(IMKTOB HAa MOJEIU
Escherichia coli n ux BausHue Ha CTAOMIIBHOCTH TCHOMA.

i BbIsABIEHMA ydacTkoB akTuBHOro mnpoueccura JHK nmpumeHen noaxox ¢ UCHOIb30BaHHEM
OakTepHaNbHBIX OEIKOB-AProOHaBTOB, CIOCOOHBIX CBA3bIBaTh KopoTkne ¢parmentsr JHK,
oOpasyrolmecss B MecTax JABYHHUTEBBIX pa3pbiBoB. CozmaHa cepusi MOAM(UIIMPOBAHHBIX MITAMMOB
E. coli, sxcripeccupyromux 0eloK-AproHaBT, ¢ pa3lNYHON OpHEHTAIMeH WHIYIHOEIEHBIX TCHOB U
nenenusamMu (paktopoB penapanuu. [lomydeHHBIC MITAMMBI BBIPAIICHBl B PA3JIMYHBIX YCIOBUAX IS
WHYKIIMH KOHQINKTOB TPAHCKPHUIINN M PEIUIHKAINH, TIPOBECHO BBIICICHNE OEIKOB-ApProHaBTOB
U aCCOLIMUPOBAHHBIX C HUMHU HYKJIEMHOBBIX KUCIOT. CEKBEHUPOBAHUE U aHAIU3 PACIpENEICHUs 110
TeHOMY CBfI3aHHBIX ¢ AproHaBTamu (parmenToB JIHK mo3Bonmim BBIIBHTH yYacTKH JIOKAJIBHOM
nerpanaruu JJHK.

[lonydeHHble naHHBIE IOKA3alM, YTO CTOJIKHOBEHMS TPAHCKPUILIMOHHBIX M PEIIMKAUOHHBIX
KOMIIJICKCOB IIPUBOAAT K HakoIuieHuo noBpexacauii JIHK, koTopsie MOTYT OBITh JETEKTHPOBAHBI C
UCTIONB30BaHUEM AproHaBToB. OcoOeHHO BEIpaXxeHHBIH 3¢ dexT Habmonacs mpu nenennn PHKa3br
H: B 3THX ycI0BUSX pa3phIBbl (PUKCUPOBAINCH HE TOJIBKO P BCTPEUHOI, HO U IIPH COHANpPaBICHHON
TPAHCKPUIIIMU, B YACTHOCTU B aKTHBHO TpaHckpuOupyemsix pPHK-oneponax. Oto moguepkusaer
BakHy!0 poiib PHKas3s1 H B mpeoTBpammennn popmuposanus R-netens u mogaepkaHiuy CTaOUIbHOCTH
FeHOMa.

TakuMm 00pa3oM, TPAHCKPUILUS MOXCET BBINONHATH KaK 3aIIUTHYIO (DyHKIUIO, CHOCOOCTBYs
MIPUBIIEYEHHIO (JAKTOPOB PEemaparuy, Tak U MpoBoIMpoBaTh nospexaenus JAHK npu Hapymenun ee
KOOPIMHAILIUY C APYTHMH IponieccamMu. bakrepuanbHble OelIKH-ApProHaBTHI MO3BOJISIOT JIOKAJTN30BaTh
YYaCTKH HECTAaOMIFHOCTH B TEHOME M MOTYT OBITh MCIOJIB30BaHbI IS IeTeKIMH nponeccunra JJHK
B OaKTepHaIbHOI KIIETKE.

Qunancuposanue: PaboTa BEIIIOIHEHA B paMKaxX roOCyJapCTBEHHOIO 3aJjaHusl MUHHCTEPCTBA HAYKU U
BhIciero oopasoBanusi Poccuiickoit @enepannu (tema Ne FFEW-2024-0009).
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MNonyyeHune n aHanns KnetouHbix nuHUN MNNG/HOS

C HokayTom reHa PBOV1 c nomouubto cuctembl CRISPR-Cas9
E.A. I'yx*, B.E. Cnanren6epr, C.A. bpyckun, JI.I. ManormeHox

HUnemumym obweii cenemuxu um. HM. Basunosa PAH, Mockea, Poccus
* lissa.guk2 1 @gmail.com
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Preparation and analysis of MNNG/HOS cell lines with PBOVT gene
knockout using the CRISPR-Cas9 system
E.A. Guk*, V.E. Spangenberg, S.A. Bruskin, L.G. Maloshenok

Vavilov Institute of General Genetics RAS, Moscow, Russia
* lissa.guk2 1 @gmail.com

Key words: CRISPR-Cas; knockout; oncogenesis

310KaueCTBEHHBIC HOBOOOPA30BaHUS SKETOAHO BBISIBIISIIOTCS 00JIee YeM Y IeCATH MIJUIHOHOB YEJIOBEK
BO BceM Mupe. [eHeTHueckue MapKepsI SBILTIOTCS] OMHUM 13 Hanbosiee 3G (QEeKTHBHBIX HHCTPYMCHTOB
JUIS paHHeW JMarHOCTUKH paka. ['eH yenoBeka PBOV I, Guonoruyeckas GyHKIHS KOTOPOTO MOKa HE
YCTaHOBJIEHA, JAEMOHCTPUPYET CTAOMJIBHYIO IKCIIPECCHIO MPU PALE 3JI0KAYECTBEHHBIX OITyXOJei.
Lenbio paboTs ABIsLIACH OIEHKA BkiIana PBOVI B u3MeHeHue (eHoTHNA U MpodHiIeH 3KCIpeccun
TCHOB, XapaKTEPHBIX IS KIICTOYHOM THHAHN ocTeocapkoMbl MNNG/HOS. CekBeHIpOBaHIE aMILTHKOHA
LIEJIEBOIO Y4acTKa FeHa 0Ka3ajao Hajau4uue Aejaenuid 1uHoi 7, 11 n 16 HykiaeoTu10B BO BCeX ajulemsx
noyururonHoN mrHIE MNNG/HOS, 9TO BBI3BANIO CABHT PaMKU CUMTBHIBAHHS M MPEKICBPEMCHHOE
(hopmMupoBaHUE CTOM-KOJIOHOB, TIOATBEP K Iasl MMOJHBIA HOKAyT reHa. Jkcnpeccuto PBOV I ouneHuBanm
metogom OT-IILIP B peanbHOM BpeMEHM; TaKKe aHAJIW3UPOBAIM HM3MEHEHHs IKCIPECCHU T'€HOB-
MapKkepoB paka. CKOpoCTh MponuQepanud U MHUTPAIMOHHONW aKTHBHOCTH ONPECNSUIN METOIOM
«3apacTaHus HapanuHb». OpraHu3aliio BUMEHTHHA, [I0Ka3aTelsi OHKOTeHHOTO MOTEHIMaNa KIETOK,
U3yYald C MOMOIIBI0 UIMMYHOMITyOpEeCIIeHTHOH MHKpOCKonuu. B pesynbrare akcnpeccus PBOVI B
JMHUAX C HOKAyTOM ITOJIHOCTBIO OTCYTCTBOBaja MO CPaBHEHUIO C KJIETKaMH AMKOTO TUMA. YAaJleHHE
PBOVI cHmxano ypoBeHb Mapkepa mponudepanuun CDK9 u onxkoreHoB Nanog, Sox2, ERBB2,
OIHOBPEMEHHO TIOBBIIIAsI SKCIIPECCHIO OMyX0JeBOro cymnpeccopa TP53. IIponmudeparus cHIKaIach
B HECKOJIBKO pa3, a MUIpaLys MOJHOCTBIO OTCYTCTBOBaIA. FIMMYyHOOKpalBaHUE II0Ka3aJI0 IEPEXO]
oT ¢pudpmwuIsipHON (HOPMBI BUMEHTHHA BOKPYT SIpa B KJIETKAaX JAWKOTO THIIA K arperatHoil ¢opme
B KJICTKaX ¢ HOKayTOM, YTO COOTBETCTBYET ACTPAJAIlMM BUMCHTHHA. TakuM 0Opa3oM, HOKayT I'eHa
PBOVI meronom CRISPR-Cas9 3HaunTeIbHO CHMKAET OHKOT€HHBINA ITOTEHIMAT KJIETOYHON JTMHUN
ocreocapkoMel MNNG/HOS, ymeHbIas mponugepaTuBHy0 1 MUTPAIIHOHHYIO aKTHBHOCTD KJIETOK.
@unancuposanue: ViccnemoBaHue TPOBEACHO B pamkax rocymapctBeHHoro 3amanusi UOlen PAH
«3y4eHne TeHEeTHYeCKHX MPOILECCOB y MUKPOOPTaHW3MOB, PACTEHHIA, KUBOTHBIX U YEJIOBEKAY,
Ne 125040704886-1.

112



doi 10.18699/CRISPR-2025-113
Bpau-reHeTuK KakK cBA3yloLLee 3BeHO MeXAy NauneHToM
N MONEeKyNAPHON Tepanuen HacneaCcTBeHHbIX 3aboneBaHumn
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Medical geneticist as a link between the patient
and molecular therapy of hereditary diseases

N.M. Dvoynova
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CoBpeMEHHOE MEAMKO-TCHETHUECKoe KoHcynpTupoBanue (MI'K) cemeit ¢ BBICOKMM pHCKOM
pOXIeHusT peOeHKa ¢ HACICACTBEHHBIM 3a00JIeBaHHEM TpeOyeT HE TOJIBKO TOYHON THArHOCTHUKH, HO
Y [TyOOKOTO 3THYECKOT0 M KITMHHYECKOTO aHAIM3a JOCTYIHBIX PENPOAYKTUBHBIX onimid. CI0KHOCTH
KOHCYJIFTUPOBAHHS KAacaroTCsl KaK WHTEPIpETAllMd MOJCKYJISIPHO-TCHETHYCCKUX JIaHHBIX, TaK H
BBICTpaMBaHUsI KOMMYHUKAIIMH B YCIOBHSX HEOTPEACICHHOCTH JUArHO3a WM MTPOTHO3a.
[IpenocraBneHue penpoyKTHBHOTO BbIOOpa, BKIoUas KO ¢ mpenMIUIaHTallHOHHBIM FeHETHYECKIM
TECTUPOBAHUEM, HHBA3UBHYIO MPEHATAIBHYIO THArHOCTHKY, HCIIOJIh30BaHNE JIOHOPCKOTO MaTepuara,
CyppOraTHOE MaTepUHCTBO MJIH YCBIHOBIICHHE, COTIPSKEHO ¢ HEOOXOIUMOCTBIO 00CYKIaTh HE TOJIBKO
pHUCKHU Tiepefadn 3a00JieBaHUs], HO M TEPCIEKTUBLI JIedeHUs. Hannuue AOCTYMHOW TapreTHOH WM
TCHHOU Teparnuy MOXKET MPHHIIUITHAILHO MOBIHATh Ha PEIPOAYKTUBHBIC pelieHus: ceMbu. Hannaue
OJI0OPEHHBIX MPETapaToOB CIIOCOOHO U3MEHHUTD aKIICHT KOHCYJBTAINU: TAIUEHTHI MOTYT PaCCMOTPETh
poXieHne peObeHKa ¢ IEPCIICKTUBOM MOCIIEIYFOIIETO JICUCHHSI.

B 5ToM KOHTEKCTe HEOOXOIMMO HWHTETPUPOBATh 3HAHHUS O TEKYIIEM CTaryce W TEpCIeKTHBaX
BBICOKOTEXHOJIOTHYHBIX METOJIOB JICUCHHSI, B TOM YHCIIC MPOBOIUMBIX KIMHUYCCKUX HCITBITAHUSAX,
B KOHCYJBTAaTHBHYIO MpPaKkTUKy. OJHAKO TakWe TOAXONbI IMO-MPEKHEMY OTrpaHHUYEHBI BBICOKON
CTOMMOCTBIO TPEMaparoB, OTPAHMYCHHBIM YHCIOM MNPO(HUIBHBIX IIEHTPOB W HEPABHOLICHHON
PETHOHANIBHON JIOCTYITHOCTBIO, @ TAK)KE HEJI0CTATOUHOW HH(POPMHUPOBAHHOCTHIO CEMEH.
Pexomenmyercs o0Cyx/1aTh HAJIHMYUE MOTCHIIMAILHOTO JICYCHUST HAa BCEX ATANax KOHCYJIBTHPOBAHHS
— MPH BBISBIICHUM TCHHBIX BAPUAHTOB HA MPEKOHIICTIIIMOHHOM CKPUHUHTE, BO BpeMs IIPEHATAIbHOM
JIMArHOCTHKH H TTOCIIE TOCTAHOBKH TUArHO3a. B TO 5k Bpemsi cymecTByeT JepUINT yHH(PHIIMPOBAHHBIX
PEKOMEHIIAII 10 KOMMYHHUKAIIMM C TaKUMH CEMbSMU B KOHTEKCTE JICUCHHs, OCHOBAaHHOTO Ha
MEPEIOBBIX TEXHOJIOTHSIX.

Taxkum o0pazom, popMupoBaHHE dTHYECKH 00OOCHOBAHHBIX M KIMHHYECKH PEJICBAHTHBIX CTpaTerui
MI'K, uHTErpUpYIONIMX BO3MOXKHOCTH MPEIM3HOHHON Tepariy, OCTACTCS aKTyalbHOM 3amaucit s
TPAHCISAIMOHHON TeHETUKH.

Dunancuposanue: oaaepxkano rpanrom bPK ot 29.05.2025 roga Ne 075-15-2025-478.
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OnHoit 3 Hambojee BaKHBIX 337ad B TCHOMHOM PEJAKTUPOBAHUH SIBISICTCS BHECCHHE HYXHBIX
nocienoBarenabHocteit JIHK B meneBwle caiitbl reHoma. Hykieasslt CRISPR/Cas, renepupyromiue
JUNKUE KOHIBI, OOecrmeunBaloT BBICOKOTOUHYI0 BcTaBky JIHK 3a cuer HampaBieHHOM
KOMIUTeMeHTapHOCTH. B ommmuame ot Cas9, oOpasyromieil Nmpu pemakTHPOBAaHWU TYIBIC KOHIIE,
(depmenTsl Tuna Casl2a/Casl2f 00pa3yroT 5'-TUNKHE KOHIIBI C BBICTYMAIOUIMMH OJHOIICTIOUEYHBIMU
yYacTKaMU [UIMHOHN 4-7 TH. DT0 yBeTmduBaeT d()(EKTHBHOCTH TOMOJIOTHIHO-3aBUCHMON perapariuu
(HDR) B 3-5 pa3 u cHWXaeT HellelleBbie BCTABKH, OCHOBAHHBIC HA HETOMOJIOTHYHOM BOCCTAaHOBJICHUN
KOHIIOB. [IprMEHEHHE TaKMX CHUCTEM ITO3BOJIICT OCYIICCTBILTH OCCIIOBHOE CIUSHHE (PparMeHTOB
JHK 6e3 mpumeHEHHs JOMONHUTEIBHBIX JIMHKEPOB, COOMPATh CIOXKHBIC KacCeThl B OE30MacHBIX
nokycax (AAVS1) ¢ Bbicokor 3()(hEeKTHBHOCTBIO, HHTEIPUPOBATH TPAHCTCHBI C BHICOKOW TOUHOCTBIO
npu co3ganuu CAR-T-kieToxk.

B nmamnoif pabore oIeHHMBANCS MOTCHIMAN KoMITakTHOH Hykieassl Casl2fl, oGpasyromiedt mpu
PEeIaKTUPOBAHNH JIMITKHE KOHIIBI, JJIS1 HHTETPAlMU KOPOTKHUX JIMOO MPOTSKEHHBIX JOHOPHBIX MATpPHIL.
[IpenmymiecTBOM TaHHOW HYyKJI€a3bl IO CPABHEHHIO C APYTHMH SBISIETCS ¢ HeOONbIION pasmep,
KOTOPBIH I103BOJISIET OCYILIECTBILATh €€ YIIaKOBKY B AAV 4acTUIbL.

B pabote ObuM co3maHBI 1Ba BapHaHTa KOHCTPYKIHUIT: HEOOJIBIINE JOHOPHI C JINIKAMH KOHIIAMH C
IUIeYaMM TOMOJIOTHU B STH JIMOO KacCEThl, KOTUPYIOUIME TeH (IyopecleHTHOro Oenka, ¢ IeyaMu
romonoruu pazmepom 400mH. DkcniepumenTsl Ha kietkax HEK293 o penaktupoBanuio Hykieaszoi
Cas12f] B mpHuCYTCTBUM JOHOPHBIX MaTpHIl MOKa3aaH 3(Pp(HEeKTHBHYIO HHTETPALIO KaK HEOONBIINX,
Tak M MPOTSDKEHHBIX IOCIEIOBATENIbHOCTEH, YTO MOATBEpKAasoch Mukpockonuei, ITLP wu
[IIIP B peambHOM BpeMeHH. AHanu3 3()(HEKTUBHOCTH HMHTETpAIMii HEOONBIIMX JOHOPOB IIyTEM
BBICOKOIIPOU3BOAUTEIIFHOTO CEKBEHUPOBAHIS aMILTHKOHOB (Ampliseq) moka3ai, 9To X WHTETpaIus
B LIEJIEBBIE CalThI MPOUCXOANIIA C BBICOKOW TOYHOCTHIO.

PesynbraTsl NpoOBEIEHHOTO UCCIIEIOBAHUS CBUAETENBCTBYIOT O BO3MOKHOCTH IIPUMEHEHHUS HYKJIea3bl
Cas12f1 st penieHus: pa3NnUYHBIX 337a4 MOJICKYJISIPHOM OMOJOTHH U TEHHOH Tepaniu: OT KOPPEKIUU
ToyeuHbIx nospexaeHuit JIHK 1o naTerpaunu npoTsKeHHbIX TeparneBTHUYECKUX KacCeT.
Qunancuposanue: VccienoBaHue NMpOBEJAEHO B pamkax rocyaapctBeHHoro 3afganust UOl'en PAH
«M3yueHne reHeTHYecKUX IMPOLECCOB y MHUKPOOPIaHU3MOB, PACTEHHH, KUBOTHBIX U YEJIOBEKay,
Ne 125040704886-1.
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Koundekuus Bupycamu renaruta B (BI'B) u D (BI'D) Be3bIBacT Hambonee TSKEIYH U OBICTPO
MIPOTPECCUPYIONTYI0 (OPMY BHPYCHOTO TemaTHTa. [IATHICTHSS BBDKHBACMOCTH WH(PHUIIMPOBAHHBIX
nanueHToB He mpesblmaeT 50% u3-3a OBICTPOTO pasBUTHS IHPpo3a M paka medeHd. OgHUM U3
MEPCIICKTUBHBIX HANPABICHUN B JEUCHUH HHQEKIMH SBISICTCS TOMCK HOBBIX IPOTHBOBHPYCHBIX
(haKTOpPOB, CIIOCOOHBIX ANMUMHHUPOBATH BUPYC U3 KICTOK YEIOBEKA.

B paMkax maHHOTO HCCIeIOBaHHs OBLT OMIPEAeIeH CUCOK >150 MOTeHIIMATBHBIX POTHBOBHPYCHBIX
(bakTOpoB C HccenoBaHueM WX JeiicTBUs Ha Mmozaensx BI'B u BI'D mpu ucmnonb3oBaHuM CHCTEM
tpanzuenTHOW CRISPR-akTuBamm Tpanckpumnimm.

qIIIIP moxrBepawi yBenuyeHHE TpaHCKpunuuu LeneBblx reHoB a0 20000 pas. Ilo pesynsraram
CKpUHHWHTa OBLIO BBIABICHO, 4TO 31 ¢akTop cmocoOcTByeT CcHIDKeHHIO Oomee weM Ha 50%
nperenomuoit PHK (nrPHK) u konbieBoit koBanentno 3amkHyTol JIHK (kk3 JIHK) Bupyca renarura
B; 96 ¢paxropos cHmkarotr yposau PHK BI'D Ha >50%. Hanbonee 3Ha9nMOe CHIDKCHUE TIPOU3OIILIO
TIpH aKTHBAIMH TPYIIIBI TCHOB, CBA3aHHBIX ¢ M°A-MetinnpoBannem PHK. M3mepenue cTabHabHOCTH
PHK mokasaio, 9To pu aKTUBAIIMH OTACIBHBIX (PAKTOPOB YBEININBACTCS CKOPOCTH Aerpaaarm PHK
BI'B u BI'D, mpu 5ToM niporcxonuT yBenudenue ctabunbHoctd MPHK u ypoBHei#t 6eikoB (akTopoB
payTpuKieTounoro orsera TLR3, TBKI1, IRF7, STING.

B pesynbrare, ¢ ucnonszoBanuem cucreM CRISPR-aktuBanmm Obuiv ompeeieHbl MOTSHIMANbHBIC
kaHauaaTel st nmuMuHauu BI'B u BI'D u onpeneneHbl MeXaHU3MBbI ACHCTBUS TaHHBIX (DAKTOPOB.
Dunancuposanue: Viccnenosanue nojaepxano rpantoM PH® Ne 25-65-00010.
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Cemeiinas  cpeamsemMHOMOpckas —nmxopaaka (CCJI) — reHeTHYecKHM JeTepMHHHUPOBAHHOE
ayTOBOCHAIUTENIbHOE 3a00JIeBaHIE, TIepeIatoleecs IPEUMYILECTBEHHO 110 2y TOCOMHO-PELIECCUBHOMY
TUITy HACJICOBAaHMsI M BBI3BAHHOE TOYCYHBIMU MyTarusiMu reHa MEFV (Mediterranean FeVer).
Lenpro JaHHOTO MCCIIEIOBaHUS Obla OLCHKA SKCIIPECCHH TeHOB HH(pIaMmacoMbl (p6)5, Caspl, MEFV
u NLRP3) y narenToB ¢ CCJI 1o cpaBHEHHIO ¢ KOHTPOJILHOM TPyNION sl TOHUMAHUS H3MCHCHHH,
KOTOpBIC MOTYT HMTparh KIIOUEBYIO POJb B Pa3BUTHH 3a00ieBaHHSA. MBI OOHAPYKWIH HU3MCHCHHUS
YPOBHS 3Kcrpeccuu moaHou uzopopmel MEFV, a taxxke reHoB Caspl u p65 y namuentoB ¢ CCJI
[0 CPaBHEHUIO ¢ KOHTpOJIbHOM rpynmoii [1]. Taxke HaOmomamuch U3MEHEHHUs] YPOBHS IKCIPECCHH
HEKOTOPBIX TEHOB MH(pIaMMacoMsl (p65, MEFV n NLRP3) o cpaBHEHUsI ¢ KOHTPOJILHON TpynIon
y panee nonydeHHbix MIICK [2] u y nuddepennupoBanHHbix Makpodaros. [loidydeHHbIC daHHBIC
MOAYCPKUBAIOT 3HAYCHHE T'eHOB HH(pnammacoMmsl aist pa3sutust CCJL.

