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0-AKTUHUMH-4 — 3TO aKTUH-CBSI3BIBAIOIINI OEJIOK, KOTOPBII BOBJIEUEH B IIMPOKMI CITEKTP KIJIETOYHBIX
npoleccoB. Hapsimy ¢ akTMHOM M IpyrMMM OellkaMW aKTWHOBOTO ITMTOCKeNeTa, O-aKTUHUH-4 oOHapy-
JK€H He TOJIBKO B LIMTOIIa3Me, HO M B sIpe KIETOK Pa3IMYHBIX TUIOB. B KadyecTBe simepHOro 6eiaka oH
MPUHUMAET Yy4acTUE B PEryJsiiUM aKTUBHOCTM HEKOTOPBIX TPAHCKPUMUMOHHBIX (hakTopoB. B yacTHOCTH,
OH MOXET peryJupoBaTh akKTUBHOCTH (hakTtopa NF-kB, KOTOpbIli BO MHOTOM OMpeneisieT yCTOHYMBOCTD
PaKOBBIX KJIETOK K aIlolTo3y M TIPOTUBOPAKOBOW Tepanmuu. B Xoie HAIIUX TMPEIbITyIIAX HCCAeTOBAHMIMA
OBUTO OOHApPYXXEHO, YTO O-aKTUHUH-4 MOXKET BJIMSATh Ha YCTOMYMBOCTb PAKOBBIX KJIETOK K MHTMOUTOpaM
tonouszomepasbl Il 1 ompenensith 3pHeKTUBHOCTD penapauuu AByxilernoyeyHblx paspbiBoB JHK, pery-
Jmpys coopky kKomruiekcoB 6ea1koB HRR m NHEJ. B Hactoseit paboTe MBI MONBITAINCh OTBETUTH Ha
BOIIPOC, KaKUM O0pa3oM O-aKTMHWH-4 y4acTBYET B PETYJSIIIMU perapaiiiy IBYXIETOYeUHBIX pa3pbIBOB
JHK mpu renHorokcuueckom crtpecce. Hamim pe3yabTaThl yKa3blBaloT Ha TO, YTO BJIMSHUE O-aKTUHUHA-4
Ha MPOXOXIEHUE perapaliuu B KJIeTKax HEMEJKOKJIETOUHOro paka jerkoro JuHuu H1299 He 3aBucuT oT
aKTUBHOCTHM TpaHCKpUIIMoHHOTO hakTopa NF-kB. Mbl oOHapyxuiu, uto B sape Kietok H1299 a-ak-
TUHUH-4 He TOJIbKO JIOKAJM3yeTcsl B HYKJIeoIla3Me, HO U OOHApyXKMBaeT TECHYIO CBSI3b C XPOMATHHOM.

Knioueswvie crosa: o-aktunuH-4, NF-kB, penapauusa JJHK, HeMelIKOKIETOYHBINA paK JIETKOrO

Tpunsmote coxpawenus: HMKPJI — HemenkokneTounslit pak jierkoro; OT-TIHP — nmonumepasHast nienHast
peakuust (ITLIP) ¢ obparnoii Tpanckpumueit (OT); ACTN4 — a-aktunuH-4; HRR — pemapaumsa JTHK
IyTeM roMojoTnyHoii pekomOuHauuu (homologous recombination repair); NHEJ — penapanus JTHK B
pesyJbTate HETOMOJOTMYHOTO BOCCOEAMHEHUsT KOHIIOB (non-homologous end joining); TOPOII — Tormo-

nzomepasza II.
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AKTHUH-CBSI3bIBAIOIIMI  0O€JOK Q-aKTUHUH-4
(ACTN4) npuHaIexXuT K CIIEKTPUHOBOMY cyIiepce-
MEMCTBY, KOTOPOE BKJIIOUAET B ce0s1 pa3HOOOPa3HYIO
rpyIny 6eJIKOB LIMTOCKENETa, Cpear KOTOPhIX alibdha/
OeTa-crieKTpuHBI U guctpoduHsbl (Baron et al., 1987).
ACTN4 obHapyxXeH NpaKTUYECKHU B KJIETKaxX BCEX TH-
OB OpTaHW3Ma YeJIOBeKa 1 yJacTBYET B OpraHM3aIuu
akTrnHOBOTO HuTockenera. I1pu aTom ACTN4 He BX0-
JIUT B COCTAaB COKPATUTEJbHBIX 3JIEMEHTOB KJIETOK
mbieyHoit Tkanu (Dixson et al., 2003).