Qunancuposanue: ViccnenoBanue BBITIOIHEHO MpH (GuHaHCcOBO# momaepxxke KBOH MOHKC PA B
pamkax HayuHoro nipoekTa Ne 25YR-1F023 (pyk. C.A. AxeMsH).

Cnucok numepamypol

1. Hayrapetyan V., Karapetyan L., Ghukasyan L. et al. Association of Inflammasome Gene Expression Levels with

Pathogenesis of Familial Mediterranean Fever in Armenians. /nt J Mol Sci. 2024;25(23):12958
2. Grigor’eva E.V,, Karapetyan L.V., Malakhova A.A. et al. Generation of iPSCs from a patient with the M694V

mutation in the MEFV gene associated with Familial Mediterranean fever and their differentiation into
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Octpeiii uHMapkT Muokapna (OMM), npeacrapistomuidi co00M HEKpO3 ydacTka MHOKapla H3-3a
OCTPOr0 HapyUICHUS] KPOBOCHAOKECHUSI B KOPOHAPHBIX apTEpPHsIX, OCTAETCS BEAYIIEH MpUIMHON
CMEpPTHOCTH HAceJeHHs OT CEpAEYHO-COCYIUCTHIX 3aboneBaHui. OIHUM M3 TJIABHBIX 3BEHBEB
natoreneza OVIM sBisieTcst pa3BUTHE OKHCIUTENIBHOIO CTpecca, CTENEHb KOTOPOTO OIpPENesieT
TSDKECTh KIMHUYCCKUX OCIOKHEHUH. lcmonb3oBaHHEe TEHETHYECKH KOTMPYEMBIX OHOCEHCOpOB,
Harpumep, SypHer3s, SypHerRed u HyPer7, mo3BonseT npoBoIuTh MOHUTOPHUHT U3MEHEHUIT PEeIOKC-
MapaMeTpoB B )KUBBIX OMOJIOTHYECKUX CHCTEMAX.

B nmannoil paboTe ObUTH CO3MaHBI KOHCTPYKIIUH, KOTOPBIC C TOMOIIBIO KapIHOCHEHU(PHIECKOTO
npomotopa cTnT obecreunBanu HKcTIpeccrio OMOCEHCOPOB B KapaumoMuonuTax. Ha HeoHarampHOU
KynbType KapauomMuonuToB Meimed C57BL/6 Obuta mpoaeMoHCTpupoBaHa ycrmermHas AAV-
OIIOCPEJIOBaHHAasl JOCTaBKa NeHETUYECKMX KOHCTPYKLHMH, Koaupyroummx Ouocencopsl SypHer3s u
HyPer7. Kpome Toro, momobpansl ycnosus s ko-tpaHcaykunu SypHerRed n HyPer7 B pasubix
KOMIapTMeHTax omHOH KieTku. C momompio 6nocencopa SypHer3s ObUTH IOMyYeHBI pe3yIbTaThI,
CBHUJICTEIBCTBYIOIINE 00 U3MEHEHMHM ypoBHA pH B MHOKapae (QyHKIMOHHUPYIOIIETO Ccepana
mbimeit C57BL/6 npu xupyprudeckom MonenupoBanuu OVIM. Jlnst mpoBefeHHs TPUKHU3HECHHOTO
OMOMMUJKIHTA CepIa ObLIIO CO3aH0 YCTPOHCTBO JUIsl MPOCTPAHCTBEHHOH (DUKCAIIUH Cep/lia in Vivo.
PesynbraTel mccrmemoBaHUsS CO3MAIOT OCHOBY UL YIIYOJCHHOTO IOHUMAHHUS MOJEKYJISIPHBIX
MEXaHHU3MOB Pa3BUTHS OKUCIUTENBHOTO cTpecca mpu ONM.

Qunancuposanue: Viccnenosanue nmoaaepxkano rpaaroM PH® Ne 23-75-10111 (https://rscf.ru/prjcard
int?23-75-10111).
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Anypun-anupumuanHoBbie (All-) caiiTel — 310 Hanbonee pacnpocTpaHeHHble noBpeskacHus JIHK,
BO3HHUKAIOIIME KaK M3-3a CIIOHTAHHOHM MOTEpU OCHOBAHMUSA, TaK M B XOJ€ 3KCLU3MOHHOM pemnapaiuu
ocHoBanuil. B ietkax uenoseka All-caiitel nmonseprarorcs penapauuu All-snponykneasoi 1
(APEX1). MpimmHbIe MOAENTH W KIETOYHBIC JIMHWH, HOKayTHhIe 1o All-aHmoHykiease, Xoporio
HCCIICZIOBAHbI U OXapakTepu3oBaHbl. OHAKO OCTAeTCs MAJOM3YyUCHHBIM mpolecc pemapanuu All-
CaiiToB B TakWxX KieTkax. MbI uccienoBanmu dpPpeKTUBHOCTh penapanuu All-caiiToB B KiIeTOYHOU
munun 293FT, HokayTHOH 1o reny APEXI, ¢ mOMONIbIO IJIa3MUIHON pernopTepHoil cuctemsl [1].
Jns 9T0r0 B KOMUPYIOMIYIO 4acTh He(uryopecleHTHOro BapuaHTa EGFP B TpaHCKpHOHPYEMYIO
1enb BBOAMIM MO0 cuHTeTHueckuid aHamor All-caiita, mubo ypammi, KOTOPBIA B KIETKE IMOCIE
yHaJCHUS OCHOBAHHS JaeT HaTypaitbHbI All-caifT. 3aTeM KJIeTKH TpaHC(UIIMPOBAIH MOTYICHHBIMA
IUIA3MUTHBIME KOHCTPYKTAMH U OLICHMBAIM ypoBeHb (yopectiennun EGFP. beuto mokaszano, 4to
B kierounoit smaun 293FT APEX1™~ cunrernyeckuii anamor All-caiita W ypaiui MOABEPraroTcs
3¢ EKTUBHON pemapaliy, 4TO CBHJCTEIBCTBYET 00 aJbTCPHATHBHBIX PEMAPALMOHHBIX CHCTEMAX.
B knertkax uenoBeka mmeetcs romonor APEX1, APEX2, kotopweiii oGnamaer muHOpHOW All-
SHJIOHYKJICA3HON aKTHUBHOCTHIO. HamMu OBUTH MOTy4EHB! KJICTOUYHBIC JIMHUM C ABOMHBIM HOKayTOM
reHoB APEXI n APEX?2. beuio nokazano, uto All-caidTel 3p(heKTHBHO MOJABEPTrarOTCs penapayy B
aTuX Kietkax. JJHK-rmko3uaassl, KOTophle yIaasioT HOBPEX ICHHOE OCHOBAHHUE B XO/1€ SKCIIM3HOHHON
pemapaiy 0CHOBaHUM, crtocoOHBI mporeccupoBars All-caiitel. Cpenu Takux OM(YHKIHOHAIBEHBIX
JHK-rmuko3unas moxuo Beiaenuts NTHLI1, kotopas o6mamaer BbolpakeHHOM All-mmasHoit
aKTMBHOCTHIO. Hamu ObLIO TMOKa3aHo, 4To B KIeTOYHOM jubaur NTHLI™~ cumkena 3(h(heKTHBHOCTD
penapanuu HatypanbHoro All-caiita, uro cuaerenscTByeT 0 pon NTHL1 kak 3amacHoi cuctemsl B
penapanyu All-caiiTos.

Qunarncuposarue: VccnenoBanue MoJjIepKaHO POCCHUCKUM HaydHbIM (ponmom Ne 21-64-0001711
(uHTepHeT-cebuTKa https://rscf.ru/project/21-64-00017/).

Cnucok numepamypul

1. Rodriguez-Alvarez M., Kim D., Khobta A. EGFP reporters for direct and sensitive detection of mutagenic bypass
of DNA lesions. Biomolecules. 2020;10(6):902
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Oco6eHHOCTU KanbLMeBoro romeocrasa y KapgmommoumnTos
¢ mytauuen FLNC A1186V

E.C. Kimumenko'*, E.I. Hukutuna', A.A. Kocrapesa'-?
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Sweden
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Features of calcium homeostasis in cardiomyocytes
with FLNC A1186V mutation
E.S. Klimenko'*, E.G. Nikitina', A.A. Kostareva' 2

' Almazov National Medical Research Centre, St. Petersburg, Russia

2 Department of Women's and Children’s Health and Center for Molecular Medicine, Karolinska Institutet, Stockholm,
Sweden

* bymalvina@gmail.com
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Ounamun C, xomupyemslii reHoM FLNC, urpaer KIO4eBYIO poJib B TOAJAEPKAHUM CTPYKTYpPHOU
LEJIOCTHOCTU capkoMepa. Ero wmyranum accouuMMpoBaHbl C Pa3IMYHBIMA MHONATHAMH U
kapauomuonarusmu. Hapymenue dynkiun FLNC npuBoauT kK M3MEHEHUSIM KaJIbIIMEBON AMHAMUKU
U KJIETOYHOT'O JBIXaHUS M3-3a JA€30praHu3allli LUTOCKeNeTa U MOBPEXKACHUS B3aUMOCBA3EH MEXIY
CapKOIIa3MaTHYECKUM PETUKYIYMOM, MUTOXOHIPHUSIMH U KJIIETOYHON MEMOpPaHOI.

Mytammun FLNC MoryT mpoBomupoBaTh 00pa3oBaHHE NATONOTHICCKUX OCIKOBBIX arperaros,
KOTOpBIC HapYIIAIOT MPOLECCH ayTo(haruu U BHYTPUKICTOUHOTO TPAHCHIOPTa. JTO, B CBOIO OYEPEab,
MOJKET BIMATH HA NPaBUIbHYIO JIOKAJIN3aUI0 HOHHBIX KaHAJIOB U U3MEHATH 3KCIIPECCHIO IOTEHIIHA-
3aBHCHUMBIX KaHAJIBHBIX OEJNKOB, YTO TMOTCHIMATBHO MPUBOJAUT K HapymieHUto auddepeHnnpoBku
KapAMOMHUOLIUTOB, PA3BUTHIO PECTPUKTUBHON KapAMOMHONATUU U aPUTMOTCHHBIX HApyLICHUH.

B ®OIBY «HMHUIL wum. B.A. AnmazoBa» OblT 00CIEIOBaH MAIlMEHT C PECTPUKTUBHOM
KapIMOMHUOIATHEH W JHUCTANTBHON MHUOMaTHEeH Ha (GoHe mucceHc-myTauu A1186V B rene FLNC B
10 nomene. Ilomy4eHHBIC OT MAIMEHTA M 3I0POBBIX JIOHOPOB KJICTOYHBIC JTUHUHM WHAYIUPOBAHHBIX
IUTFOPUITOTEHTHBIX CTBOJIOBBIX KJIETOK denoBeka Au((hepeHInpoBaTuCch B KapauoMHonuTel (KM-
ullCK) na mpotsokennu 45 nHeil. Beun vccneioBaHbl KaabIIMEeBbIE TPAH3UCHTHI, WHIYIIUPOBaHHBIC
ANEKTPOCTUMYIISIIIHCH, C HCIIOIb30BAHNEM KabIIMHA-UyBCTBUTEIBHOTO (TyopecIieHTHOTO 30H1a Fura-
2AM Ha ycranoBke lonOptix (IonOptix, USA) u meno-onocpenoBaHHbIA BXO Ha OHE XUMUYECKOM
crumymsitun taricurapruaoM. st KM-ullCK ¢ mytammeit FLNC A1186V xapaktepHO YMEHBIIICHHE
aMIUIUTY[bl Ha 32% 1 yBeIMUYeHNE AIUTEIbHOCTH KalbLIUEBOIO TpaH3ueHTa Ha 21% 1o cpaBHEHUIO
¢ KM-ullCK 310poBBIX MOHOPOB. BBIIO 00HApYKEHO YMEHBIICHHE CKOPOCTH BBICBOOOKICHHS
n BoccraHoBieHus Kaiblus Ha 40% mno cpaBHenuto ¢ KM-ullCK 3m0poBsix goHopoB. [lemno-
OIOCPEOBAaHHBIN BXOJ Kalblus Obul cHKEeH Ha 34%. IlonydyeHHble 1aHHBIE CBUIETEILCTBYIOT O
IpyObIX HAPYIICHHUSIX KaJIBIIMEBOI0 TOMEOCTa3a y KapauoMuonuToB ¢ MmyTtareir FLNC, uto, BeposiTHO,
CBSI3aHO C HapYIICHHOH AU (hepeHINPOBKOI.

Dunancuposanue: Viccnenosanue nojaepxano rpantom PH® Ne 25-15-00552.
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Ponb Psmb8 B nopgaepaHun npoteocrtasa B DCK mbiwiun
J.B. Kpurep*, A.H. Tomunun, A.C. Humoxa

HUnemumym yumonoeuu PAH, Cankm-Ilemepbype, Poccus
* dkriger@incras.ru

KuroueBbie cioBa: nMmyHomporeacoma; Psmb8; DCK; nuddepenuuponka

The role of Psmb8 in maintaining proteostasis in mouse ESC

D.V. Kriger*, A.N. Tomilin, A.S. Tsimokha
Institute of Cytology RAS, Saint-Petersburg, Russia
* dkriger@incras.ru

Key words: immunoproteasome; Psmb8; ESC; differentiation

OmOpuonansHble  cTBONOBBIC KieTkH (DCK) o001agaoT MOTEHIMAIOM K HEOTPaHUYCHHOMY
BOCIIPOM3BE/ICHUIO M CHOCOOHOCTH An(QepeHnnpoBaTbcsi B JIOOBIC THIBI KJICTOK OpraHU3Ma.
bnaronapst stuM cBoiictBam DCK SBISAIOTCS IIGHHBIM MHCTPYMEHTOM Kak Ui (pyHIaMEHTAIbHBIX
HCCIIENOBaHUN paHHETO 3MOpHOTreHe3a, TaKk W A pa3padOTKM KIETOYHBIX TEpanmii W MOIXOIOB
pererepatuBHOM MeauuuHBL J1s uxX 3(@(EeKTHBHOrO NPHMEHEHUS HEOOXOAMMO MOHUMAHHE
MEXaHH3MOB, KaK MMOAEPKHBAIOIINX [UTIOPUIIOTEHTHOCTD, TaK M PETYIUPYIOMUX TU((HEPEHIIIPOBKY.
KitoueByto ponp B coxpaHeHuu mimopunoreHTHocTH DCK wurparooT cucTembl NOAAEpKaHHS
nporeocraza. Ocoboe MecTo cpeid HUX 3aHMMaeT YOMKBHTHH-TIpoTeacoMHas cuctema (YIIC),
OTBeUAroNIasi 3a JACTPATAlUI0 MOBPEKACHHBIX, HEMPABUIBHO CBEPHYTHIX M PETYISTOPHBIX OCIIKOB.
Hapymenus B pabore YIIC MoryT mpuBOAMTH K yTpare IUIIOPUIIOTEHTHOCTU WM aHOMAJIbHOU
muddepenmpoBke. Baxnoit ocobennoctsio YIIC sBisieTcss ee IUIACTUYHOCTB, 00CCHEUMBAIOIIAS
OBICTPYIO aNanTalMi0 K W3MCHEHHAM (H3MOJIOTHYECKOTO COCTOSHHS KIETKH B IIporecce
muddepenpoBku. MMMyHOIPOTEacOMbI — CHIEIMANTN3UPOBAHHBII THII IPOTEACOM C ATbTCPHATUBHBIM
COCTAaBOM KaTIUTUYECKUX CyObenuHuIl. VX posk TpaJUINOHHO CBA3BIBAIN C IMMYHHBIM OTBETOM,
OITHAKO pacTyllee YHCIO JaHHBIX YKa3bIBaeT HA MX ydYacTHEC B IMOJACPKAHUU MpPOTEocTasa Mpu
cTpecce W Ha paHHHX dTamax anddepeHnnpoBku. Llens Hamelt paboThI — HMccieOBaHNME BKIAa
UMMYHoOIIpoTeacoM B peryinuto nporeocraza DCK mpimn. Mel ycranoBunu, uro Beixon OCK u3
COCTOSIHMSI HAMBHOW IUTIOPUIOTEHTHOCTH COMPOBOXKIAETCSl TPAH3UTOPHON aKTHBAIMEH 3KCIpPECCHU
KaTaJUTHYCCKUX CyObEINHNI] UMMYHOIIPOTEACOM, JOCTUTAIOIICH MTMKa Ha 3-if IeHb ME30AepPMaTbHON
T HepeHITMPOBKH 7 Vitro Y CHIDKAIOIIEHcs K 6-My JHIO, BO3BPAIIAsACh K YPOBHIO, XapaKTePHOMY IS
HAMBHOTO COCTOSHUSL. J|71s OIIeHKH (PyHKIIMOHAIBHON PONN KIMMYHOIIPOTEACOM ObITH CO3/aHbl JINHUN
OCK ¢ HokayTOM reHa Psmb8 — KIOUYEBOH CyObEIMHUIBI, HEOOXOAMMOM I COOPKH KOMILIEKCa
UMMYHOTIPOTEACOMBL. OTH KJIETKH JICMOHCTPUPOBAJIM PE3KOC CHIDKCHHE >KH3HECIIOCOOHOCTU
B YCIOBHAX METAa0OIMYECKOr0 CTpecca, YTO IMOATBEP)KAAeT 3HAYMMOCTh HMMYHOIIPOTEacoM B
HOAJeP KaHUU [TPOTE0CTA3a B KPUTUUECKUE TIEPHOJIBI BEIXO/Ia KIETOK U3 COCTOSHUS ITTIOPUIIOTEHTHOCTH
U 3aIlyCcKa IporpaMM paHHel IuddepeHIIPOBKH.

Qunancuposanue: ViccnenoBanne noanaepxano rpaaroM PHO Ne 22-14-00390-I1, (https://rscf.ru/
project/Ew899Z21cndfOF-JImGRF81q8Sp79VVFiE3tPEHpHUBGPY_GZX038C2AEWLLIWFSmehSgY5qC1o~/).
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AHTUTENa K HeMpaMmunHngase NPoTUB BUPYCOB rpunna A

nocsie MMMYHN3aUnN C€30HHbIMN NMPOTUBOIPUNMNO3HbIMN BaKUMHaAMN

IT.A. Kyaaps'*, M.B. Cepreesa’, A.P. Pekctun!, E.A. Pomanosckas-Pomanbko?, B.3. Kpusuiikas?,

K.C. Kymps?, 3.A. Kpsuiosa!, M.O. Kypmsiesa!, M.A. Crykoa?, }0.A. [lemera’
Y@OI'BHY « UOM», Cankm-Ilemepbype, Poccus
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Neuraminidase antibody response to influenza A viruses
after immunization with seasonal influenza vaccines

P.A. Kudar'*, M.V. Sergeeva®, A.R. Rekstin!, E.A. Romanovskaya-Romanko?, V.Z. Krivitskaya?,

K.S. Kudria?, E. A. Krylova!, M.O. Kurpiaeva', M.A. Stukova?, Y.A. Desheva!
VFSBSI “IEM”, Saint Petersburg, Russia

2 Smorodintsev Research Institute of Influenza, Saint Petersburg, Russia

* polina6226@mail.ru

Key words: influenza; antibodies; neuraminidase inhibition

Baxnunanus npotus rpunna Baxsa npu pacnpoctpaHeHur SARS-CoV-2 ans 3amuTel 300poBbs
W CHW)KEHUS Harpy3kd Ha CHUCTeMY 3[paBOOXpaHeHHus. ['yMopalbHbIi HMMMYHHUTET HPOTHUB
Hellpamuangaszel (NA) BHpyca TpHIlia MOXKET OOJIErduTh WHQEKIUI €€ HOBBIMH aHTUTCHHBIMU
BapuanTtamu. CoBMecTHas oleHka aHTuTesn K NA ¢ aHTUTenamMu K remarnmotuHuHy (HA) moxer
MOMOYb B HCCIIEIOBaHUM d(D(HEKTUBHOCTH BaKI[MH ITPOTHB TPHUIITIA.

Lenpio uccaenoBanmst OBUTIO M3yYCHHE TIEPEKPECTHOW PEAKTUBHOCTH U (DYHKIIHOHAIHHBIX CBOHCTB
UHrHOupyonmx NA aHTUTEN, BBI3BAHHBIX CE30HHOI NMMYHH3allUeH IPOTUB TPUIIIIA.

beimn m3yuensr 64 mapel CHIBOPOTOK ITallMEHTOB, MMMYHU3HpOBaHHBIX B 2018 T. ce30HHBIMH
TPUIITIO3HBIMHU BAaKIIMHAMH, COJCPKAIIMMU BaKIMHHBIE INTaMMBbl, pekoMeHaoBaHHbe BO3 mis
snmuaeMuueckoro ceszona 2018-2019 1. A/Michigan/45/2015(HIN1)pdm09 wu  A/Singapore/
INFIMH-16-0019/2016 (H3N2). Anrtutena k apeidoBeiM Bupycam A/Guangdong-Maonan/
SWL1536/2019(H1IN1)pdm09 u A/Brisbane/34/2018(H3N2)uccnenoBaiuck qo muepes 21 1eHb mocie
BakIMHAIMU. J{71s OlleHKH aHTuTeN K NA npuMeHsU1ach peakiiis HHrHOMpoBaHusl HeMpaMUHUAIa3HON
AKTUBHOCTH ¢ peaccopTaHTHbIMEM BUpycamu A/HONT u A/H6N2. Anturena k HA orneHuBamich B
peaKkuy TOPMOKCHHUS TEMarTIIIOTHHAIIAH.

Ce30HHBIC BaKIMHBI BBI3BAIM 3HAYUTEIBHBIN OTBET aHTUTEN K NA npotuB BupycoB A/HIN1pdm09
u A/H3N2, ocob6eHHO cpean MOXUIIBIX MAlMeHTOB. HO «KOIIEKTUBHEBINY UMMYHHUTET K Apei(OBBIM
Bupycam A/HIN1pdm09 u A/H3N2 cHU3MIICS B CpAaBHEHHH C paHee MUPKYIUPYOIIAMH IIITAMMaMH.
Y MONOABIX MAIMEHTOB MOCJIE BaKIMHAIIMK YPOBEHb aHTUTET K NA HpPOTHB HOBOro mramma A/
HIN1pdm09 6b1 cTaTUCTHYECKH 3HAYUMO HHUKE.

Cumwxennslii orBeT Ha NA N1 npetidoBoro Bupyca A/HIN1pdmO09 BersaeieH y aui Monoxe 60 Jet.
BoiaBuHyTa runotesa, 4To npu HecoBnaeHu HA BakinHaI¥s IPOTHB BUPYCOB IPUIIIA, COASPHKAILUX
N1, HeoOxoauma suiiam 110 60 set, a cogepxamux N2 — s 6onee MUPOKUX CIIOCB HACEICHUS.
Qunancuposanue: ViccnemoBanue momnepikaHo 3a cderT cyocumun MunoOpHayku P®, Ne tembr
FGWG-2023-0002.
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OueHka npumeHeHuns cuctembl CRISPR-Cas9 B kom6buHauyumn

C (I)ﬂyOpOFEHHbIMVI 30HOaMM OaNnA KNeToyHoro mMmma>KnHra
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Evaluation of CRISPR-Cas9-based strategies for cellular imaging
using fluorogenic probes
L.G. Maloshenok'*, G.A. Abushinova', .A. Abdeeva!, E.M. Vassina’, V.V. Zherdeva®

! Institute of general genetics RAS, Moscow, Russia

2 Federal Research Center “Fundamentals of Biotechnology” of the RAS, Moscow, Russia
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Mer co3nanu monudumpoannbie runossie PHK (rPHK) cucrembr CRISPR—dCas9 ¢ BcTpoeHHBIME
PHK-antamepamu tdBroccoli m MangolV B metmu 1, 2 mnm Ha 3'-konne tracrPHK. Ha ocHoBe
oprosoros SpdCas9, St1dCas9 u NmdCas9 66111 CKOHCTPYHPOBAHBI IIJIa3MUAHBIC U IEHTUBHUPYCHBIC
BEKTOPBI, HANPABICHHBIC HA CIICHU(PHUICCKOE CBSI3BIBAHHE C TEIOMEPHBIMU TIOBTOPAMH YETOBEKA.
In vitro ¢nyopecnentHas cnektpockonusi mokazana 300—1000-kpaTHOe yCWIIEHHE CBEUSHHsS TpU
B3auMojeicTBrH antamepoB ¢ kpacutensmu DFHBI (tdBroccoli) u TO3 (MangolV) ¢ Bbicokoi
ad(GUHHOCTHIO B HAHOMOJIApHOM Auanazone (3—6 HM minst MangolV-TO3, 2—-3 M mis tdBroccoli—
DFHBI). BcrpanBanue anTaMepHBIX IOCIEIOBAaTeIBHOCTEH He Hapymaio (GopMUpOBaHHE
xommiekca dCas9-rPHK u cermmduueckoe cBs3pIBaHIE ¢ TCHOMHBIMU JIOKYCaMH, YTO TOATBEPANIN
(ryopeciieHTHas MEKPOCKOITHS KIIeTOK uenroBeka ¢ dCas9—FP. [lomydeHHBIC JaHHBIC IEMOHCTPUPYIOT,
yro monuduuuposanusie TPHK ¢ antamepamu 3 peKTHBHO BU3yaIM3UPYIOT TEHOMHBIC JIOKYChI 0€3
0EJIKOBBIX (DITYOPECIICHTHBIX METOK W IMTPUTOIHEI JJISI MYIBTUILICKCHOTO MTPYYKH3HEHHOTO HMUKHHTA.
Qunancuposanue: TpantT PH® Ne22-14-00205 u rocynapcrsensnoe 3aaanue MOT'en PAH «3yuenue
TEHETHYECKHUX MIPOIECCOB Y MUKPOOPTaHN3MOB, PACTEHUH, )KHBOTHBIX U uesoBeka», Ne 125040704886-
1.
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®nyopecueHTHbIN MeToh KONNYeCTBEHHON OL@HKU 1 onTUMMn3aLumm

cBasbiBaHnA KomnnekcoB dCas-rPHK ¢ HK
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Fluorescence-based method for quantitative assessment
and optimization of dCas-gRNA-DNA complex binding
N.Yu. Mamaeva'*, P.G. Feskin', V.A. Yakovlev!, A.K. Shaytan'?

' Lomonosov Moscow State University, Moscow, Russia
2 Institute of Gene Biology, Moscow, Russia
* mamaeval 9n@gmail.com

Key words: CRISPR-dCas; epigenome editing; transcriptional regulation; fluorescence polarization

Cuctrema CRISPR/(d)Cas9, moMumMo penakTHpOBaHMSI I'€HOMA, HCIOJIB3YETCS Ui HalpaBiICHHOU
pErymnsnuu 3KCIPECCUM T€HOB U SMUT€HOMHOrO peaakThpoBaHus. Cpequ U3BECTHBIX BapUaHTOB
Haunbonee pacrpocTpaHeHHbIM siBisieTcs Oenok dSpCas9, obnanaromuii BEICOKOH 3((EKTUBHOCTHIO,
HO OONBIINM pa3sMEpOM, YTO CO3[aeT HpoOJIeMbl, CBSI3aHHBbIE C JOCTaBKOH. bornee KoMmakTHbIE
cucrembl, Takue kak SaCas9 u CjCas9, nerde HHTErpHPOBATh B BEKTOPHBIC KOHCTPYKIUH, HO OHU
YCTYHaroT 110 3 (HEeKTUBHOCTH CBA3BIBaHUS. ONITHMHU3ALHS 9THX OETKOB MOXKET IIOBBICUTD UX CPOJICTBO
K 1eneBbIM nocaenoBarensHocTsM JIHK u yeunutes snurenernueckuit a¢gdekt. [ns pemenus >toi
3a7a9i HeOOXOMMBI TOYHBIE KOJINYECTBEHHBIC OIIEHKH CHIIBI CBsA3bIBaHMs KoMIuiekcoB dCas—TPHK—
JHK. B nannoit pabote pa3paboTaHbl U ONTUMHU3UPOBAHEI (HTyOPECLEHTHBIC METOIUKH N3MEPCHHUS
Ha IUIaHIIETHOM pUJEpPE, MO3BOIIOIINE ONPEEIATh KOHCTAHThI CBSI3BIBAHMS B in Vifro CUCTEMAax U
CO371aBaTh OCHOBY JUISl pallMOHATIBHON HHKeHEpUH Cas-0eIKOB ¢ YIyUIICHHBIMU XapaKTepUCTHKAMH.
DKCIepUMEHTHI MPOBOIWINCH ¢ ouniicHHbIME Oenkamu SpdCas9, SadCas9 u CjdCas9. ITapamerpsl
B3aumoyeiictust kommuiekcoB dCas—TPHK—/IHK ompeznemnsimick MeTonoM U3MEpEeHUs MOMSpU3aIUN
(ITyopecIeHIINH ¢ HCTIOIb30BaHNEM IITAHIIETHOTO CKaHepa.

B xone paboTsl pa3paboTaH METOA XapaKTEpPHU3aIlUK NTapaMETPOB CBSI3bIBAHMS HA OCHOBE N3MEPCHHUS
nomsipu3annu - goyopecueHnud. C TpUMEHEHHEM JaHHOTO IIOAXOJa OIPEAETEHbl KOHCTAHTHI
cs3piBaHMs koMIuiekcoB dCas—TPHK ¢ JIHK mpu pa3nuuHbIX 3HAYEHUSIX MOHHON CHIIBI, @ TaKXke
yCTaHOBJIEHB MUHIMAJIbHbIE yCITOBHS 110 HOHHOH CHIIe, HEOOXOANMBIE TS (HOPMHUPOBAHUS CTAOMIIBHBIX
KOMIIJIEKCOB, UTO UMEET 0c000€ 3HAUCHUE, HATIPUMEP, MPHU 3JICKTponoparuy. PazpaboTanHblil MeTox
MOXKET OBITh HCIIONB30BAH JUIS PAallMOHAIBHON ONTHMH3annu an3aifHa Cas-0elKoB M BHECEHUS
HAIPaBJICHHBIX MyTaIMi, a TAKKe IS OLEHKH 3(P(PEKTUBHOCTH CO3AHHBIX KOHCTPYKIIUH HA paHHUX
JTanax ux pa3paboTKH.

Qunancuposanue: VcciaenoBanue noaaep:kaHo MHMHHCTEPCTBOM HAayKH M BBICIIETO OOpa3OBAHUS
Poccuiickoit @eneparuu (cormamenue Ne 075-15-2024-539).
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D¢ddexTnBHOE MPOU3BOACTBO PEKOMOMHAHTHBIX OCIKOB JJIi MEAUIMHCKUX NMPUMEHEHUH Tpedyer
KJICTOYHBIX KYIBTYp, CIOCOOHBIX K CYCICH3HMOHHOMY POCTY B CpelaXx MHHHMAJBbHOTO COCTaBa,
CBOOOJIHBIX OT KOMIIOHCHTOB >XHBOTHOTO HPOMUCXOXKJCHHUS, TAaKUX KaK SMOpHOHAJBbHAS TENISUbs
ceiBopotka (DTC). D10 oOOecmeynBaeT MacIITaOMPYyEeMOCTh, SKOHOMHUYECKYI S(P(PEKTHBHOCTH
U CHIDKacT PUCK KOHTaMHUHAIMU. B naHHOM paboTe mpeqIoXeH HOBBIM MOAXOA K CO3JaHHUIO
KJICTOYHBIX JIMHUH, CIIOCOOHBIX K aBTOHOMHOM Iposrdepaliiu 3a CUeT aKTHBAIIH SHIOTCHHBIX TCHOB
(akTopoB pocrta. B kauecTBe Mozpenu ucmnons3zoBaHa JuHMA Expi293F — cycrnieH3MOHHBIN BapHaHT
KJIETOK »MOproHanbHOW mouku denmoBeka HEK293, onTHMU3MpOBaHHBIA ST BBEICOKOILIOTHOTO
KyTbTHUBHPOBAHUS HITPOTYKIINU PEKOMOMHAHTHBIX O€NKOB. J{J1s1 CHU)KEHM S 3aBUCHMOCTH OT 3K30T €HHBIX
(baktopoB pocra npumeHeHa cucreMa CRISPR-Cas9-SAM (cuHEpruvHbIC MEIUATOPHI aKTUBAIUH ),
MO3BOJISTIONIAST M30MPATENbHO YCUIINTh SKCTIpeccuio reHoB [GF-1, FGF-2 n EIF31, kputudecku
Ba)KHBIX 1 iposudeparn. B xome paboTsI OBLTO ITOKa3aHo, 9To MoAu(UIIMpOBaHHbIe THHUH (Expi-
IGF1, Expi-FGF2, Expi-EIF31) neMOHCTpHPYIOT MOBBIIICHHYIO CKOPOCTh POCTa B CTAHAAPTHOM cpesie
¢ OTC. B cpene 6e3 DTC aBTOHOMHBIH POCT BOBMOKEH TOJIBKO MIPHU COBMECTHOM KYJIBTHBHPOBAHHUU
BCEX TpeX MOAU(HUIMPOBAHHBIX JUHMNA. Kpome Toro, mokaszaHo, 4TO KOHIUIIMOHHPOBAHHAs cpena
OT MOIU(HUIHUPOBAHHBIX KJICTOK ITOBEHIMIACT META0ONMICCKYI0 aKTHBHOCTH HAaTHBHBIX Expi293F.
[lomy4eHHble MaHHBIC MOATBEP)KIAIOT, YTO AKTUBALMS SHAOTCHHBIX (DAKTOPOB POCTa MO3BOJISCT
CHU3UTh 3aBUCHUMOCTb KJETOYHBIX KYJIBTYp OT 3K30T€HHBIX N00aBoK. JlanbHeiIias onTuMu3anus
CHCTEMBI MOJKET IIPUBECTH K CO3/IaHHIO MOJTHOCTHIO ABTOHOMHBIX JIMHHH, YTO YIPOCTUT H YACUICBUT
MIPOHM3BOICTBO PEKOMOMHAHTHBIX OCIIKOB IS OMOMEIUIIHHBL.

Qunancuposanue: PaboTa BEIIIOTHEHA TPU MOAACPKKE MUHUCTEPCTBA HAyKH U BBICIIETO 00Pa30BaHUS
Poccuiickoii @enepaunn (PenepainbHas HaydyHO-TEXHUUYECKAs MporpaMMma pa3BUTHS T€HETHYECKUX
Texaonorut Ha 2019-2030 roxer Ne 075-15-2025-518.
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CunapoM yMCTBEHHOMU oTcranoctu 1o tTuny HacumenTo — napymenue passutus LIHC, cBsizanHoe ¢
mucynkiueit rena UBE2A. Tlomumo Hapyniennid pazsutus [ITHC y manueHToB HHOTIA HAOMIOAAI0T
HOPOKHU CepAla. DTOT I'eH KOAUPYET OAHOMMCHHBIH YOUKBHUTHH-KOHBIOTHPYIOIIUI (DEpPMEHT, POIib
KOTOpOTO B HEMpOreHese U KapJAHOoreHes3e 0CTaeTcs ciiabo U3yUeHHOM.

Hamu panee u3 UTICK 3nqopoBoro goHopa 6butH iostydensl u3orernbie UTICK ¢ HokayTom reHa UBE2A.
AHanu3 TpaHCKPUIITOMA IIOKa3aJl, YTO B HOKAayTHBIX HeWpasibHbIX npeamecTBeHHrkax (HI1) uamenena
JKCIIPECCUs PsAJla TEHOB, BOBJICYEHHBIX B KJIIETOUHYIO IIOABMKHOCTD U B PETYIIALIUIO KJIETOYHOIO LIUKJIA.
Taxoke panee ObUTO TTOKa3aHo, 4To HOKayTHEIE MIICK oTmdaioTcs yBeIHmueHHBIM pa3MepoM sipa. B
nanaoit padore UIICK muddepentmposanu B HIT, kapaunomuonutel 1 GuOpoOIacTsl st U3yUSHHS
pa3mepoB siapa. Takke ObLT MPOBENCH IKCIICPUMEHT C i1 Utero SIEKTPONOopannueii SMOPHOHOB MBIIICH
Ha cpoke E13.5 ¢ nenbio u3ydeHus GyHKIIMOHATBHBIX TTOCIEACTBIN HOKayTa reHa Ube2a.

[Ipu HOkKayTe UBE2A y HII oOHapyXeH yBeJIMUYCHHBIH pa3Mmep sijpa, 4ero He ObLJIO BBISBICHO Y
(ubpobnacToB u KapauoMHOIUTOB. [Tpu HOKayTe TeHa Ube2a y SMOPHOHOB MBIIIeH OOHapyKeHa
YCKOpEHHAs MUTpANHs HEHpambHBIX MPOU3BOIHBIX HA cpokax E15.5 u E16.5, a Taxxke moBbIIIeHHAS
IPE/ICTABICHHOCTh HEHPAIBbHBIX KJIETOK, COACPKAIINX MAapKEPhI MPOTU(Epatuil U perTuKalni.
Takum oOpa3om, MBI ITOKa3ajH, YTO B Iporecce HeliporeHesa ren UBE2A BOBICUEH B PETYIIIUIO
MUTrpauy 1 nponudepanui. CpaBHUTEIBHBIC HCCICAOBAHUS Pa3MepoB sapa Tu(GEepeHIINPOBAHHBIX
npom3BoaHbIX UIICK yka3sBaroT Ha TKaHecenn(pUIHbIE PYHKIIMK dTOTO TeHa IpH HelporeHese.
QDunancuposanue: Vlccnenopanue Nogaep KaHo rocyaapcTBeHHbIM 3aganueM «Opranou] cepaua 25-
27», Ne 125030703325-7.
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SLIT-ROBO curHanpHblii yTh IPEACTABISAET HBOJIIOLMOHHO KOHCEPBAaTUBHBIM BHYTPUKIETOYHBII
KacKaJl, OT0CPEAYIOLIN pa3IndHble MPOLECChI, B TOM YHCIIE HAalPaBIEHUE POCTa AKCOHOB, aHTHOT€HE3,
KJICTOUYHYIO aJre3MI0, MUTPALUIO U Mpoaudepannio, IMHAMHUKY ITUTOCKENeTa. Y MIICKOMUTAIOIINX
BBISIBJICHO TpU ceKpeTupyembiXx Jmranaa (Slitl-3) u derbipe MemOpanHBIX perentopa (Robol-
4). K HacrosiieMy MOMEHTY XOPOIIO MOKa3aHa acCOLMAIMs MAaTOTCHHBIX BapuaHTOB B reHax SLIT
u ROBO ¢ pa3nuyuHbIMUA aHOMAJIMAMHU Pa3BUTH, BKIIOYas BPOXKICHHbIE MOPOKU cepiaua. Takxke
OTMeuYeHO, 4TO curHanbHbli kackan SLIT-ROBO crumymupyer akTHBHOCTH (UOpOOIAcToB u
MPOMYKINIO (PHOPMIDIIPHOTO KOJIareHA M CIIOCOOCTBYET pPa3BHUTHIO (PUOpO3a B IMOCTHATAIHHOM
cepane. OnHaKo TOYHBIE MONEKYIIPHO-KJICTOYHbIC MEXaHN3MBI TTaTOTCHE3a 3a00JICBaHUSI OCTAOTCS
He pacupoOBaHHBIMU.

B Hacrosmeil paboTe ¢ MOMOIUIBIO JICHTUBHPYCHBIX KOHCTPYKTOB, HECYIIUX ITOCIICIOBATCIBHOCTU
kopotkux PHK-mmmmex (shRNA), Hamu momydeHB KyJabTYphl CTPOMANBHBIX KIETOK CEpIla
YeJIoBEKa CO CHM)KEHHOH 3kcrpeccueil renoB ROBOI, SLIT2 w SLIT3. IlpoBeneHo uccienoBaHue
a¢pdexra mogasienust SLIT-ROBO curaainpHOTO Kackaaa B OTHOIIECHHH YKCIIPECCHOHHOTO TIPOGHUILST
HEPBUYHBIX KYJIBTYP CTPOMAJIBHBIX KJIETOK CEp/lia, B TOM YHCIIC B OTHOIICHUH TCHOB, OTBEYAIOIINX 32
nporeccsl Gudpo3a u BocmaneHus. B wactroctn, metogom I1L[P B peampHOM BpeMEHH OIpEACICHBI
muddepenmanbHO 3KCIpeccupytomuecst Mapkepsl cpenu reHoB COLIAI, COL3A1, ACTA2, NPPA,
NPPB, MYH7, POSTN, FNI, YAP1, RHOA, ROCKI u TGF-f1 npu Hokaayune reno SLIT-ROBO
CUTHAJIMHTA [0 CPAaBHECHUIO ¢ KOHTPOJIbHBIM KineTkamu (ShRNA-scramble).

Pe3ynbraTsl HACTOALIETO MCCIIEAOBaHMS, a TAKKE MOTY4YEeHHbIE paHee JaHHbIE, MO3BOJIIOT OTHECTH
SLIT-ROBO curHanbHbli IyTh K NEPCIEKTUBHBIM IOTEHIUAIBHBIM TEPAIIEBTUUECKUM MULIEHAM JUJ1s1
aHTU(PUOPOTHICCKON M MIPOTUBOBOCIIAUTEIIFHOM TEpaiy BPOXKICHHBIX 3a00IeBaHUN CepIIa.
Qunancuposanue: Viccnenopanue nonaepxkano rpantom PHD, No 24-15-20026 (https://rscf.ru/
project/24-15-20026/).
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PDGFRo+ kJIeTKH JIETKOro BKJIOYAIOT B ce0S KJICTKH ajbBEONSAPHOW HUINK, MHO-, JHUIO- H
MaTpHUKCHBIC (PUOPOOIACTHI M UTPAIOT BAYKHYIO PONIb B TPOIEccax (pOPMHUPOBAHUS U TOIACPKAHUS
anbpBeon U pereHepanuu. [Ipu 3ToM, He 10 KOoHLA U3yueHo, kak nMeHHO PDGFRa+ kiieTku BAUSIOT HA
HarpasJieHue TU(QEPEHIIPOBKH CTBOIOBOTO ITUTEIHS BO BpeMst Mop(oreHesa.

Lenpro naHHOH paOOTHI ABIsLIACH pa3padoTKa U BepuUKAI MOJICIIH OPraHOMIOB, OTOOpaKaroIeH
B3auMojeicTBre cTBOIOBOTO AnuTenuss 1 PDGFRo+ kietok Me3eHXMMBI B MOpdoOreHese JIerkoro
MBIIIIH.