ACTN4 nepBoHavyaibHO OB OMMCaH Kak OesoK,
ACCOLMMPOBAHHBIN C TOABUXKHOCTBHIO PAKOBBIX Kile-
Tok (Honda et al., 1998). C Tex mop emy Obl1 npu-
CBOGH IIEJBIA psII pa3IMYHBIX (DYHKIIWI, HadmHast
OT IIMTOIIa3MaTUYECKOM CTPYKTYPHOI OpraHu3aluu
uutockesieta (Honda et al., 1998; Agarwal et al., 2013)
W 3aKaH4YMBasl PETryJsIiieil aKTUBHOCTH TPaHCKPHUII-
LIMOHHBIX (hakTopoB (Aksenova et al., 2013; Zhao et
al., 2015, 2017).
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WN3menenus ypoBHS skcnpeccun reHa ACTN4
aCCOLMUPYIOTCSI C OMpeAeeHHBbIMUA TUIIAMM paka
U MOTYT OMNpenessiTh CKOPOCTh Ipoaudepauuu u
murpauun kiaetok (Gao et al., 2015; Honda, 2015;
Tentler et al., 2019; Huang et al., 2020). O0HapyxeHa
B3aIMOCBSI3b MeXny ypoBHeM skcnpeccun ACTN4
kak Ha ypoBHe MPHK, Tak 1 Ha ypoBHe Oejika B OITy-
X0JIsIX U 3((PEKTUBHOCTHIO TIPUMEHSIEMOU aabIOBaHT-
HOl XUMHUOTEpaIuu y MalUeHTOB ¢ HEMEIKOKIIETOU-
HbIM pakoM Jerkoro (HMKPJII).

IToBbilIeHHBIN ypoBeHb 3kcnpeccun ACTN4
B OITyXOJISIX aCCOLIMMPOBAaH C JIYUIIMM ITPOTHO30M
BBDKMBAEMOCTU MALIMEHTOB B ClIyvae MPUMEHEHUS Y
HUX aabIOBaHTHOI XMMUOTEPAIIUU TIperapaTaMu 1KUC-
wiatiH 1 S-¢gropypanmi (Noro et al., 2013, 2022;
Miura et al., 2016; Shiraishi et al., 2017).

B xome Hamux TNpenblaylIMX MCCIea0BaHUN
MBI TIPOAEMOHCTPUPOBAIM, UTO MOAABJIEHUE 3KC-
npeccun ACTN4 npyu moMoIiyd MeToda T€HOMHOIO
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penaktupoBanust CRISPR/Cas9 Ha MomenbHBIX M-
HUSIX KJIETOK paKa JIEFKOro MpUBOAWIO K U3MEHEHUIO
AKTHBAllMU arolTo3a U yBEJIMYEHUIO MX YCTOWYMBO-
CTU K JEHCTBUIO MHIMOUTOPOB ToIlom3omMepasbl Il
(TOPOII). Mb1 nokazanu, uto ACTN4 BoBieyeH B
peryJisiuMIo perapanydu IBYXILIENOYEYHbIX pa3pbIBOB
JHK B xnetkax HMKPJI. IlogaBneHue skcnpeccuu
ACTN4 npuBoamyio K HapyLUIEHUIO COOTHOILIEHUS
YacTOThl BOCCTAHOBJIEHUSI ABYXLEMOUEUHBIX pa3pbl-
BoB JIHK mnpu momMomm OCHOBHBIX ITyTel perapa-
LIUM — HEroMOJOTUYHOIO0 BOCCOEAWHEHWS KOHIIOB
(non-homology end joining — NHEJ) u penapaiuu c
MOMOIIIbIO TOMOJIOTMYHOUM pekomOuHauu (homology
recombination repair — HRR) (Kriger et al., 2022).

Mcxoast M3 HallMX Pe3yJbTaTOB, MbI MOJIaraeM, 4To
ACTN4 MoxeT ObITh BOBJIEUECH B PETryJIsILNI0 COOPKM
koMruiekcoB 6enkoB S3BP1 u BRCA1 — kioueBbIX
(bakTOpOB, OTBEYalONIMX 3a WHUIIMALIMIO pernapanuu
JIBYXILIEIIOUYEeUHBIX pa3pbiBoB (Short, 2011; Moureau et
al., 2016; Mirman, de Lange, 2020). OgHako ocTtaeT-
Cs HETNOHSTHBIM MEXaHU3M, IMOCPEICTBOM KOTOPOTO
ACTN4 MoXeT oKa3bIBaTh BJIMSHHE Ha PETYJISLIMIO
CcOOpKM 3TUX KOMIIJIEKCOB.