KreTkun ObUTH BBIZCTICHBI M3 JISTKHUX MOJIOBO3pENbIX Mblmick tuanun C57B1/6. Mesenxuma PDGFRa+,
nonydeHHas ¢ nomoisio MACS, u OpoHxoanbBeosipHBIN cTBONOBOM smmurenuit EpCAM+Scal+,
nonydeHHbI mocie FACS, coyeranu B cootHomeHnn 9:1 u KynsTuBHpoBaiu B Marpurene (Corning)
Bo BcraBkax (Transwell) B Teuenwe 14 cyr. B kauecTBe KOHTPOJS HCIOJIB30BAIM COUYCTAHUE
orpurarensHoi (pakimu Me3eHxuMbl PDGFRo— u EpCAM+Scal+.

[TomyueHHblE TpyNIbl  OPTaHOMJOB  COOTBETCTBOBAIM  XapaKTEPUCTUKaM  OpPOHXHOJSAPHBIX,
ABBEOJSIPHBIX U OPOHX0ATBBEOJIPHBIX OPraHOUIOB MO Mopdororuu, pesynsraraMm [P ananmsa n
umMMmyHodyopecuentrHoro okpammsanus (SFTPC, AGER, CC10, KRT14).

B PDGFRo+ opranounax HaOIOIaI0Ch MOJOKHUTEIBHOE OKpainnBanue Ha o-SMA, Ho He Ha PDGFRa,
YTO, BEPOSITHO, YKa3bIBACT HA BO3MOXKHYIO Mnddepernuposky PDGFRa kinetok B MuopuOpoOnacTsl,
B TO BpeMs kak B PDGFRo— opranonax nonoxurenbHoe okparmBanue Ha PDGFRa Habmonanoch
TOJIBKO B aJIbBEOJIIPHBIX OPIaHOMAX, a OKpAIIUBaHUE Ha 0-SMA IpakTUYeCKu OTCYTCTBOBaIO. o
npomudepupyromux kiaetok B PDGFRa+ u PDGFRo— coctaBuna 31 u 16% COOTBETCTBEHHO.

Takum o6pazom, pazpadoTana Mozenb opranonoB Ha ocHoBe PDGFRo+ ki1eTok, KoTopble, BEpOsITHO,
00€eCIIeUnBAOT MMOTCHIINAIBHYIO AU PEPESHINPOBKY H3HAYAIEHO «HEHTPATHHBIX» IPOTEHUTOPOB KaK
B QJIbBCOJIIPHBIN, TaK U OPOHXMOJSPHBIN SMUTENINH JICTKUX.

Qunancuposanue: Viccnenosanue moaaep:kaHo rpanrom Poccuntickoro Hayaroro ¢onnma Ne 21-74-30015-
1L
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BnuaHwmne aroHncros peuentopos PPARd Ha meTtabonnsm
KapanomuouunToB, nonyyeHHbix us UMNCK

C.B. ITasnosa'?*, JI.A. Coporuna', A.E. [lynsruna!, C.M. 3akusu'-2, E.B. IlemeuTheBa' 2

' Unemumym yumonoauu u eenemuxu CO PAH, Hosocubupck, Poccust
2 Uuemumym xumuueckoil 6uonoeuu u pynoamenmanvroi meouyunvi CO PAH, Hosocubupck, Poccus
* spav@bionet.nsc.ru

KuroueBsble ciioBa: kapananpHas 1uddepeHunpoBKa; co3peBanue kapauomuoruTos; PPARA penentopst

Effect of PPARd receptor agonists on the metabolism
of iPSC-derived cardiomyocytes

S.V. Pavlova-2*, D.A. Sorogina!, A.E. Shulgina', S.M. Zakian"2, E.V. Dementyeva'->
! Institute of Cytology and Genetics, SB RAS, Novosibirsk, Russia

2 Institute of Chemical Biology and Fundamental Medicine, SB RAS, Novosibirsk, Russia

* spav@bionet.nsc.ru

Key words: cardiac differentiation; cardiomyocyte maturation; PPARd receptors

Kapnuomuonuter, auddepennuposannsie 3 MIICK, sBIAOTCS HE3pEIbIMH M HUMEIOT HU3KHHA
YPOBEHBb OKHUCIUTEIBHOTO (ochoprmmupoBanus. st co3peBaHUs KapIUOMHOIMTHI KyTETHBUPYIOT
B CICIMANBHBIX Cpelax, B TOM YHCIE B TPHUCYTCTBHUM aroHucToB penentopos PPARd [1].
AxTuBHpOBaHHBIE perienTopsl PPARA SBISIOTCS TPaHCKPUIIIIHOHHBIMH (haKTOPaMH, KOTOPHIC BIHSIIOT
Ha pa3/INuHbIC TCHHBIC MYTH, B TOM YHCJIE PETYIUPYIOT YPOBCHb YHEPIETUUYECKOr0 MeTaboam3Ma B
kaparomuonuTax. Auddepenmuposannsie n3 UIICK kapaumoMronuTsl KyJI5THBHPOBAIN B CPEIE LIS
co3peBaHus B pucyTcTBUU aroHucToB perentopa PPARd GW0742 (Sigma) u peTHHOEBOM KUCIOTHI
(RA, Sigma) u aHaTM3UPOBAIM KICTOYHOE JbIXaHHE C MOMOIIBI0 TexHoioruu Seahorse (Agilent).
YpoBHHM OTpeOIICHNS KUCIOPOia B 0a3aIbHBIX YCIOBUAX, MAKCHMAIbHOE TOTpEOICHIE KUCTIOPOIa U
pe3epBHas IBIXaTeIbHAS CIIOCOOHOCTE OBLIH BHINIC y KapIHOMHONIUTOB, KOTOPHIC KyJTETHBHPOBAIUCH
B npucyrctBud RA (2.5 MkM), mo cpaBHEHHIO C KapAHOMHMOLMTAMHU B KOHTPOJBHOM cpeae s
co3pesanus. Onnako B npucyTctBur GW0742 (5 MkM) moka3aTeiu KJIETOYHOTO MeTabom3Ma ObUTH
HIDKE 10 CPAaBHCHUIO C KOHTPOJIBHBIMH KapJHOMUOLUTaMU. /laHHBIC HOPMHPOBAINCH HAa KOJINYECTBO
KJICTOK B TIOJNE 3peHus. BpIio OOHapyKeHO, UTO B NPHCYTCTBHH RA B cpene Uit cO3peBaHMUS
KapAMOMHUOLUTHI POJOJIKAIOT JICTUTHCS, TOT/a KaK B KOHTPOJIBHON Cpeie MPOUCXOIIa OCTAaHOBKA
npomudepanui. MoXHO cIenarh MpEeIBapUTEIBHBIA BBIBOI, YTO CO3PEBAHUC KAPIUOMHOIINTOB B
HPUCYTCTBUH PETHHOEBOM KHUCIOTHI, aroHncTa PPARA, mpuBoauT k ctuMynupoBaHuio nponugepanyun
KapIHOMHONIIUTOB Ha cpoke 35-40 muedl muddepeHIpoBKH W MOANCPKAHUIO B HUX IBIXaHUS C

TTOMOIIBI0 OKUCIUTEIHLHOTO (OCHOPHITUPOBAHNS.
Qunancuposanue: ccneaosanune noaaepxano oromxetHsiM npoekroM M ulr CO PAH FWNR-2022-
0015.

Cnucox numepamypul

1. Wickramasinghe N.M., Sachs D., Shewale B. et al. PPARdelta activation induces metabolic and contractile
maturation of human pluripotent stem cell-derived cardiomyocytes. Cell Stem Cell. 2022;29:559-576.¢7. doi
10.1016/j.stem.2022.02.011
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B3aumopericTBne 6enkoB-AproHaBToB ¢ TMopochaTHbIMU CUCTEMAMN
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BaktepuaneHblii  aHTHU(AroBbIi HMMYHHTET 0O0NafacT CIOKHOM oOpraHu3aiell M BKIIIOYACT
pazHoOOpasHble aHTH(AroBble cucTeMbl. belkn-ApronasTsl 1 THOGOCOHATHBIE CHCTEMBI PECTPHKIINN
momudukarmu (TCPM) mmpoko pacmpocTpaHeHbl y OakTepuif M MOTYT B3aMMOJICHCTBOBATS.
AproHaBTel pacno3HaroT U paciemsoT JHK-mumess ¢ NOMOIBIO THIOBBIX OMUTOHYKJIECOTHAOB,
KOTOpbIe TipoayIupytotcs u3 uyxepontoi JJHK. TCPM-cuctembl cOCTOAT U3 MOTYIIS MOTU(DUKAIIAH,
KOTOpHIit BHOCHUT THO(hoCcharHbIe rpymms! B JIHK, 1 MOIysst pecTpUKINK, KOTOPBIH y3HACT U aTaKyeT
Hemomupunmposannyo JHK. Hamu ObiiM mccrenoBaHbl B3aMMOACHUCTBHS AProOHaBTOB M CHUCTEM
TCPM, a Takxe ocoOeHHOCTH Tiporieccura BupycHoit JIHK atumu cucremamu.

HccnenoBanue mpoBoamiu B KieTkax E. coli, sxcripeccupyromux Oenok-Apronast Clostridium
butyricum (CbAgo) m TCPM-cucremy Dnd. Jlsi BBISIBICHHS BO3MOXXHOTO CHHEPTHU3Ma MEKIY
CHCTEMaMH OLICHUBAJIM YCTOMYMBOCTh OakTepuil k ¢aram TS5, P1 n A mpu coBMecTHOM U pa3aeiabHON
skcnpeccun CbAgo u Dnd. Bein mpoBezieH MOHNTOPHHT KMHETHKH OaKTEPHAIFHOTO POCTa M OLCHKA
OmAIIK000pa3yIOIIeH aKTUBHOCTH. BBITIO BBISABICHO YCHICHHE aHTH(AroBoi 3aIuThI MpoTuB (haro Pl
1 A TIpH KO3KcIpeccun obenx cucreM. it nerexknun mponeccunra darooil u xirerouHoi JJHK mer
BBIZICTIMIIN M OTCEKBEHMPOBATIM AproHapT-acconuupoBanHble kopotkue JIHK u3 mHpuImpoBaHHBIX
KJIeTOK. AHaiIM3 OMONIMOTEK, MOMYYeHHBIX C HCIIONB30BAHMEM TOJBKO KaTAMTHYECKH HEaKTHBHOTO
AproHaBTa, BBIIBUI aKTHBHBIN ecCTECTBCHHBIN mporeccuHr ¢arosoit JIHK, dto coorBercTByeT
ycHemHoi perumkaiyu ara. B mpucyrcrsun aktiuBHOTO Apronasra u TCPM-cuctemMbl HaOIIOaI0Ch
CHIDKEHHME MOKpHITHS (parosoit IHK 1 oTCyTCcTBHE MHKOB HA TPO(UIISIX TOKPBITHS, YTO CBUCTEIIHCTBYET
0 nofasieHnn Bupyca. Dxcripeccust TCPM-crncteMs! He m3MeHsAeT MpOo(UIH HOKPBITHS XPOMOCOMHON
JHK. Tuodocarasie MoquduKany He BIUSIOT Ha mpoueccuHr xpomocomuoi JIHK kiaerounsmvu
HyKJIea3aM.

Takum 06pazom, AProHaBTHI CIIOCOOHBI I3MCHATH 3alUTHYI0 akTUBHOCTE TCPM cucTeM u MOTyT OBITH
HCIONb30BaHbI JUIsl aHanu3a npoueccunra JJHK stumu 1 Apyrumu 3alUTHBIMU CUCTEMaMU OaKTepuil.
Qunancuposanue: Viccnenoanue nojiep:xxano rpaatoM Poccuiickoro HayuHoro ¢gonaa 24-44-00107.
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PepakTnpoBaHue reHoB Kap6oaHrugpas a-cemenicTBa

Arabidopsis thaliana npn nomowm sHaoHyKneasbl Cas9
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3a mociegHUE HECKOJBKO JIET OBUIM TOJIyYCHBI SKCIIEPUMCEHTAJbHBIC TOKA3aTeIbCTBA M3MECHCHHN
B yuactkax JIHK, pacmonokeHHbIX Ha HEKOTOPOM paccTossHuu oT Mecta nHrerpanun T-JIHK. s
T-AHK mHIynnpoBaHHBIX MYTAaHTOB MOCIEICTBHS IIETICBOIl MyTaIlMl MOTYT OBITh 3aMacCKHpPOBAHBI
U3MeHeHUsIMU B Jipyrux ydactkax JJHK, 4ro npuBeno k nucnonb3oBaHuio 60s1ee TOYHBIX TEXHOIOTHi
JUISL CO3/1aHMS MyTalllii — HHCTPYMEHTOB peIaKTUPOBaHUs FeHOMa ¢ ucroib3oBanreM CRISPR/Cas9.
Hamm wmccnemoBanmst moxaszamu, uto kapOoanrmapassl (KA) — depMeHTBI, KaTamu3upyromme
B3aUMOINpEBpaIieHue (OpM HEOPraHUIECCKOTO YITIEpo/ia, UTPaloT BasKHYIO POk B oTocuHTe3e. [ist
nonydeHust CRISPR/Cas9 myrtanToB Arabidopsis thaliana no renam KA o-ceMeiicTBa HCTIONB30BaTH
MHCTPYMEHTBI PEIAKTUPOBAHUS U BHECECHHUS TOYCUHBIX MyTallMi, oOJNajaromue pasindHon
3¢ (hEKTHBHOCTBIO MyTareHes3a JijIsl KakJI0ro u3 reHoB. [Ipu penaktupoBanuu akKA4 (At4g20990) B
nokoneHnu TO ObuTa ONMyUeHA TOYEUHAsT MyTalusl, IPUBO/AIIAS K COOI0 paMKH CUMTBIBAHUSA, U YXKe
B CJIEAYIOLIEM MTOKOJIEHUH OT CaMOOIbUIEHUS OBbIJIM BBISIBIEHBI TOMO3UTOTHI [10 MyTallU B 3TOM I'€HE.
HoxayT rena a K44 noBIUsT HA YPOBEHB 3KCIPECCHUH Psiia TCHOB, KOAUPYIONNX OeKH (OTOCHHTE3A,
TeHOB, MHAYLUPYEMBIX MMMYHHBIMH CUTHQJIAMU PAcTEHUH, a TaKXKe CKa3blBaJICS HAa HW3MEHEHHH
(DOTOCHHTETHUYECKHUX XapaKTEPUCTHK.

st penaxtupoBanust aKA2 (At2g282 10) ncnonn3oBanu a8e Hanpaisitonux PHK, u yxe B mokoneHnmn
TO ObUIO BBIABICHO PACTEHHE, HECYIIEE B ONHON KOMMU TeHa OONBIIYIO JIENEIHI0, a BO BTOPOH
KOITUM TeHA — HEOOJBIIYIO ACICHUI0, COBMCIICHHYIO C WHBEPCHEH, W SBILIIOIICECS TOMO3UTOTOU
no mytammu. s penaktupoanus oKAS5 (At1g08065) 6bpu10 0TOOpaHO JIBE Maphl HAMPABISIONINX
PHK, omnaxo cpenu 150 mpoaHann3upoBaHHBIX PACTEHUH HE OBLTO BBIIBICHO HH OJHOTO MYyTaHTA.
Bo3mokHast mpudarHa HU3KOH 3((PEKTUBHOCTH PEIAKTUPOBAHUS KPOETCSl B BBICOKOM mporieHTe AT
map (66%) B KOOUPYIOMIEH MOCISIOBATEIIFHOCTH 3TOTO T'€Ha, YTO IPEICTABIICT COOOH TPYIHOCTH MTPpU
PEIaKTUPOBAHUU C MIOMOIIBIO SHAOHYKIea3bl CasY, koTtopas opueHTpoBana Ha PAM NGG.
QDunancuposanue: Viccnenosanue nojaepxano rpantom PH® 23-14-00396.
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Paznuuumsa B ramkonpoTtemHax  BO3MOXHOCTb paHHero 3auTHoro
AencTeua ¢ ncnonbsoBaHmnem KIMB Ha ocHoBe ApendoBbIX BapuaHTOB
Bupyca rpunna A/H1N1pdm09
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Differences in glycoproteins and potential for early protective efficacy
of LAIV based on antigenically drifted A/H1N1pdm09 influenza
virus variants
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Pacnipoctpanenne SARS-CoV-2 cHmKaeT UPKYIAINI0 BUPYCOB TPUIIIIA, YTO MOXKET CIIOCOOCTBOBATh
TIOSIBIICHUIO HOBBIX aHTHTCHHBIX BaPHAHTOB. DBONIOIUS BHpYCa CBsI3aHA C aHTUTCHHBIM Ipeiidom,
U3MCHSIOMNM CTPYKTypy mukonporenHoB HA u NA. Illtamm A/HIN1pdmO09 ¢ 2009 r. nperepmnen
3HAYUTEIbHBIC M3MCHEHUS, TpeOysl OOHOBIICHHS BAKIWHHBIX MTaMMOB. JKUBEIC aTTeHyHpPOBaHHBIC
BakimHel (OKI'B) — mepcnexkTuBHOE CpPEACTBO MPO(UIAKTHKH, CTUMYIHPYIONIEC KOMIUICKCHBIN
MMMYHHBIH OTBET. B oTiiidme oT nHaKTHBUPOBaHHEIX, JKI'B criocoOHEI ipephIBaTh epenady BHpyca,
YTO OBLIO MTOKA3aHO B MACIITAOHBIX UCCIICJOBAHUSX.

B pabote n3ydeHBI BaKIIMHHBIC IITAMMBI Ha OCHOBE IBYX BapuaHTOB japetioBoro Bupyca A(HINT)
pdm09: A/South Africa/3626/13 (A/17/SA/2013) u A/Guangdong-Maonan/SWL1536/2019 (A/17/
GDM/2019). MetogaMu CTPYKTypHOW OHOJIOTHM H3YYCHBI TMATTEPHBI DIUKO3MIMpOBaHUs HA
BaKIMHHBIX MITAaMMOB. /1 vitro oueHena npoaykuus IFN-I 1 MX1 Genka. PanHroro 3amury u3yvann
Ha MbIIIaxX yepe3 6 Hel mocie HHTpaHa3albHOM HMMYHH3ALIUH.

Baknunnsie BupycsA/17/SA/2013uA/17/GDM/2019 nokazanu pa3Hble NaTTEPHBI ITTUKO3UIMPOBAHUS
HA. IIpu paBHOI MHOXECTBEHHOCTH MH(DEKIIMK B KICTOYHOH KylIbpType AS549 Bupyc A/17/SA/2013
BBI3BIBAJI TMOBBIMICHHYIO TpoayKiuio IFN-I u 6enmka MX1 no cpasrenuto ¢ A/17/GDM/2019, xots
pasnuyus He ObLIM CTaTUCTHYECKU 3HAYMMBIMH. B IbIXaTeNbHBIX MyTAX MBIIIEH pernponyKTHBHAS
aktuBHOCTh mTamMmma A/17/GDM/2019 Owima He HWXKe, a WHOTHa Bhime, yem y A/17/SA/2013.
Nvmyrnzanus mrammoM A/17/SA/2013 ctumynupoBana 3HaduMbIi npupocT IgM u IgG yxe Ha B
1-it Henene u obecrnieunBana 70% 3amUTy MBIIIEH OT JETAIBHOCTH HPHU 3apaXKCHUH TOMOJIOTHYHBIM
BHUPYCOM T'PHIINA, aJalTUPOBAHHBIM K MBIIIAM.

Paznuuus B mimko3unupoBanud HA BIUSIOT Ha HUTOKWMHOBBIM M aHTUTEIBHBIM OTBET, a TakkKe Ha
s pexTuBHOCTS BakuuH. [llTaMMBl, BEI3BIBaIOIINE O0JIce BEIPAKCHHBIH HHTEP(PEPOHOBBIN U paHHHN
OTBET AaHTHUTEN, 00CCIIEUNBAIOT JTYUIIYIO 3alUTY OT TOMOJIOTHYHOTO BUpYCa IPUMMa. DTH 0COOCHHOCTH
Ba)KHBI IIPH BBIOOPE BaKIIMHHBIX ITAMMOB JUTS TOBBIICHUS () (PEKTHBHOCTH UMMYHOTIPO(DUITAKTHKH.
Qunancuposanue: ViccienoBanue nojyiep:xkano 3a cuet cyocuanu MunoopHayku PO, tema Ne FGWG-
2023-0002.
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CaMBIM TOMYJSIPHBIM M MIHPOKO Hcmonb3yeMblM MetogoM CRISPR/Cas pemakTupoBaHUsl reHOMa
CBUHEH SBISICTCS MHUKPOWHBEKIHUS JIHOO DSIEKTPOIOpaIHs PHOOHYKICOIPOTEHIHOTO KOMILICKCA,
cocrosmero u3 Oenka Cas u rumoBoid PHK. CuHTe3 mocnenHeil — MHOTOCTYIIEHYAThIH TIpoliece,
OT KOTOPOTO BO MHOTOM 3aBHCHT YCHEIIHOCTHh peHakTHpoBaHus. OOBIYHO CHHTE3 OCYIIECTBISCTCS
¢ mrasmuasl npu nomomu (epmenta T7 PHK-momumepassl. IIpu 3TOM KpPUTHUECKH BasKHO
o0ecIeunBaTh BHICOKYIO d((PEKTUBHOCTh OCTAHOBKH TPAHCKPHITIHH, YTO MOXKET OBITH TOCTUTHYTO
MyTeM PECTPUKIIUH BEKTOPA, a TAKKE UCTIONIB30BAHUS Oonee 3((EeKTUBHBIX TEPMUHATOPOB.

At 5pPeKTUBHOTO peaaKTUPOBaHISI TEHOMOB CBUHEH OBbITa CO37aHa BBICOKOKOIMITHAS TIIa3MUAa C
YCOBEPILIEHCTBOBAaHHBIM T7-TepMUHATOpPOM, Kyaa MeTogoMm GoldenGate ¢ oTpuiaTenbHON ceneKIuei
Ha CTPENTOMHUIIMHE MOXKET OBITh KJIOHHpPOBaHAa HEoOXoaMMas MOCIeIOBaTeIFHOCTE Cclieiicepa
runoBoii PHK. PaboTocnocoOHOCTh KOHCTpYKIIMU Obliia ipoBepeHa metonoM in vitro CRISPR/Cas9-
onocpenoBanHoro peaakrupoBanus (ICE) na nmpumepe nByx runoBeix PHK  reny CD163.
Hapa6otka runosoit PHK nposogunacs ¢ ucnonszoBanueM Habopa T7 High Efficiency Transcription
Kit (Transgen Biotech). IlocienoBarenbHOCTh ISl penakTHpoBaHWs JuIMHON 1096 mH Obula
Hapaborana metonoM 1P ¢ o6pasnos JIHK cBuneit nopox nanapac u Hopkmup. PenakrupoBanue
nposoawiiock B Oydepe 3.1 (NEB) ¢ ucnonb3oBanuem 6enka Cas9 (Biolabmix). [Tocie oOpabotku
PHKa3011 u nporenHa3oi pOoLyKThl PeaKLIMK BU3yaIU3UPOBAIUCH B arapo3HOM rene. AHallu3 oKas3all
yCIIEITHOE pa3pe3anue penakrupyemoro pparmenta RNP-koMiuiekcom ¢ o0pa3zoBaHmeM GpparMeHTOB
0XKHJIa€MOI0 pazMepa.

Qunancuposanue: ViccnenoBanue BBITOIHEHO NMPU (PMHAHCOBOW MOAEp)KKe MUHHCTEPCTBA HAYKU U
BBICIIeTO 0OpazoBanus Poccuiickoit deneparum, rpant Ne 075-15-2025-014 (Ne 075-15-2024-666).
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YAP/TAZ, sBnssch TPaHCKPUIIIMOHHBIMU KOAKTHBAaTOPaMH, KOHTPOIHMPYIOT mpoiudepanmo,
1 depeHITPOBKY, METPAITHIO H BEDKUBAEMOCTH KIIETOK. AKTHBHOCTE YAP/TAZ perymupyeTcs CeThio
CUTHAJIbHBIX MyTeH, B TOM 4McIlie MEXaHMYeCKUMH cTUMynaMu [1]. TlockonbKky B SHAOMETPHUH 3TH
MIPOIIECCHI 0COOCHHO TUHAMUYHBI BO BpeMsI JCIUAYaTH3aluy U UMILIAHTAINY, & 3HAHHS 0 ponu YAP/
TAZ curnanunra B 3TOH TKaHH (parMEHTAPHBI, UCCICIOBAHNS B 3TOM HAIlPaBICHUH NPEICTABISIOT
0coOBIi1 mHTEpEC.

Hama paGora mocBsiieHa BBIACHEHHIO MeXaHM3MOB perymsimun YAP/TAZ B ¢opmupoBanun
MMIUTAHTAIIHOHHOW HHIIHM B DYHIOMETPHH MBIIIA HA MOICITH C(HEPOUIOB M3 CTPOMAIBHBIX KIETOK
SHIOMETPHSI U CTPOMATIBHO-3TUTEIHATBHBIX OPTaHOUI0B, COKYJIBTHBUPYIOLIUXCS C SMOPHOHOM.
Panee Mbl 0OHapyX iU, 9TO aKTUBHOCTh YAP/TAZ n3MeHsieTcsl BO BpeMs UMIUIAHTALMH in VIVO H
3aBHUCHUT OT KOHTaKTa 3MOpHOHA ¢ 3HAOMETpHueM: Ha crtaanu ES5.5 YAP nokanusyeTcs Ha rpaHMIiax
KJICTOK B OdYare MMIUIAHTAIMH, TOTJa Kak BHE 30HBI KOHTAKTa M Ha Ooiee TO3MHUX CTaIUsIX
npeodyasaeT ero siiepHas JOoKanu3aus. Pe3yasTaTel MpOTOYHOW IUTOMETPHM IIOKas3ald, 4TO B
mporecce nenuayanm3anuu Oompiras dacte CD90" cTpoManmbHBIX KIETOK — CyOIIOMHHATBHOU
MOMYJIALINY, YBEJINYUBAIOIIEHCSl B IEPHOA UMILIaHTAIMK, — SKcrpeccupyeT YAP, urto ykasbiBaeT Ha
€r0 BO3MOXKHYIO POJIb B COXpAaHCHUH (DEHOTHIIA TTOTTYJISIIHH.

Wurnbuposanne axtuBHocTH YAP/TAZ Bepremoppuuom Ha E8.5 BbI3BIBacT yTpaTy saepHOU
mokamm3anun YAP w He Bmmser Ha TAZ B [enuayainbHBIX KJIETKaxX OJHAOMETpus. Takue
KJICTKH HE MpOXOomAT (YyHKIHOHANbHYIO nuddepeHmpoBKy u cmabo skcrnpeccupyor CDIO.
B HeuMIUIaHTalIMOHHONW MOJENH 3MUTENIHATbHO-CTPOMAIIBHOIO OpraHouzia noaasieHue YAP
INPUBOAUT K yTpaTe HHUIIEBOTO pacnonoxkenuss CDY0" kneTok, morepe anuko-0azanbHON HONSIPHOCTH
u TpaHcopMamuy KyOWYEeCKOTO OSIHUTENHS B IUIOCKHHA. DTH pPE3ylbTaThl IOATBEP)KIAIOT, YTO
HONSAPU30BaHHBIN IUTENUH HeoOXomuM 1 nogaepxkanus CD90* genoTuna, 1 mpeanonaraoT, 4To
B3aMMOJICHCTBHE SIUTEIHS U CTPOMBI oriocpenyercss YAP/TAZ-3aBHCUMBIMU CHTHAJIAMHU.
Qunancuposanue: ViccnenoBanue nojyepxano rpantom PH® MBP PAH, Ne 21-74-30015-I1: https://
www.rscf.ru/project/21-74-30015/

Cnucok numepamypul

1. Piccolo S., Dupont S., Cordenonsi M. The biology of YAP/TAZ: hippo signaling and beyond. Physiol Rev.
2014;94(4):1287-1312. doi 10.1152/physrev.00005.2014
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Cucrema reHomHoro penaktupoBanus CRISPR/Cas9 mmpoko mpuMeHsSeTCs B MOJCKYISIpHON
OMOJIOTHY M TCHETHUYCCKOH MHKeHEepHH. J{n3aifH 1 MCIOIh30BaHNE XUMIYCCKH MO (PHUITIPOBAHHBIX
Hanpasisonmx PHK ocraercss akTyanbHBIM HampaBieHHEM B OO0JACTH HCCICIOBaHMS CHCTEM
penaktupoBanust reHoma Ha ocHoBe CRISPR/Cas9. B nmaHHO# paboTe MpPOBEICHO HCCIICAOBAHHE
BIUsIHUSA MonuduKanuii B coctase Hanpasistomux PHK na aktuBHOCTs CRISPR/Cas9 cuctemsl in
vitro. Tlpu CpaBHHTEIFHOM HCCICHOBAHUU 3(P(QEKTHBHOCTH PACHICIUICHHS MOICIBHON IUIA3MHIBI
nykneazoit SpyCas9uz Streptococcus pyogenes B kominekce ¢ Hanpasisitomiumu sgPHK, conepaxammmvu
2’-¢ptop-, 2°-O-MeTHII- B [e30KCUPUOOHYKIICOTHIBI, & TAKXKE B IPUCYTCTBUH HEMOAN(DUIINPOBAHHON
sgPHK, nponemMoHcTpupoBaHO cHUXkeHUE creneHu pacierienus JJTHK-Mumenu, oqnako ormeueHo,
qr0 B TpHCyTCcTBHH 2’-propmonudurmposannoit sgPHK nabmomamocs pacmerenne 6omee 50%
cyoctpara. C momoliplo Metofa MHTEpdepoMeTprudeckoil pacceuBatoineid Mukpockoruu (MPM)
BO3MO)KHA PETHCTPAIMS MOJCKYISIPHBIX MAacc OTAENBHBIX MOJNEKyl. B manHoil pabore mpoBemeHa
oreHka meroga MPM ans uccnenoBanuss OMOXUMHUYECKUX CBOMCTB sHAOHYKIea3sl SpyCas9 u ee
KoMmIuIeKca ¢ Hampasisttoneld sgRNA. Takum oOpa3om, OblTa onpezescHa COOTBETCTBYIOMIAs paHee
OXapaKkTepu30BaHHOM MoneKyispHas Macca SpyCas9 (155,9 k/1a), nns SpyCas9 [1]. [Ipu onpeneneaun
MoJeKyisipHoi Macchl SgRNA peructpupoBaiu kak oOpa3oBaHue MoHOMepHOU (opmbl (38 k/la),
Tak U auMepoB (67,05 k/la). B mpucyrctBun sgRNA u SpyCas9 monekynspHas macca cMenanach
u coorBercTBoBana 184,9 k/la, uTo ykaseiBaeT Ha (opMupoBaHHEe KoMIUTekca. [Ipu mccnemoBanun
CTaOMIBHOCTH U CTEXMOMETPUH 00pa30BaHMs KOMILICKCA SHIOHYyKIIea3sl SpyCas9 ¢ HanpapsIonMu
sgPHK ¢ TeueHumem BpeMeHM CyMMapHas Macca KOMIIOHEHTOB KOMIUIEKCA COXpaHsIach B TEUEHHE
HECKOJIBKUX 9acoB. Takyke HaOMIo1aIM KpaTHOE YBEIMYCHUE MACChI KOMITIEKCA, YTO MOXKET YKa3bIBaTh
Ha 00pa3oBaHUE TUMEPOB.

Dunancuposanue: Viccnenosanue nogaepxano PHD Ne 21-64-00017-I1.

Cnucok numepamypol

1. Nishimasu H., Ran F.A., Hsu P.D. et al. Crystal Structure of Cas9 in Complex with Guide RNA and Target DNA.
Cell. 2014;156:935-949
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bonesns Ilapkuucona (BII) mpeacraBuser co6oif MyneTH(akTOpHOE HEHpOAETCHEPAaTHBHOE
3a0oieBaHme, B MATOTeHE3¢ KOTOPOTO yYacTBYIOT KaK TEHETHYECKUE, TaK M DK30TCHHBIC (DaKTOPEI.
[Tarorene3 Oome3HM CBsi3aH C MOTeped AO(GaMUHEPTHYECKUX HEHPOHOB B YEPHOH cyOCTaHIMU
TOIOBHOTO MO3ra. B rubenn HEHpOHOB 3a1eiicTBOBaHBI MHOTHE MEXaHHU3MBI, CPEOH KOTOPHIX
HelipoBocTaneHue, JUCQYHKINS MHUTOXOHAPHH, OKUCIUTEIBHBIN cTpecc. BBIIBICHO HECKOIBKO
TCHOB, MyTaIllU B KOTOPBIX MOTYT OBITH CBSI3aHBI ¢ pa3BuTHeM 3aboieBanust: SNCA, TeHBI ceMelcTBa
PARK (wampumep, LRRK2, PARK2, PINKI), GBAI. CymecTByIOT TaKXe¢ IOJUTCHHBIC MOICIH
pa3BUTHS 3a00JIeBaHMs, KOTOPBIC MpeAroiaraft, 9to bII Moxer OBITH cIeICTBHEM KOMIUIEKCHOTO
B3aUMOJICHCTBUSI MHOXKECTBA TEHETHUECKUX (DaKTOPOB, T. €. COBOKYITHOCTh HECKOJIBKHUX U3MCHEHUH B
TCHETHYCCKOM MaTepHajIe MOKET YBEIHMUNBATH BEPOITHOCTE Pa3BUTHS TAHHOTO 32a00JICBaHSL.

B Hameit pabote npoBeaeH aHaIM3 JAHHBIX 3K30MHOTO CEKBCHMPOBAaHHUS 32 MAIMCHTOB C PAaHHUM
HaganmoM bIl m/wmm umerommx ciydam 3a00JeBaHUs B CEMEHHOM aHaMHe3e. Beumm oToOpaHBI
TCHETUYCCKUE BapUaHTHI, OKA3bIBAIOIINE 3HAYMMOC BIMSHHE HA CTPYKTYpy OCIKOBOW MOJEKYIHI,
KOAMpPYeMOW JaHHBIM TeHoM, Mo amroputmy [IO Genomenal. IlpoBermeHo KapTHpoBaHHE
OTOOpaHHBIX TCHETHMUYECKHX BAPMAHTOB HA CHUTHAJbHBIC IyTH, NPEJCTABICHHBIC B 0a3e JaHHBIX
KEGG. B 06onpLMHCTBE MCCIEIOBAaHHBIX SK30MOB MAllMEHTOB BBISABICHBI 3HAYMMBbIE HW3MEHEHMS
MOCJIEA0BATCIFHOCTEH T'eHOB, 3a/CHCTBOBAHHBIX B PHEPreTHUECKOM MeTaboim3Me KieTok. Oxoio
20 % manueHToB C paHHUM HayajoM Tak)Ke UMEIOT n3MeHeHust B rene CASPY. 3anadeii qanpbHeHmmx
UCCIICJIOBAaHUHN SIBISCTCS SKCICPUMEHTAIBHOE MOATBEP)KIACHUE BKJIAAA BBISIBICHHBIX TCHETHUCCKUX
BapHUaHTOB B DHEPIETUUCCKUI METaOOIM3M HEHPOHOB C TIOMOIIBIO KICTOUYHBIX MOJETIeH Ha OCHOBE
UIICK ¢ npuMeHEeHHEeM METO/I0OB TEHOMHOT'O pPEIaKTUPOBAHUSI.

Qunancuposanue: Vccnenosanue mnoanepxano rpantom PH® No 23-15-00224 (https://rscf.ru/en/
project/23-15-00224/).
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Oligonucleotide chaperones of heterogeneous
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JocrtynHoe JieueHue psjia HEHpoJereHepaTHBHBIX 3a00J€BaHUN W3 TPYMIBl MPOTCHHONATHH HE
3aTparuBacT NEPBUYHBIC MTATONOTHYCCKIE MPOLECCH, BKIIFOUAs HEMPABIIBHYIO YIIAKOBKY OCIKOB U
HAKOTIJICHNUE TOKCHYHBIX OCITKOBBIX arperaroB. PemeHremM MOTyT CTaTh CTAOMIN3aTOPhI HEMATOr€HHBIX
0CJIKOBBIX KOH(POPMAIN — CHHTECTHICCKHE MOJICKYIIPHBIC MIalepOHBI. [lepCcrieKTHBHON MUIICHBIO
IIATICPOHOTEPANuH SBISIFOTCS TETEPOTCHHBIC siAepHble puboHykieonpoTenHsl (hnRNP). B paborte
MIPEACTaBIICH TIEPBEII IPUMEpP pallMOHATIBHOTO qu3aiiHa marepoHoB hnRNP Al, arperarsl KOToporo
CITy’KaT MapKepamMu OOKOBOTO aMHUOTPO(HUUYECKOTO CKIIEpo3a U TOOHO-BUCOYHOM JIEMEHIINH.

Jlu3aiiH marnepoHOB OCHOBBIBAJICS HA MaHHBIX 1o crenupuanoctn PHK-y3naromero motusa (RRM)
u 3Haunmoro juist arperaiuu RGG-motuBa hnRNP Al k sagorennsiv PHK n JIHK. Marunbupyrommit
OenxoByro arperanuio RGG-cBs3bIBalOMMN OMUTOHYKICOTH ObLT momoiHeH RRM-cBs3piBarommm
(parmentoM; B caxapodocdaTHbiii 0CTOB ObLTH BBEACHBI MOIM(MUKAIMH JI ONTHMH3AINUN €r0
TEOMETPHUH U 3aIIUTH 0T Omoxerpamanui. CpoIcTBO MOMYYCHHBIX aHAIOTOB OJMTOHYKJICOTHIOB K
hnRNP A1 oneHuBamu METOIOM MHKPOMACHITAOHOTO TepModopesa, a MIANCPOHHYI0 aKTUBHOCTh —
MeTomaMu (hIYOPUMETPUH U MUKPOCKOIIHH.

YeranoBneHo, uyto MuHHManbHbel JIHK-manepon RGG-comepkamux O€nkoB — T'yaHHHOBBIN
kBanpymieke (G4) — B3ammoneiictByer ¢ hnRNP Al nuiib B BBICOKMX KOHIEHTparusax. OHAKO
npucoenuHeHne RRM-cBsi3bIBaroniero ¢parMeHTa HOBBICHIIO 3(¢EKTUBHOCTL CBs3bIBaHUS. [Ipn
3TOM UHruomropHoe neiictBue G4 Ha arperammto hnRNP Al coxpanwiocs. Momudukamun RRM-
CBSI3BIBAIOIETO (pparMeHTa, (GPUKCUPYIOIINE TEOMETPUIO caxapodocaTHOTO OCTOBA B XapaKTEpHOU
st PHK xordopmanum, monokuTensHO CKa3aInuch ero Ha ah(UHHOCTH K MUIICHU U MIalepOHHON
AKTUBHOCTH.

Takum oOpa3om, Ha mpumepe hnRNP Al mokazaHa MepCHEKTHBHOCTH PaIlMOHAIBHOTO JAH3aiHa
OJIMTOHYKJICOTUAHBIX ~IIAllCPOHOB K  arperHpyIolMM pHOOHYKJIEONPOTEHHAM, B  KOTOPBIX
OTBETCTBEHHbIE 3a arperauyio HEyNopsSAOYEHHbIE YYacTKH IPHJIEraloT K CTPYKTYPUPOBAaHHBIM
RRM. PamuonaneHblii Jgu3aiiH  BKIOUaeT KomMOuWHUpoBanne RRM-cBs3biBaromield wactu ¢
(parMeHTOM, MHTHOUPYIOIIMM arperanuio, ¥ MOCIEAYONIYI0 ONTUMH3AINI0 TyTeM MoIu(uKamm
caxapoocgaTHOro 0CTOBa MIANEepPOHa.

@unancuposanue: Viccnenopanne nogaepxkano '3 Ne 17.002.24.800 «Illamrepon».
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Using the aptamer-fluorogen system for visualization
of SARS-CoV-2 biocondensates

J.I. Svetlova'*, D.A. Shirokov!, T.S. Vedekhina', A.A. Aralov?, A.M. Varizhuk'
'SRI PCM named after Y.M. Lopukhin FMBA of Russia, Moscow, Russia

2IBCh RAS, Moscow, Russia

* j.i.svetlova@gmail.com

Key words: biocondensates; aptamer-fluorogen system; quadruplexes; SARS-CoV-2

AKTyanbHOW 3ajadeil sBIsieTcsl pa3paboTKa HOBBIX MPOTHBOBHPYCHBIX TpENapaToB, B TOM YHCIEC
qutst reparm SARS-CoV-2. [lepcniexktuBHas mumieHs — PHK-GenkoBbie OMOKOHIEHCATHI, 3HAYNMEBIE
JUTS pETUTMKAIIK ¥ cOOpKH BUPUOHOB B KiieTke [1]. TecTupoBaHue HalleICeHHBIX HA HUX MPErapaToB
TpebyeT Bu3yanm3upoBars BupycHyo PHK. Jlnst aToro MbI mpemaraeM HCIONB30BaTh TEHETHICCKU
KOAMpYyeMylo cucTeMy antamep-guyoporeH [2]. Ona yxe Obuia onmpoOoBaHa Ha OaKTepUATBbHBIX
PHK [3]. Oanako ee mpuMeHUMOCTH JUIsi OnokoHaeHcatoB SARS-CoV-2 moria momemarb Kpocc-
peaxtuBHOCTh Mexay PHK-mmunbkoil BUpycHoro renoma u anramepom. Haia 3agada — mposepka
CEIICKTHBHOCTHU (DIIyOPOTCHOB K anTamepy MMpH HaJHYHH MPUKPEIUICHHOW K HeMy BupycHoi PHK n
BJIMSIHUSL anTaMepa Ha (QyHKIIMOHAILHOCTh BUPYCHOW WIMUJIBKH, T. €. €€ CIIOCOOHOCTh BKIIFOYATHCS
B KoHAeHcAThl. CeNeKTHBHOCTh (DIyOpOTCHOB OICHUBAIKA METOIOM (IIyopHuMeTpuH. BimsHue
antamepa W PHK-mmmnbku Ha QonmuHr apyr apyra OICHHMBal M 1O JaHHBIM CIIEKTPOCKOIHU
KpyroBoro amxpousma. [lokazana HeOOINbIIAsI CTETIEHb KPOCC-PEaKTHBHOCTH, KOTOpPask HE TIPHBOIHUT
K KpUTHYecKoMy cHIDKeHHuIo “light-up” a¢dexra. Cucremy TecTHpOBaId B MOJCIBHON KICTOYHON
muann HEK293T. TpoBoauiu coTpaHcEKINIo MTa3MuIaMy, Koaupyromumu PHK-mmuieky cimTyro
C anTaMepoM M HyKJICOKAIICUIHbIH OeNok-niapTHep, ciuThbli ¢ GFP, a 3ateM orneHuBamn BU3yaaInu3amnuio
000MX KOMITOHEHTOB METOIOM (PIIyOPECLEHTHONH MHUKPOCKOITHH.
o urory Hamu OBIJIO ITOKA3aHO, YTO CHCTEMa anTamep-(iayoporen moaxoanT ais Busyanusauu PHK
KOMITOHEHTA BHYTPHKJICTOUHBIX OnokoHaeHcaToB SARS-CoV-2.
Qunancuposanue: VccrnenoBanue momaepxkano rpantom PH® Ne 24-25-00486 (https:/rscf.ru/
prjcard_int?24-25-00486).
Cnucok numepamypul
1. ChauB.A,, Chen V., Cochrane A.W. et al. Liquid-liquid phase separation of nucleocapsid proteins during SARS-
CoV-2 and HIV-1 replication. Cell Rep. 2023;42(1):111968
2. Zhang J. Development of Genetically Encoded Near-Infrared Fluorescent Light-up Aptamers for Live-Cell RNA
Imaging. Diss. 2021. doi 10.11588/heidok.00029884

3. Bychenko O.S., Khrulev A.A., Svetlova J.I. et al. Red light-emitting short Mango-based system enables tracking a
mycobacterial small noncoding RNA in infected macrophages. Nucleic Acids Res. 2023;51(6):2586-2601
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B MenummHe «HOpMay — aHCAaMOJbh KaYEeCTBCHHBIX U KONMYCCTBCHHBIX MPU3HAKOB, YhC OTCYTCTBHE
o3HauaeT Ooje3Hb. CTATHCTHUCCKUE METOABI MO3BOISIOT OTIMYUTH HOPMAalbHBIC NPU3HAKH OT
aHOMaJbHBIX. HeCMOTpsl Ha COBEPIICHCTBOBAHWE MAaTCMATHYECKHX MOJEICH, MpodieMa OCTaeTcs
akTyanpHOM. llenpio Hamero wucciefoBaHUS ObUIO NPUMEHUTH COBPEMEHHBIC CTAaTHCTHYCCKHE
METOIBI OIpeAeTCHUsT pe()ePECHCHBIX HMHTEPBAJIOB ITOKA3aTeNsl TEMOINIOONHA, C IIENbI0 CPaBHCHMUS
3HAYCHUH pedepeHCHBIX HHTEPBAIOB, MOJYYCHHbIX Ha Oonbimmx naHHbIX KIAJI mas pasHbIx
MOITYJISANUH. J{OTTOTHUTETFHO, MBI TIPOBEIH aHATH3 KOHIICTIIIHIA, OIIMCHIBAIOIINX «HOPMY» KaK OOBEKT
TCOPETHUCCKOTO MHTepeca. MBI NMpoaHaIM3UPOBAIN MOKA3aTEIM TEMOIIOOMHA y HCCIEAYEMBIX,
cnaBmux aHanmsbl B 2017 1, 2 745 934 oGcepBainuu U3 pasHbIX permoHoB Poccuu. JlanHble ObUTH
pa3zouThl Ha Bo3pacTHbie Koroptel: 7—10, 10—12, 12—-15, 15-18, 18-50 u 50-65 net. [lenenue Takxe
ObUTO 1 IO ToMTy. M3 Habopa JaHHBIX OBUTH MCKITIOUCHBI OITMOKY BBOJA M 0OCEpBAIINH, IS KOTOPBIX
KO3 (QUIIHMEHT BapHaIlM, PACCUNTAHHBIN JUIA ABYX PEIUIMK OJHOTO MCCIIEAYyEMOT0, COCTaBMI Oojee
10%. Wcmonms3ys MeToms! pacyera Xohdmana, refineR, Kosmic, Ob11r mOTyUCHBI BEpXHHE W HIDKHHE
HOPOTOBbIC 3HAYCHUS. JIJI1 PerHoOHOB ¢ OOJBIIMM KOJMYECTBOM 3a HIDKHHMM IOPOTOM 3HAUCHHIN
reMoroOnHa OBUT paccyuTaH peepeHCHBI WHTEPBAI W IPOLCHT aHOMAIWN TPH PErHOHAIHHOM
crienu(puIHOM pehepeHCHOM MHTEepBasie. b0 Takke 0TMEUEHO, YTO y JKeHIIHH ¢ 12 u 1o 53-55 ner
BAapUATUBHOCTh B 3HAYCHUSAX I€MOIVIOOMHA BBILIE, YeM Yy MYXYUH. MHOruUEe BO3pacTHBIE TPYIIBI B
Pa3NUYHBIX PETHOHAX YKIAIBIBAIOTCS B OOIMICHIPUHSTHIC pe(hepEeHCHBIE HMHTCPBABL, TSI HEKOTOPHIX
TPyIII B ONpENENCHHBIX reorpaduiecknx 30HAX HAOMIOMAIOTCS CKOIICHHBIE W OWMOMaibHBIC
pacrmipenenceHusl. JICBOCKOIICHHBIE PACHPEICICHHS IMOKA3bIBAIOT, YTO OOJBIIAsl YacTh HACEICHHS
MOTa1aeT B HOPMY, HO y YacTH HAOIIONAIOTCS OTKIOHEHHS B CTOPOHY OoJice HH3KHX 3HAYCHUI.
BruoMonansHOE pacmpeneneHue (J1Ba MUKa) MPEANONaracT, 4To MOMYJ SN COCTOUT U3 JBYX TPYIIIL:
YCIOBHO 3I0pOBas W «aHOManbHas». OTMEYCHO, YTO HAHWOONBIIEee KOIHYSCTBO OTKIOHCHHU
CKOHIICHTPUPOBAHO B KaBKa3CKuX pernonax (larecran, Uarymerns, Yeuns) u Ha ceBepe (SIkyTHs).
Qunancuposanue: I'3 Ne122030900062-5.
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OO0pa3oBaHrEe BTOPUYHBIX OIyXOJiei (METAacTa30B) — OCHOBHAS MPUYMHA BBICOKOH JIETATBHOCTH TPU
MHOTHX THITaX PaKOBBIX 3a0oneBanuii [1]. [l HHUIMAIIAN pOCTa METacTasza pakoBas KIeTKa JOIDKHA
npuoOpeCTH CBOMCTBA CTBOJIOBOW KIJICTKM B pesynbrare aeauddepeHimpoBku [1, 2]. OgHum u3
MapKepOB TAKOTO MEePEX0Ja SIBISIETCS SKCIIPECCHUS TOBEPXHOCTHOTO pereritopa CD44 [3].

Lenpro mccnenoBanusi ObUIO CO3/1aTh JIMHHIO KJIETOK paka MOJIOYHOW jKeJe3bl yenoeka 147D,
TpaHckpuoupyromux red CD44 B Bune equaoit MPHK ¢ 3enensiM dyopectieHTHbIM OekoM (eGFP),
HO TpaHciupytomux 6enku CD44 n eGFP mo otnensHOCTH.

A monmydeHus TeHETHYSCKH MOTU(PHINPOBAHHON JUHUK ObUTa Mcmonb3oBaHa cuctema CRISPR/
Cas9. Jlonopnas mmasmuaa Obuia ckoHcTpyupoBana C.II. Meneeaessim (MLIMIT CO PAH,
Horocubupck, Poccus) n comeprxkana mocienosareabHocTH, koxupyromme eGFP n T2A-nentu,
a TakKe TeH YCTOWYMBOCTH K aHTHOMOTHKY Neo'/Kan"; sgRNA Obutn momoOpanbl kK 18 3K30HY
rera CD44. DddekTuBHOCTh Ko-TpaHcheknuu kinetok T47D, coriacHO NTaHHBIM MPOTOYHOM
uTodryopumeTpun, coctaBuia 4,30 % + 0,06 %. [Tocne oTO0Opa KIIOHOB, YCTOHUMBBIX K TEHETUIINHY,
YCIELIHOE BCTPAauBaHUE TPAHCI€HA MOATBEPAMIN ¢ moMolbio ITLP.

[TonyueHHast reHeTUYECKH MOAM(DUIIMPOBAHHAS KJICTOYHAs JIMHHUS MOXKET OBITh MCIIOJB30BaHA MPH
pa3paboTKe MPOTHUBOOITYXOJICBBIX JICKAPCTB, TPETHA3HAUYCHHBIX IS JICYCHUS METaCTaTHUCCKOH
Ooie3HH 3a cyeT MmojamieHusi mporecca JenuddepeHInpPoOBKH PakoBbIX KiIeTOK [4]. OcobeHHO
aKTyaJbHO MPUMEHEHUE NAaHHOM JIMHUM KJIETOK B CHCTEME «OpraH-Ha-dMIiey», TaK Kak IMpolecc
JETEKTUPOBAHUS U TOjIcYeTa (PIIyopeClEHTHBIX KIETOK MOJKET ObITh aBTOMATH3HPOBAH C TPUMEHEHHEM
MAIIMHHOTO OOY4€HUs JJIs1 MHTErpallui UCKYCCTBEHHOI'O UHTEIIJIEKTa B CUCTEMY.

Dunancuposanue: VlccienoBaHue BBIMOIHEHO B paMKaX IPOTPaMMBbl CTPATETHYECKOT0 aKaJIEMUYECKOTO
mupaepctsa «lIpuopurer 2030%.
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Mitochondrial dysfunction and metabolomic profile
of Finc deficient C2C12 cell line
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Jannas paboTa npoBOAMIIACH C IENBI0 U3YYCHUS HAPYIICHUs (QYHKIMI MUTOXOHAPUI U U3MEHEHHS
MeTabosloMHOTO Tipoduiiss B kietounoi ymauu C2C12 Ha (oHe HOkayta reHa Flnc. AHanus
MeTabOIUTOB MPOBOIMIICSA TIPU CpaBHEHUU 00pa3nioB kineTounoit iuauu C2C12 Finc Kon C2C12 AT
metogamMu BOKXX-MC u 'XMC. HapymieHrne MATOXOHIPUATBHON (PYHKIIUH OICHUBAIOCH 32 CYET
U3MEpPEHUsT YpOBHS akTHBHBIX (hopMm kuciopona (ADPK) merogomM mpoTo4HON muToMeTpuu. Buuto
BEISIBJICHO, YTO OCHOBHBIC METaOOIIMUCCKIE ITOCICICTBHS HOKayTa reHa F/nc B kietkax auHuu C2C12
3aTParuBaroT KIKYEBbIE MUTOXOHPHANBHBIC Tpoliecchl. HapylieHue B-OKUCIEHUS )KUPHBIX KUCIOT
MIPOSIBIISIETCS B HAKOIUIEHUH JJTMHHOLETIOYEUHBIX aLlMIKAPHUTUHOB, TAKUX KaK [aIbMUTOUIKAPHUTHH
(16:0) u creapounkapuutuH (18:0), 4T0 yka3bIBaeT Ha HETMONHYIO yTUIM3AIMIO KUPHBIX KHCIOT B
MHUTOXOHIIPUATEHOM MaTpHuKce. JJUCOYHKIHS OKHCIUTETHHOTO (HOoChOpHINPOBAHUS TIPOSBISCTCS B
CHIDKCHUH YPOBHEH LuTpara, a-ketormyrapara u ¢gymapara B LITK, uro oTpaxkaeT orpaHudcHHOE
MOCTYIUIEHUE CyOCTpPaToOB W3-3a HAPYIICHHOTO TIMKONN3a M [-OKUCICHHS. MHUTOXOHAPHATHHBINA
OKHCIIMTENBHBIHN CTpece MOATBEPKAACTCS MOBHIICHUEM YPOBHEH Kak BoccTaHoBiIeHHOH (GSH), Tak 1
okucieHHol (GSSG) hopM mIyTaTHOHA, YTO OTPAXKACT AKTHBAIMIO AaHTHOKCHIaHTHBIX MEXaHU3MOB B
OTBeT Ha u30bITOuHOC 00pazoBanne AOK. Hapymenune NAD -3aBUCHMBIX TPOIIECCOB B MUTOXOHIPHUSIX
MIPOSIBISICTCS] B HAKOIUICHUH [TPOMEKYTOUHBIX METa00INTOB, TAKUX KaK HUKOTHHAMUIMOHOHYKJICOTHT
(NMN), uro orpannuuBaet cuate3 NAD™ u HapymiaeT sHepreTuueckuit romeocta3. OIeHKa YpOBHS
A®K Ttakke BbIABHJIA 3HaYHMTENbHOE CHIKeHHE ypoBHSI ADK B kietkax C2C12 Finc Ko Ha done
pa3obuieHus apIxarenabHoil enu ¢ nomoripio FCCP. Takum obpazom, Flnc Ko mpuBoauT k mTyOoKoH
MHUTOXOHIIPUANEHON TUC(YHKINH, YTO CHOCOOCTBYET Pa3BHTHIO DHEPreTHUCCKOro aedummra u
OKHCJIMTENIFHOTO cTpecca. DT U3MCHEHHS MOAYCPKUBAIOT KPUTHUECKYIO PONb Flnc B OAACPKaHUN
MUTOXOHJPUAJIBHOTO MeTa0O0Iu3Ma U Ipe[ylaraloT HOBbIE HalpaBlieHUs Ui M3y4EHHUs IMaToreHesa
(bmmaMuHONIATHIA.

Qunancuposanue: VccnenoBanue moanepxano PoccuiickuMm HaydHbIM (hoHIOM, Ne 25-15-00552,
https://rscf.ru/project/25-15-00552/.
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Meouyunckuil nayuno-obpazoeamenvuviid uncmumym, MI'Y umenu M.B. Jlomonocosa, Mocksa, Poccus
* tolstoluzhinskayaae@my.msu.ru

KuaroueBsie cinoBa: FAPa; ¢pubpo3; aktuBrpoBanHsre GpudpobracTs

The role of FAP in regulating the functional properties
of activated fibroblasts

A.E. Tolstoluzhinskaya*, N.A. Basalova, M.N. Karagyaur, U.D. Dyachkova, M.A. Vigovsky,
D.A. Butuzova, M.A. Kulebyakina, O.A. Grigorieva, A.Yu. Efimenko
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IIpn ¢ubposze npoucxoaut nupHEPESHINPOBKA CTPOMATBHBIX KJICTOK-TIPEAIICCTBEHHUKOB, B
MHO(GHUOPOOITACTEI, KOTOPBIE AaKTHBHO CEKPETHUPYIOT OelKH BHekieToyHoro marpukca (BKM) u
pemozaenupyrot ero. ®ubpodnactel He cpazy auddepeHuupyroTcs B MHOGUOPOIACTHI, a CHadaja
MIPOXOAAT CTA/INIO AKTHBAIMH, TPHOOPETAIOT CIIOCOOHOCTH K ITOBBIIICHHOM HHBA3NH H ITPOIH(epanuy
U SKCIpEecCHpyIOT Oenok aktuBanuu Gpuodpodmactos o (FAPa) — memOpanHyto cemapasy, (pyHKIMN
KOTOPO# /10 KOHIIa He M3BeCTHHL. [loaToMy 1ebio paboTe! ObuT0 n3ydeHue poan FAPa B perymsmnu
(DYHKITHOHAJIBHBIX CBOMCTB aKTUBHPOBAHHBIX (HOp0OIacTOB mpu Gudpose.

Ha cpesax serkux Mmplmeid ¢ OJeOMHIMH-MHAYIHPOBAaHHBEIM (HOPO30OM YK€ Ha PaHHHX CTaJHsAX
pazButusi pubpo3a Ob oOHapyxkeHbl FAPo" aktuBupoBaHHbIe (HUOpOONACTB, B KOTOPBIX
3a4acTyr0 JeTektupoBann Mapkepbl mnpommpepannn (PCNA) u wmuodudbpodmactoB (aSMA),
OKpYKEHHBIX OoibiInM KommuecTBoM BKM. [lns toro, 4to0s! yTounuts Bkiaax FAPa B perymsnunio
(DYHKIMOHAJIBHBIX CBOWCTB KJIETOK, OBIIM IMOJTy4YEeHBI JTHHUH (HUOPOOIACcTOB YelmoBeKa C HOKAYyTOM
(CRISPR/cas9, mogu¢unmpoBaHHbIi B HUKA3y) U runepakcnpeccueit F4Pa. Hoxayt FAPa B TMHUSX
(uOPOOIACTOB JITKUX OKA3aJICS JICTATBHBIM JUIA KYJIBTYpHI, a B (UOpoOIacTax IepMbl TPHBOAMII
K CHJIBHOMY CHIDKCHHMIO MpOJH(Epaluy Mo CpaBHEHHIO ¢ KOHTponeM. ['mmepskcnpeccus FAPo
MyTeM JICHTHBUPYCHOW TPaHCAYKIIMM BEKTOPOM, HECYIIMM IeJIeBOH reH mox mpomortopom EF-la,
BbI3bIBaJla YBEITMUCHUE CEKpelMH OelKa KIeTKaMHU, a TaKkkKe CKOPOCTH Tpoiudepanuu Oonee dem
B 2 pa3a. HampaBnennsie m3menenus skcrpeccnu FAPo B ¢puOpoGrmactax oka3wsiBaiM BIMSHHE Ha
muddepeHIMPOBKY KIETOK B MHOGHOPOOIACTEI in Vifro, MpUYEeM THUIEPAIKCIPECCHsI MPUBOANIA K
aKTUBaNH U PepeHINPOBKH Ha PAHHUX CPOKax Mmocie HHAYKIHHU ¢ nomonisio TGFB, a HokayT 3Toro
OeKa BRI3BIBAJ CHIDKCHUE HaKoIuIeHUs aSMA depes 4 1Hs nocie HHAYKIUH TuddepeHIMpOBKY.
Takxum 0Opa3oM, Ha MOZIEIIAX in Vivo | in Vitro Mbl ToKa3aid, 9To FAPo MoXeT HrpaTh BayKHYIO POITh
B pa3BuTHu Qudpo3a. IlomyucHHbIE pe3ynbTaTsl HEOOXOMUMBI I TOHUMaHMs GyHKImiH FAPo+
AKTUBUPOBAHHBIX (UOpOOIACTOB MpH Grbpo3e.

Dunancuposanue: Viccnenosanue nojaepxano rpantoM PH®, Ne 23-15-00198, https://rscf.ru/en/
project/23-15-00198/.
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[eHeTnYecKkne n asnnreHeTnYyeckKkue ncanenoBaHMA B U3yYyeHNUN

naToreHesa n Tepanuu caxapHoro gnabeta 2 Tmna

3.H. Tonsn*, A.A. Tkauenko, FO.A. HaceixoBa, FOA. bapoutos, SI.H. PeneB, M.M. Jlanunosa,
A.A. Muxaiinosa, A.C. I'moTos
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Genetic and epigenetic studies in the investigation of the
pathogenesis and therapy of type 2 diabetes

Z.N. Tonyan*, A.A. Tkachenko, Y.A. Nasykhova, Y.A. Barbitoff, .N. Renev, M.M. Danilova,

A.A. Mikhailova, A.S. Glotov
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Bru1o mpoBeieHO KOMIUICKCHOE MCCIIE0BaHNE, TIOCBSIICHHOE aHAIN3Y SMUTEHETHIECKUX (haKTOPOB
pucka pa3BuTHs caxapHoro auabera 2 tumna (C/I2), a Takke TeHETHUCCKUX (haKTOPOB, BIMSFOIINX
Ha 3((EKTUBHOCTh TEpaUH METPOPMHHOM. bBBIIM IMpoaHaIM3UPOBAHBI NMPOGHIN 3KCHPECCHU
MuPHK B mnasme 44 nammentoB ¢ C/I2 w 22 3mopoBbIX juil. BreiseiaeHo 229 muddepeHuaibsHo
skcnpeccupoBanHbix MUPHK, cpenn KOTOpPBIX B Mia3Me MalMeHTOB ObUTH YBENIWYEHB! YPOBHU miR-
5588-5p, miR -125b-2-3p u miR -1284, a ypoBenb miR -496 cHmxeH. Takxke ObIIIO yCTaHOBICHO,
YTO y TMALMEHTOB ¢ M30BITOYHBIM BecoM HaOmromaercs: nuddepeniuansias skenpeccus miR -144-
3p u miR -99a-5p. OYHKIHMOHATBHBIA aHAN3 TAPTETHBIX T'CHOB IMOKa3anl OO0OTallCHHE ITyTEH,
CBSI3aHHBIX C XPOMATHH-MOJU(PHUIMPYIOUMMHA (DEpMEHTAMH M aroNTO30M. TpaHCKPHUIITOMHBIN
aHanu3, IPOBEJACHHBIN Ha TenbHOW KpoBu 8§ marueHToB ¢ C/I2 m 8 310poBBIX JUIl BISIBHIT 146
reHoB ¢ auddepeHnnanbHoN skenpeccrel, 71 U3 KOTOPBIX C MOBBIIICHHOH, a 75 — CO CHUKECHHOU
IKCTIpeccuei. AHAIN3 000TaICHHS IETEKTUPOBAHHEBIX TCHOB MO (PYHKIIMOHAIEHON MTPUHAIICKHOCTH
TaK’Ke IT0KA3aJI X BOBJICUCHUE B MPOIIECCHI, ACCOI[MMPOBAHHBIE C AIIONTO30M, KOHTPOJIEM KIIETOYHOTO
[OUKITa U MOTUQHKAIel XpoMaTiHa. [Ipu omieHKe poiy TeHEeTHIECKUX MOTMMOP(I3MOB B OTBETE Ha
Tepanuto MeTgopMuHoM y 299 nanmenTos ¢ CJ12 BbIsiBIeHO, uTo BapuaHT 112208357 B rene SLC22A4 1
CYIIECTBCHHO BIUsCT Ha 2pPeKTHBHOCTD JieueHus: Hocutean reHotuma TT nemoHcTprpoBanu 6omee
HU3KHUH 0TBeT Ha Tepamnuto no cpaBHeHHI0 ¢ CC/CT HocuTensmu. [ MpOTHO3UPOBAHUS OTBETA HA
JedueHue OblIa Co3aHa MOAETh MAlTMHHOTO 0OYUCHHSI, KOTOPAst II0Ka3ajia HAUBBICIIYIO TOYHOCTE MTPU
HCIIOJIb30BAaHNH YETBIPEX MapaMeTpoB: moii, reHoTun rs12208357, nanuune cemeitnoit ncropuu T2D
" cooTHoIeHue Tainuu k 6eapam (WHR), ¢ AUC = 0.62.
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MonekynsapHbie nocnegcteusa CRISPR/Cas9-pepaktupoBaHus
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The molecular consequences of CRISPR/Cas9-mediated editing
of the duplicated STAG2 gene
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STAG?2 — xim04eBOl KOMIIOHEHT KOMIUIeKca kKore3nHa. Myrtanmu B reHe STAG2 MOoTyT IpUBOANUTD K
pa3BUTHIO Kore3uHonatuii. Hamu onucansl qBa Opata ¢ koresuHonatueit. Meton aCGH BbIIBII y HUX
MUKPOAYIUTHKAINI0 Xq25 mmHoi 418 kO, B cOCTaB KOTOPOW BXOAWI OJUH MOJTHOPAa3MEPHBIN T'eH —
STAG2. MexanusM pa3BUTHUS JaHHOU IIAaTOJIOIMU U poJib cBepXxdkcipeccuu STAG2 HesCHBL.
WunyunposanHble mItopunoTeHTHbIe cTBoNoBble KieTkd (MIICK) — xopomas Moaens ams U3yueHus
MEXaHU3MOB pa3BUTHsI 3a0oneBaHui. M3orennele nuuHumM MWIICK MO3BOSIOT MHHUMH3HMPOBATh
BapHadeIbHOCTh, CBS3aHHYIO C TE€HETHYECKHM (OHOM. MBI 3aIlNIaHUPOBAIM 3KCIIEPUMEHT 10
«reHOoMHOH koppekiun», BHocs B MIIICK nanueHToB cABUr paMKU CUMTBIBAHUS B OJJHY U3 KOIIUH IeHa
STAG?2, uctionnzyss CRISPR/Cas9.

B 48 u3 87 x10HOB OblIa BBIBICHA TONBKO OJJHA TEHOMHAsI MOAUGDUKANNSA. MBI MPEANOI0KNIN, YTO
FEHOMHOE pelaKTHUPOBAHME MPHUBEIO K MOSBICHUI0 MJCHTUYHBIX MyTanuid. OfHaKo B pes3ynbrare
MIPOBEICHHOTO aHajn3a TpaHckpuntoma 10 KJI0HOB y 3 BBISIBJIEHO HECOOTBETCTBHUE MEX Y TCHOMHBIMU
MOAN(UKAIMAMH 1 OTCYTCTBHEM dKcnpeccnu STAG2. [lnst oree AeTaabHOTO HOHUMaHUS CTPYKTYPBI
MyTaluii ObUTO MPOBEICHO TApreTHOE CEKBEHUPOBaHHUE. BhIsicHIIIOCH, 4TO B 4 13 10 KJIOHOB B OJHY
13 KOMHMH BCTPOWIINCH (PparMeHTHI TuIa3MuAbl, copepxkareil Cas9, a B ABYX CIydasx MPOM3OLLIH
WUHBEPCUU.

Harma paboTta nogdepKuBaeT, 4To AeTalbHbII aHAIHN3 TOKYCOB BHECEHUS PA3pbIBOB IIPH UCIIOIb30BAHUU
CRISPR/Cas9 HeoOxomuM sl TPEIOTBPAIICHHUS HEBEPHOH HMHTEPHPETAllUU Pe3yabTaToB. MBI
TpeUToXKIIN 3(QGEKTUBHBINA METOJ aHAJH3a JIOKYCOB PEAAaKTHPOBAHMS, TTO3BOJISIONINI ONPEIETUTD
CTPYKTYPy BO3HHUKIIMX IIE€PECTPOEK, KOTOPYIO HE BUAHO IPHU CTaHJApPTHOM I€HOTUIIMPOBAHUM C
ucnosnb3oBanuem ITLIP.

Qunancuposanue: VccnenoBaHue NOAJNEPKAHO TIpaHTOM MuHMCTEpPCTBA HAyKd U BBICILETO
obOpazoBanusi Poccuiickort ®enepanmu (conmamenne Ne 075-15-2024-539 ot 24.04.2024) u
oromketHbIM ipoekTom UL ul" CO PAH (FWNR-2025-0017).
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OxucnurenbHbie noBpexaeHus JHK, B wactHoctn 8-okcoryanuH (8-0x0(G), BXOIAT B YHCIO
OCHOBHBIX MCTOYHHMKOB MYTAallMil B T€HOME BCEX JKMBBIX OpraHU3MOB. s M3ydeHus penapaunuu
nospexeHHbIX ocHoBaHMM JIHK B JKUBBIX KJIETKaX MOXHO IPUMEHSATH PENOPTEPHBIE ILIa3MUIbI
C OTHOHYKJICOTHAHBIMH MomupukammsMu. Hambomee >(pQPeKTUBHBIN cHOCOO0 MOTYUIEHHS TaKUX
KOHCTPYKIIUH OCHOBaH HAa BHECEHHUH JIBYX OJIM3KO PACIIONIOKECHHBIX OJHOIICTIOUEYHBIX Pa3phIBOB Ha
onuoit n3 ienet JIHK ¢ momomsio JIHK-#auka3. Ho manHbIi MeTOT OTpaHUYEH Y3KUM CTIEKTPOM CaiTOB
y3HaBaHus [IHK-HUKa3 1 mosTOoMy HE MO3BOJISICT HAIEIMBATh MX HA JIIOOOH skemaeMblil perroH. B
X0JIe PaOOTHI AJISI OTYUEHHS PEIIOPTEPOB C MOIU(PHUKAIUSIMH B IPOU3BOIBHBIX CAlTaX agaNTHPOBaHA
cucreMa Cas9-Huka3s, KOTopas orpaHudeHa Juib MoTusoM PAM.

VYV mnasmun ¢ perwmkoHoM ColE1 B wHunmanuu permkanuu ydactByet JIHK-mommmepasa 1.
Cunresuposa okojo 400 HYKIEOTHIOB OTCTaromlel nenu, oHa ycrynaetr mecro JJHK-nmomumepaze
II1. Takum 0Opa3oM, BBeJCHHUE MOBPEkKACHHOTO ocHOBaHUA (8-0X0G) npu momorm Cas9-Hukas B
JTAHHYIO 00JIacTh MIa3MHU/IBI TIO3BOJISIET MCCIIEIOBAaTh MyTareHes ¢ yuactuem JJHK-nomumepass! I mpu
MIPOXOXKICHUH MTOBPEKACHUS B YCIOBUSX in Vivo.

Nmeromuecs B auTeparype KoJIMYeCTBEHHble naHHble o TouHocTH JIHK-mommmepas in vitro B
MTOAABJISFOIIIEM OOJBITIHCTBE ITOTYYCHBI Ha MMPOCTEUIINX CyOCTparax BUIa «IIpaiMep—MaTpHIay, 9To
HE [I03BOJISIET OLEHUTH BKJIAJ] IPOLIECCOB CUHTE3a C BBITECHEHUEM LIETIH, KOTOPBIE YaCTO BCTPEYAIOTCs
B JKHBOH KJIETKE TPH PEIUTUKAMU U penapanuu. B manHo# pabore mccmemoBaHa TogyHocTh JJHK-
nonumepassl [ (monHopasmepHoit U ¢parmenta Knenosa) Ha cybctparax ¢ BeitecHsemoit JJHK- n
PHK-1empro, MASHTUYHBIX MO CBOCH MOCIEIOBATEIFHOCTH y4acTKy mepBoro ¢parmenra Oxazaku
miazmuasl pUCI9. TlokazaHo, YTO TOUHOCTh BKJIIOUEHUS! HYKJIEOTHAOB HANpOTHUB 8-0X0(G 3aBHCHUT
OT NPUCYTCTBUS U CTPYKTYpbl BBITECHSEMOH Iienu. BrepBble MPOBEAEHO CpaBHEHHE MyTareHesa,
BbI3BaHHOTO 8-0X0G, it JJIHK-nonmumepasst | E. coli B ycnoBusx in vitro u in vivo.
Dunancuposanue: Viccnenopanne nogaepxkano PHD, Ne 24-14-00285.
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BnuaHvne myTtauun ¢.7416_7418delGAA B reHe FLNC,
accoLumMpoOBaHHON C PeCTPUKTUBHON KapAanomMmumonaTuen,

Ha XOHApOreHHyto andpepeHUNpPOBKY B NayneHT-cneundunyHon
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Effect of the c.7416_7418delGAA mutation in the FLNC gene
associated with restrictive cardiomyopathy on chondrogenic
differentiation in a patient-specific 3D model of cartilage
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PectpuktuBnas kapauomuonarus (PKMII) — 310 opdanHas naToaorus MUOKap/a, 4acTo CBsI3aHHAs ¢
MYTaIIsIMA TCHOB IUTOCKEIICTHBIX U CAPKOMEPHBIX OCJIKOB, B YaCTHOCTH I'¢HA aKTHH-CBSI3BIBAIOIIETO
6enxa punamuna C (FLNC). pu FLNC-PKMII ¢ panHeii MaHudecTanmeil y maieHToB OTMEUA0TCs
HapyILIEHUs] OMOPHO-IBUTATEILHOIO armapara, COYeTaHHbIe C MOBpEXJIEHHEM MHOKapna. Llesnbro
JTAHHOTO HMCCIICOBAHUS SIBIISUIACh OIICHKA BIIMSIHUS TETEpO3UTOTHOI nenermu ¢.7416 7418delGAA B
rede FLNC Ha XapaKTepUCTHKU XOHJPOIIUTOB B KJICTOYHON MOJEIH XPSIIEBON TKaHH, MOTyYCHHOMN
in vitro mytem xoHjaporeHHoi muddepenimpoBkn HUIICK mamuenta ¢ uccienyeMoil myTammen
n UIICK HepomcTBEHHBIX 3IO0POBBIX TOHOPOB M IOCICHYIOMETO (OPMHUPOBAHUS OPraHOHIOB
Xpslla B YCIOBHSIX OHOpeakTopa. B KadecTBe KOHTpPOJS OBUIM HCIOJIB30BAHBI TEPBUYHAS
KyJBTYpa XOHIPOIUTOB YETOBEKa, KYIBTUBUPYEMBIX B 2D yclIoBHAX, U COPMUPOBAHHBIC U3 HUX
XOHJpOChEpPHI, KyITbTUBUPYEMBIC B YCIOBUSIX OHOpeakTopa. B momyueHHOH KIeTOYHONW MOJENU I'eH
FLNC »sxcripeccupyeTcsi Ha BEICOKOM YpOBHE. BpUTO 0OHapy»KEHO CHIKEHHE YPOBHS DKCIPECCHU
KJTFOYEBBIX MapKepoB XoHAporeHHoi auppepennnpoBku (ACAN, COLIA2, COL2A1) B XoHIpOIUTaX
C HcclenyeMoil MyTalued OTHOCHTEIbHO XOHJPOLMUTOB OJHOTO 310pOBOro JoHopa. B cocrase
OPTaHOHUIOB ¢ MyTalueH HaOMo1anach TCHACHIUS K COXpaHEHUIO Henu(pGepeHIINPOBAHHBIX KIETOK,
akcripeccupytonux mapkepsl UTICK (OCT4, SALL4, SPPI). B cOBOKYITHOCTH TIOJTy4Y€HHBIC JIaHHBIE
yKa3blBalOT Ha yyactue QuumamuHa C B XOHIpoOreHHoW anddepeHIUpoBKE M JEMOHCTPHPYIOT
MTOTCHIMAIBHYIO POiih MyTanuii FLNC B pa3BUTHH MMAaTOJIOTHH Xpsiiia y naruedToB ¢ FLNC-PKMIT.
Qunancuposanue: VcciaenoBaHue BBIIOIHEHO B paMKaxX TOCYAApCTBCHHOTO 3anaHus «OpraHoun
cepana 25-27», nomep rocynapctsennoro yaera HUOKTP 125030703325-7.
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PasBuTHe MeToI0B TCHOMHOTO pefaakThpoBanus Ha ocHoBe cucteM CRISPR/Cas oTkpbiBaeT HOBbIC
TOPU30HTHl B MOJEKYISIPHON AMArHocTHKe. B 4acTHOCTH, HCIONB30BaHHE ITPOrPAMMHPYEMBIX
HyKJIea3 JUIs MPOBEICHUS AUATHOCTHKH i1 Vitro TO3BOJIMJIO Pa3padoTaTh TAKHE CICHU(DUUHBIC U
BBICOKOUYBCTBUTEIbHBIC MHCTpYMEHTHI, kak DETECTR (#a ocHoBe Hykiea3sr Casl12a) u SHERLOCK
(na ocHoBe Casl3), mus onpeneneHus IPUCYTCTBUS LIENEBON (HampuMep, BUPYCHOM) HyKIEHHOBOH
KHCIIOTHI B 00pasLe.

B pamkax maHHOrO mpoekTa MBI pPa3padoTaJu MPOTOTHI JUATHOCTHYECCKOW IIAaTGOPMBI IS
JIETeKIINH XPOMOCOMHBIX ITEPECTPOCK, KOTOPBIIf OCHOBAH Ha in vitro cleavage assay ¢ IprIMEHEHHEM
pexomOuHanTHOTO Oenka Casl2a. B ommmume ot cucteM Ha ocHoBe Cas9, Casl2a paboTaer ¢ ogHOM
Hanpasisitomedi PHK, 4ro ympomaer nmsaiiH U mpou3BOACTBO peareHTOB. IIpenmaraemast Tect-
CHCTEMa TIO3BOJISCT BBIIBUTH MYyTallMH: XPOMOCOMHBIC TMEPECTPONKH, MHCEPIUM M JCJICIUH — B
KIMHIYECKNX 00pa3nax.

Cucrema ocHOBaHa Ha JAETEKLUU caiiTa-MullleHH ¢ nomouibto Hanpasisitomed PHK, ero paspesanun
¢ 00pa3oBaHMEM JIMTIKHX KOHIIOB, OOOTAIIeHNH CMECH IEeJEeBBIMH (PparMeHTaMH, MPUTOTOBICHHH
OMOMMOTEKN U TOCJIEAYIOIIEM BBICOKOIPONU3BOJUTEIEHOM CEKBCHHPOBAHUH. AHAIHN3 PE3yNbTaTOB
CEKBCHHUPOBAHUS IIO3BOJSIET HE TOIBKO MOATBEPIUTH HAUYUE MEPECTPOWKH, HO U OLEHHUTh ce
IPE/ICTABICHHOCTE B 00pasle, 4YTO SBISETCS KPUTHUCCKUM IPEUMYIIECTBOM II0 CPAaBHEHHUIO
C KJIACCHMYECKHMH METOlaMH. 3a cueT NpHuMeHeHHs Hykiea3sl Casl2a, oOpasyromeidl B xozme
pPEIaKTUPOBAHUS JIMIKHUE KOHI[BI, JIUTHPOBAHHE AMANTEPOB MPOHCXOAUT Oosee 3(PQPEKTUBHO, UTO
JleTTaeT cucTeMy 0osee SKOHOMUYHOM.

B xome peammsammm pa3paOOTKH OBUIO TMPOBEICHO TECTHPOBAHME AKTUBHOCTH MOJIYYECHHOTO
pexomOuHanTHOTO Oenka m Hampasmstommx PHK Ha cunTeTmdeckoit marpuie mytem in vitro
cleavage assay. AHaIU3 MOATBEPAUI AKTUBHOCTH U CHENU(UYHOCTE Pa3pabOTaHHOM CUCTEMBI. TakuM
obpa3oM, cructema JeTeKn Ha ocHoBe Casl2a mpezacrapisieT co00il MepCreKTUBHYIO albTePHATHBY
CYIIECTBYIOIIUM IOAXOJaM JUIsl JIETCKIMH XPOMOCOMHBIX IEPEeCTpOeK, oOecrednBasi BBICOKYIO
TOYHOCTb ¥ BO3MOXHOCTb KOINYECTBEHHON OLICHKH.

Qunancuposanue: VccienoBaHue NMpOBEAEHO B pamkax rocyaapctBeHHoro 3afganust UOl'en PAH
«M3yueHne reHEeTHYEeCKHX MpPOLECCOB Yy MHUKPOOPraHU3MOB, PACTEHUH, >KUBOTHBIX U UEIIOBEKAY,
Ne 125040704886-1.
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Cemeifnas cpenmsemHoMopcekass ymxopagka (CCJI) — a10 ayroBocmanuTensHOe 3a0oJeBaHUE,
XapakTepusylonieecss IMEePUOJUUCCKIMU TPHCTYIIAMH JIMXOPAJKH U CHCTEMHOTO BOCTAJCHUS,
oOycroBieHHoe MyTarusmu B rene MEFV. [lponyxt reaa MEFV, 6e0K TUPYH, SBISICTCS KITFOYCBBIM
KOMIIOHEHTOM HMH()IaMMacoOM — MYJIBTHOCIKOBBIX KOMILIEKCOB, OTBETCTBEHHBIX 3a AaKTHBAIIUIO
U CEKPEHHIO TPOBOCIANUTEIBHBIX HHTCPICHKHHOB, mpekae Bcero IL-1P. IMarorenusrit Bapuant
p-Met694Val (c.2080A>G, rs61752717) HapyIIaeT peryisTopHyo (yHKIUIO TMPUHA, YTO TPHUBOIUT
K THUICPaKTHBAIIMNA HH(OIAMMAcOM, HEKOHTPOIUpyeMoi cekpenuu IL-18 ¥ pa3BUTHIO CHCTEMHOTO
BocnaneHus. Xponuueckoe Bocrnanenue npu CCJI sBiasieTcss OCHOBHBIM (haKTOPOM PHCKA Pa3BUTHS
AA-amMuIIon103a ¢ MOCIEAYIONIEeH OpraHHoi He0CTaTOYHOCTHIO.

enpto maHHOTrO WHCCieAOBaHUs siBIsieTcs co3znaHue wuzoreHHor Monenu WITCK-nmpousBogHbIx
MakpodaroB i u3ydeHus: BiusHus Bapuanta ¢.2080A>G (rs61752717, p.Met694Val) Ha cOOpKy
uH(pIaMMacoM U mocieayromyto cekpenuto 1L-1p, nexkanie B ocHoBe natorenesa CCJL

Jst BHECeHUs M ricTipaBiieHus reHeTnaeckoro Bapuanta ¢.2080A>G B rene MEVF B UTICK uenoBeka c
MOMOIIIBIO TEXHOIOTUH TpaiM-pelakTHPOBaHUS OB TpoBeicH au3aitd pegPHK nomornsio mporpaMmsl
PE-Designer. Brumn co3maHbl TUTa3MUIHBIC KOHCTPYKIHUH, IPEIHA3HAUYCHHBIC U DKCIPECCHU
pegPHK (st mcripaBneHust ¥ BHECEHHMS IMAaTOIEHHOTO T'€HETHYECKOTO BapHaHTa), COBMECTHO C
KpacHBIM ryopectieHTHBIM OekoM mCherry. Kpome Toro, mist yBenmuaeHus 3 (heKTHBHOCTH Ipaim-
penakTupoBaHus OBLTH CO3/IaHbI TIA3MUJIBI 171 coBMecTHOH akcnpeccnu ngPHK, a Taxxe GenkoB
TagBFP (cunuii gpayopecnentHsiii 6emok), mp53DD u hMLH1dn. ITony4eHHbIE KOHCTPYKITHH MOTYT
OBITH IPUMEHCHBI COBMECTHO ¢ OenmkoM-pemakropoM PEmax, skcmpeccust KOTOporo MapKupoBaHa
(yopecuenTHbM OenkoM EGFP.

Qunancuposanue: ViccnenoBanue BoimonHeHO npu punancoBoit momaepxkke KBOH MOHKC PA B
pamMkax HaygHOTO poekTa Ne25YR-1F023.
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Bbenxu cemetictBa BET — BaxkHbIe peryasTops! Tpanckpunuuu. OHu conepxar 2 6pomogomena (BD),
ET-nomen, HeckobKO KOHCEPBATHUBHBIX MOTHBOB U B cinydyac BRD4 1 BRDT — C-xon1ieBoit MOTHB.
Hx perynstopHast poib peanusyercs Omaromapsi cmocooHoctu BD y3naBate KacXXKac-mMoTuBsl
TECTOHOB B PETYIITOPHBIX YYaCTKaX XpPOMAaTHHA, a TaKXKe CIOCOOHOCTH aKKyMYJIHPOBaTh Ha ITUX
ydacTKaxX TPaHCKPUNIMOHHBIE (akTopbl 3a cdyeT BD wmnm npyrux nomenos/motuBoB. BET-Oenku
SIBILTIFOTCSl 3HAUMMBIMHA MUIICHSIMHU IUISL TEpauy psifa OHKO3a0OJCBaHMIA, a Tarkke 3a00JIeBaHUM,
ACCOIMMPOBAHHBIX ¢ XpOHHUYECKUM BocnasnienueM. Muarudutopsr BET, cBaseiBaromue BD, mpoxoast
HCIBITAaHUS KaK MPOTHBOOIYXOJEBbIE U MPOTHBOBOCHAIUTEIbHBIE areHThl. BOJBIIMHCTBO U3 HUX
obnanaet naH-BD HHrHOUTOPHON aKTUBHOCTBIO, UYTO 00YCIIaBIUBACT 3HAUUTECIBHYIO TOKCHYHOCTb.
Lenpro paboOTHI SBISETCS MOTydeHHEe HHTHOUTOPOB, ad(GUHHBIX K onpenericaHoMy BET-0enky u BD,
Ha OCHOBC (hparMEeHTOB AICTHIINPOBAHHBIX THCTOHOB. B HeaBHEM HcCIeIOBaHUN ObUT IIPEICTABICH
HOBBIA KJIacC MOZOOHBIX MHTHOUTOPOB — MUKIMYECKHUE METTHIBI, CENIEKTHBHO CBs3piBatomue BD1
win BD2. Hamu npensioskeH anpTepHaTUBHBIN AU3aiH NENTHAHBIX HHTHOUTOPOB. 3a OCHOBY B3AT PsiX
(Im)aneTHIHpPOBaHHBIX (parMeHTOB N-KOHIICBBIX YUACTKOB THCTOHOB. BBUIH MOMYYeHBI UX in silico
MOJIENH, a TAKKE UX PETPOMHBEPTUPOBAHHBIX AHAJIOTOB AJIS1 00CCIICUCHUS yCTOWYNBOCTH HHTHOUTOpA
BET k runponuzy. Cumymsiiuss MOJIEKYISIPHONW TWHAMUKH TI0Ka3aia, 4To TOCIeaHIEe CBsI3bIBaloT BD
HE XYK€ HaTUBHBIX NMENTUAOB. Pe3ynwrarsl in silico aHanu3a MOATBEPKACHBI in Vitro ¢ TMOMOIIBIO
METO/Ia Ha OCHOBE MTOBEPXHOCTHOTI'O MJIa3MOHHOIO pe30HaHCA.

Qunancuposanue: Viccaenopanue nojjepxkano rpantom PHO® Ne 24-25-00431 «Murubutopsr BET-
0CJIKOB Ha OCHOBE PETPOMHBEPTUPOBAHHBIX TICTITHIOBY.

148



doi 10.18699/CRISPR-2025-149
HoBble nenTuaHble UHrMGUTOPBLI amuongnsaLnn
anbda-cMHyKneHnHa

M.C. FOauu"**, AM. Bapmxyk' 2, B.A. Manysepa'?, K.A. bposuna'-2, C.D. Anuesa',
H.A. Bapunos!, /I.H. Kiunos!:?

' @edepanvrvlii HAYUHO-KAUHUYECKUT YeHMP GUIUKO-XUMULECKOU Meouyunbl um. akad. FO.M. Jlonyxuna @MBA
Poccuu, Mockea, Poccus

2 Mocko8ckuil (pu3uKo-mexHuseckutl UHCMumym (HQyuoHAIbHbLI UCCILeO08AMENbCKULL YHUBEPCUMENt),
Joneonpyonwuii, Poccus

* judin.ms@phystech.edu

KnwueBsble ciioBa: aJ'IB(l)a-CI/IHyKJ'IeI/IH; amMmiioniusanusi; CHHYKJIICUHOIIATUH HeHTHZ[HI;Iﬁ I/IHFI/I6I/ITOp

Novel peptide inhibitors of alpha-synuclenin amyloidization
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Anba-cunykiaenH (SNCA) sBasieTcss peryiasTopoM CIMSHUSL MeMOpaH U BBICBOOOXKJICHHUS
HEHpOMeTNaTOPOB U3 TPECHHANITHYCCKIX BE3UKYJI. B HOpMe ero N-KOHIIEBOH y4aCTOK B3aMOCHCTBYET
C IMMUAAMU U UMECT ajb(a-crupaibHyIo YKIAAKY, TOTAa Kak IeHTpaibHbII 1 C-KOHIIEBOH (parMeHTH
KOH(OPMAITOHHO HE YIOpsIOoYeHBl. Hammaue MyTamuii B IEHTPAaIbHOM (parMeHTe W Psi WHBIX
(bakTOpOB MOBBIIAIOT pUCK onuromepusai SNCA ¢ o0pa3oBaHHEeM aMOP(HBIX arperaTtoB  Kpocc-
Oera cTpyKTyp ammiouaHoro tumna — puopmwmr. SNCA arperupyeT ¢ 00pa3oBaHHEM HEPACTBOPUMEIX
(uOPUIT IPU MATOIIOTHUCCKUX COCTOSIHUSX, TAKUX Kak 0osie3Hb [lapkuHCOHA, IEMEHIHS ¢ TeNIbIlaMU
JleBr 1 MHOJKECTBEHHASI CHCTEMHAS aTpO(HS ¥ PYTHE CHHYKICHHOIIATHH.

st mpenotspaienust nporecca amuionanzanu SNCA npUMEHMMBI CUHTETUYECKHE TENTHIIbI.
OOmwii MPUHIIHIT UX TU3aifHa CBOAUTCS K 0TOOPY KOPOTKUX ITOCIIEIOBATEIHLHOCTEH, KOHKYPUPYIOIIUX
¢ Oera-nmuctamu w3 sipa uoOpuiut 3a npyrue 6era-muctbl SNCA U TakuM 00pa3oM HapyIIaloIHX
Kpocc-0Oeta ykmanky. Ha ocHoBaHMM maHHBIX 0 KOH(popManusx Bcex THIOB (puOpmmr SNCA Hamu
ObuUTH pa3paboTaHbl NPUPOHBIM MENTHA U €r0 PETPOMHBEPTUPOBAHHBIN AHAJIOT, MOTCHIHAIBHO
MHTUONPYIOIIIEC AMIITOUIH3aLHI0 O0bIIHHCTBA MyTaHTOB SNC A M HE OKa3bIBAIOIINEC aKTHBUPYIOIIETO
JCUCTBYS HU HAa OJMH U3 HUX.

JaHHBle TEeNnTHIBL, a TakKe KOHTPOJBHBIC MENTHABL, OBUIM MPOTECTHPOBAHBI C Pa3THIHBIMA
MyTaHTHBIMH Bapuantamu SNCA, BcTpedarommuMHCS Yy TaIHeHToB ¢ Ooje3Hplo IlapkuHCOHA, a
Takke ¢ OemkoMm mukoro Tuma. OOpa3oBaHue (GUOPHIIT OTCICKUBAIN METOIOM (IYOPHMETPUH C
(ITyOpOTeHHBIM 30HI0M Ha aMIJIOUABI U BEpU(HUIIMPOBAIN METOJJOM aTOMHO-CHIIOBON MUKPOCKOIIHH.
Pesynprarer moaTBep Ay 2 GeKTHBHOCTE HEMIprpoxHoro nentuaa. OH He yCTynal JHIepy |3 Yrcia
HPUPOHBIX IO MHTHOUTOPHOM akTUBHOCTH B oTHOLICHUH MyTaHTa SNCA E46K (60%) 1 mpeBoCcXoauI
ero ¢ npouynMu MyTantamu (98% MHrHOUpPOBaHIIS).

Dunancuposanue: Viccnenosanue nogaepxano '3 Ne 17.002.24.800 «Illanepon».
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Bupycusrii 6enox Nef oka3piBacT MHOXKECTBO ITaTOTEHHBIX 3((hekTOB Ha MMMYHHYIO ciucTemy y BUY-
nHUIMpoBaHHBIX NanueHToB. Nef perynupyet skcnipeccuto MHCI, MHCII, CD4 u CD28, nonassiet
OTTOK XOJIECTEpHHA, U3MEHSET MPOAYKIHIO IUTOKMHOB, HAKAIUIMBACTCS B OMYXOJsIX. MHUEIOUAHbIC
KJICTKH CIy)XaT pe3epByapaMH BHpPYcCa, SBISLSICE OCHOBHBIM HCTOYHHKOM Nef-comepskammx
BHEKJIETOUHBIX BE3UKYJ B KpoBH nanueHtoB ¢ BIIU. Jlns uccienoBaHus NOCIEACTBUI KCIIPECCUU
Nef MuenongHEIMI KIIETKaMH, OBUTHA CO3aHBl TPaHCTeHHBIC MBIIH ¢ Cre-3aBHCUMOI AKCTIpecChei
Nef u penopreproro 6enka GFP B Muenonansix kietkax (Nef-Tg LysM-Cre). Makpodaru ot Nef-Tg
LysM-Cre mpImreit umenu psii pyHKIHOHATEHBIX HAPYIICHUH. AHAIN3 in vivo TTOKa3al HanOOJIbITYI0
skcnpeccuto Nef B cepiie u Mo3re. Y TpaHCTEHHBIX MbIIICH HAOM 01 ICh HEUTPO(MITHSL, TOBBIILICHHAS
npoxykiust 1L-6, IL-13, G-CSF, CXCL1 u npyrue npu3Haku CUCTEMHOTO BOcCrajeHus. B BozpacTe
ot 5 o 11 mecsimeB y Bcex Nef-TpaHCTEHHBIX MBIIICH pa3BUBAINCh CIIOHTAHHBIE 3JI0KAYeCTBEHHBIC
HOBOOOpa30BaHMsI M3 BUOPHCC C METacTa3aMHt B IICUCHb U Jierkue. DeHoTurr, HabmonaeMblil y MbIIen
Nef-Tg LysM-Cre, nemoncTpupyet, uto Nef, mpoaynupyeMblii MUETIOUAHBIMU KIETKAaMH, HApyIIacT
uX (PYHKIIOHAJIHHBIC CBOHCTBA, CTUMYJIHPYET CHCTEMHOE BOCIIAJICHHE U OITyX0JIC00pa30BaHIC.
Dunancuposanue: Viccnenosanue nogaepxano rpantoMm PH® Ne 25-15-00508.
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Finding a cure for HIV remains a major challenge. Gene therapy offers a promising approach, where
patient cells are extracted, modified ex vivo, and reintroduced. One particularly effective method
involves integrating constructs for membrane-anchored HIV fusion inhibitors (e.g., 2P23 and MT-
C34), which block viral entry by preventing membrane fusion, thus protecting cells from infection.
Previously, our laboratory developed a construct for expressing fusion inhibitory peptides by
embedding them into a short GPI-anchored CD52 molecule, thereby localizing them to the plasma
membrane [1]. Cells expressing membrane-bound MT-C34 were fully protected from infection, while
those with 2P23 showed weaker protection. We hypothesized that this difference could be explained
by an N-glycosylation site present in MT-C34 and absent in 2P23, which may enhance membrane
protein stability.

In this study, we introduced N-glycosylation motifs (NDT) at the N-, C-terminus, or both ends of
2P23. We cloned NDT-motif peptides into previously designed CD52-based constructs for membrane
peptide export and delivered them to CEM/CCRS cells via lentiviral transduction or CRISPR/Cas9-
mediated knock-in into the CXCR4 exon 2 locus. The surface levels of 2P23 and NDT-2P23 were the
same, while 2P23-NDT and NDT-2P23-NDT showed a stepwise increase in membrane expression.
However, only NDT-2P23-NDT achieved MT-C34-equivalent protection.

To discover improved 2P23 variants, we generated a 2P23 peptide library with randomized N-/C-
terminal residues (NNK codons) and transduced it into HEK 293T/CD4/CCRS5 and CEM/CCRS cells.
Library-expressing cells were FACS-sorted, challenged with replication-competent HIV, and analyzed
by NGS to identify protective peptides. Twelve peptides were selected for further testing. Five peptides
showed increased surface expression and higher protective levels compared to 2P23. The protective
efficacy of these peptides will be further evaluated in infection tests with replication-competent HI'V.
Funding: The study is supported by the Russian Science Foundation, grant No. 22-15-00381-P.
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H1 binding stabilizes nucleosomes and promotes higher-order chromatin compaction while its
depletion leads to chromatin relaxation [1] and potentially increased DNA vulnerability. Salinas-Pena
et al. [2] have challenged the idea of functional redundancy among H1 variants, emphasizing the
distinct role of H1.5 in chromatin organization and genome stability. However, its involvement in
cellular responses to mutagens remains poorly understood.

Here we examined the genotoxic effects of doxorubicin (DOX) and mitomycin C (MMC) in MRC-5
and HeL a cells following H1-5 knockdown (KD) via CRISPR-Cas9.

To ensure that observed DNA damage was not confounded by cytotoxicity, cell viability was assessed
prior to genotoxicity testing using MTT and trypan blue exclusion tests. Based on these data, non-
cytotoxic concentrations were used in the subsequent micronucleus (MN) and comet assays.

HI-5 KD significantly increased spontanecous MNi frequency: from 9.5 + 0.7 %o to 18.0 + 2.8 %o in
MRC-5, and from 14.0 + 1.4 to 31.0 £ 1.4 %o in HeLa cells. DOX (0.0175-0.07 pg/ml) and MMC
(0.01-0.1 pg/ml) treatments led to dose-dependent increases in MNi, with consistently higher levels
in KD than WT cells. Comet assay results showed a similar pattern, with increased DNA damage (%
DNA in tail) in KD cells.

Our preliminary findings suggest that /-5 knockdown may enhance spontaneous and drug-induced
DNA and chromosome damage in normal and cancer cells. This may reflect a role for histone H1.5
in maintaining genome integrity, though further validation is needed. Understanding of how histone
depletion affects the genotoxic response to antitumor agents may help in the development of strategies
to minimize adverse effects in cells with H/-5 gene alterations.

Funding: The study is supported by the HESC of the MESCS of the RA (No. 21AG-1F068; No. 24AA-
1F057), and jointly by the BMBF (No. 22SC-BMBF-1C001).
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CRISPR-Cas systems represent a powerful tool for editing the genomes of various organisms,
including humans and animals. However, currently used systems have significant limitations related
to the narrow range of recognizable PAM sequences (5’-NGG-3’ for SpCas9) and the large size of
effector proteins (160 kDa for SpCas9) [1]. To expand the genome editing toolkit, it is critically
important to broaden the spectrum of utilized systems by searching for and studying new orthologs of
effector proteins.

This study investigates a novel type II CRISPR-Cas system — KiCas9, discovered in bacteria of the
genus Kiritimatiella. For the functional characterization of the system, the recombinant effector protein
KiCas9 (size 120 kDa) was obtained, and crRNA, tracrRNA, and single guide RNA (sgRNA) were
designed and synthesized to perform in vitro reactions.

The research results confirmed the nuclease activity of the KiCas9 protein in vitro. The highest DNA
cleavage efficiency was observed when using the engineered sgRNA and a DNA template containing the
PAM sequence 5’-TAACAC-3". The optimal conditions for the nuclease’s function were determined:
the most effective temperature range is 35-42°C, which is optimal for potential work in mammalian
cells. An interesting feature of the KiCas9 PAM sequence is that it can potentially encode stop codons,
which theoretically allows the use of the KiCas9 system for the efficient design of expression genetic
constructs.

References
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Argonaute proteins (Ago) are the central components of the RNA interference machinery in eukaryotes.
Homologous proteins have also been discovered in bacteria and archaea. Prokaryotic Argonautes
(pAgos) are an expanding family of programmable nucleases that use small guide oligonucleotides to
recognize target nucleic acids. Like prokaryotic CRISPR-Cas systems, pAgos act as innate immune
systems of host cells, protecting them from invading nucleic acids (bacteriophages and plasmids). In
contrast to eukaryotic Ago proteins, most studied pAgo nucleases bind DNA guides and cleave target
DNA, but we have recently described pAgos that have a unique specificity for RNA targets.

In this study, we have investigated a putative nuclease from the PD-(D/E)xK superfamily that belongs
to the Cas4 family and is encoded in one operon with an RNA-targeting pAgo nuclease. The enzymatic
activity of the Cas4 proteins associated with pAgos has not been fully characterized. Although the co-
occurrence of pAgos and Cas4-like nucleases suggests a functional link between these proteins, the
biological significance and molecular mechanisms underlying this potential functional association
remain unknown.

We co-expressed the Cas4-like nuclease with the pAgo protein in Escherichia coli, purified the proteins
and showed that they form a heterodimeric complex. We investigated the activity of Cas4-like nuclease
and its catalytic mutant in complexes with pAgo in vitro. It has been shown that the nuclease can cleave
single-stranded DNA substrates and possesses 3’-5” exonuclease activity, depending on the divalent
cations Mn2+ or Mg2+. The efficacy of cleavage depends on the length and sequence of ssDNA
substrates, indicating possible preference of the nuclease for specific substrate structure and sequence
motifs. The nuclease is active over a broad temperature range from 15 to 55 °C, with optimum at
37 °C. The nuclease activity leads to the formation of additional products through hydrolytic cleavage
of the target RNA by pAgo. We show that the nuclease can participate to the generation and trimming
of guide DNAs used by pAgo, resulting in changes in the pattern of RNA cleavage product generated
by pAgo in vitro. In vivo, Cas4-nuclease and pAgo act in conjunction to provide defense against
bacteriophages. In conclusion, the results suggest that Cas4-nucleases may cooperate with pAgo
proteins in generating specific guide DNAs and protecting bacterial cells from invaders.

Funding: The study is supported by the Russian Science Foundation (22-14-00182-P).
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Restrictive cardiomyopathy (RCM) is a severe rare myocardial disease with a poor clinical prognosis.
A novel heterozygous in-frame deletion in FLNC (c.7416_7418delGAA) was recently identified
in a pediatric patient diagnosed with RCM. This mutation is hypothesized to exert a dominant-
negative effect, potentially impairing the normal function of the Filamin C protein. To study disease
mechanisms and evaluate gene therapy approaches, we previously generated a knock-in mouse
model carrying this FLNC mutation using CRISPR-Cas9 genome editing. In the present study, we
performed RNAseq analysis of cardiac tissue from mutant and wild-type mice to investigate gene
expression changes associated with the pathogenic FLNC variant. Differential gene expression analysis
identified 178 genes, with KEGG enrichment analysis indicating transcriptional changes associated
with ECM-receptor interaction (mmu04512), muscle cell cytoskeleton (mmu04820), focal adhesion
(mmu04510), and ABC transporters (mmu02010). We then evaluated alternative splicing and detected
a total of 63 differential splicing events, including 43 exon skipping (SE), 5 alternative 5’ splice site
(A5SS), 9 alternative 3’ splice site (A3SS), 2 mutually exclusive exon (MXE), and 4 retained intron
(RI) events. Notably, genes affected by alternative splicing, including DEPDC5 (A3SS, SE), Myh7
(A5SS), and MYRF (SE), were associated with biventricular hypertrophy (HP:0200128) according
to the Human Phenotype Ontology database. Thus, RNA-seq analysis of cardiac tissue from FLNC
c.7416_7418delGAA knock-in mice revealed significant alterations in gene expression and splicing
patterns. Further studies are required to clarify their association with the cardiomyopathy phenotype
and to determine the biological significance of these changes.
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Negative symptoms in schizophrenia — particularly avolition/apathy (AA) and diminished expression
(DE) — are linked to disability and poor treatment response. Recent findings suggest involvement
of neuroinflammatory pathways. The urokinase plasminogen activator receptor (uPAR), encoded by
PLAUR, modulates neuroinflammation, neurodevelopment, and extracellular matrix remodeling—
processes relevant to schizophrenia and sensitive to perinatal insults. We hypothesized that PLAUR
polymorphisms influence negative symptoms and interact with early-life risk factors.

We examined 552 schizophrenia-spectrum patients (64.7% women, mean age 35.7 + 12.8 years,
illness duration 11.6 + 10.3 years). Inclusion criteria: ICD-10 F20.x/F25.x, age >16, European
ancestry, PANSS data. PANSS scores were used to quantify symptom domains. Premature birth and
birth complications were identified from medical records.

Genotyping of PLAUR SNPs (154760, rs344781, rs344779) was based on Illumina GSA v3 array data,
processed in PLINK. Statistical analyses used JASP v0.19.0. Hardy—Weinberg equilibrium was tested
via ¥2. ANCOVA assessed SNP and environmental effects on PANSS domains, with sex and illness
duration as covariates; Tukey’s HSD was used for post-hoc comparisons.

SNP 154760 was associated with total negative symptoms (p = 0.002), AA (p = 0.005), and DE
(p = 0.002). AA genotype carriers had lower scores than G+ (Mean Diff =-2.163, p = 0.002). This
remained significant only in patients without perinatal adversity. rs344781 showed a main effect on
negative symptoms (p = 0.016) and interacted with prematurity (SA p = 0.014, DE p = 0.009); TT
carriers born preterm had lower DE scores (p = 0.048). rs344779 was associated with positive (p =
0.016) and general symptoms (p = 0.026), and showed a trend-level interaction with prematurity in the
SA domain (p = 0.041).

Our results highlight the contribution of PLAUR polymorphisms, especially rs4760 and rs344781,
to negative symptom dimensions in schizophrenia, potentially mediated by neuroinflammation and
gene—environment interactions.

Funding: This work was supported by the Ministry of Science and Higher Education of the Russian
Federation (the Federal Scientific-technical programme for genetic technologies development for
2019-2030, agreement No. 075-15-2025-474 0f 29.05.2025.
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Efficient editing of the mitochondrial genome holds great promise for treating rare inherited diseases.
However, current enzymatic tools are limited by the impermeability of mitochondrial membranes [1].
In this study, we introduce an alternative strategy based on prokaryotic Argonaute (pAgo) proteins,
which offer key advantages over CRISPR-Cas nucleases, including smaller size, PAM-independent
targeting, and the ability to use either RNA or ssDNA guides [2].

We report, for the first time, that a programmable pAgo fused to a mitochondrial targeting sequence
(MTS) can be efficiently imported into human mitochondria, as demonstrated by immunocytochemical
analysis. To assess whether pAgo remains functionally active after mitochondrial import, we performed
a proof-of-concept experiment targeting the mitochondrial control region — specifically, the D-loop
and R-loop structures — which play a central role in regulating mtDNA replication. Upon transfection
with short synthetic guide RNAs designed to hybridise to these single-stranded regions, we observed
a reproducible ~3-fold reduction in mtDNA copy number in HEK293T cells, as quantified by qPCR.
Importantly, catalytically inactive pAgo mutants and pAgo variants lacking the mitochondrial targeting
sequence did not affect mtDNA levels, indicating that both mitochondrial localisation and nuclease
activity are required for the observed effect.

While further optimisation is required, these findings demonstrate the potential of programmable
Argonaute systems for targeted manipulation of mitochondrial DNA and lay the groundwork for
future development of compact, PAM-independent genome editing tools suited for mitochondrial
applications.

Funding: The study is supported by the Russian Science Foundation, No. 25-24-00078.
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