ACTN4 B3anMOIEICTBYeT C OecsATKaMHu OCIKOB,
Cpelu KOTOPbIX TpaHCKPUILIMOHHBIN ¢dakTop NF-kB
(Aksenova et al., 2013; Lomert et al., 2018). ACTN4
COJIOKAJIU3YeTCsl C TPaHCKPUIILMOHHBIM (aKTOpoM
NF-kB u, B3aumoneiictBys ¢ cyobenuHuieii RelA,
MOXET CITOCOOCTBOBAaTb aKTUBAIlMM TPAHCKPUMLIUU
3aBucuMbiX oT NF-kB renos (babakoB u ap., 2004;
Aksenova et al., 2013).

B ocHoBHOI1 Macce omyxoJieii, B Kotopbix NF-kB
KOHCTUTYTMBHO aKTMBEH, PAKOBbI€ KJIETKU XapaKTe-
pu3yloTcst 6oJiee BBICOKOM BBIKMBAEMOCTBIO 3a CUET
aKTUBAallMM aHTU-aIlloNTOTMYeCKMX TeHoB (Staudt,
2010; DiDonato et al., 2012; Xia et al., 2018). Ak-
tuBauusi NF-kB mpoxoaut B xoie MpUMEHEHUST XU-
MHWO- U PaAMOTEepaneBTUUYECKUX CTpaTervii Tepanuu
PaKoBBbIX OMyXOJieil, KOTOpble MpeaHa3HaYeHbl IJIs
YHUUTOXEHUST PAKOBBIX KJIETOK MOCPEACTBOM MHIYK-
v anonro3a (Magné et al., 2006).

NuruoupoBanue axtuBauuu NF-kB mpusogut
K yay4yiieHuo 3Q@OeKTUBHOCTU TTPOTUBOOITYX0JIEBOM
tepanuu (Nakanishi, Toi, 2005). C ogHOi#1 CTOPOHHI,
nuHaykuusi NF-kB moxkeT mpuBoauTh K 3aIepxKe
KJIETOYHOU TMOeNu 1, TeM CaMbIM, MPEIOCTaBISTD
BpeMsI cUCTeMaM perapaliuyd Ha BOCCTaHOBJIEHUE T10-
Bpexaenuii (W. Wang et al., 2017). C gpyroii cropo-
HBI, akTuBannsg NF-kB MoxxeT BeI3BIBaTh 3aMelJICHIE
npoaudepanuu kiaetok (Ricca et al., 2001; Lomert
et al., 2018).

B xone Hameir paGoTbl Mbl MOMBITATUCH MPUOIH-
3UTBCST K TIOHUMAIO BEpOSITHOTO MEXaHM3Ma YJIaCTHS
ACTN4 B pemapauuy ABYXUEHNOYEUHBIX Pa3pbIBOB
JHK. 3amaum paGotel: 1) mpoBepuThb, 3aBUCUT JIU
ypoBeHb 3kcmpeccun NF-kB-3aBucUMBIX TEeHOB,
B TOM YMCJIe U TeX, MPOAYKTbl KOTOPHIX BOBJICUEHDI
B oTBeT KjieTku Ha noBpexaeHue JIHK, or ypoBHs
akcrnipeccun ACTN4 B kjaetouHoil auHum H1299;
2) OLIEHUTb, MPUBOIUT JU KOHCTUTYTHUBHASI aKTH-
Bauus NF-kB K uM3MEHEHUIO YyCTOMUYMBOCTU KJIETOK
K IEMCTBHIO TEHOTOKCHUYECKUX TIPETTapaToB M N3MEHE-
Huto 3 dektuBHocTH penapauuu JJHK; 3) nposectu
aHaM3 SIIEPHBIX OETKOBBIX SKCTPAKTOB, COAEpKAIIIUX
0enku ppakluyd TUCTOHOB.

Haiu pe3ynbTaThl yKa3biBaloT Ha TO, YTO BJAUSIHUE
ACTN4 na npouecc pernapaiuu B kjietkax HMKPJI
JuHun H1299 He 3aBUCUT OT aKTUBAIIMKM TPAHCKPUII-
nuoHHoro (akropa NF-kB. Mb1 oOHapyXuau, 4To
B gape kiuetok H1299 ACTN4 MoxeTr TeCcHO CBsI-
3BIBATHCSI C XPOMATHHOM, YTO, BO3MOKHO, JIEXKUT
B OCHOBE €ro BJMSHMS Ha perapaiuio pa3pbiBOB
JHK.

MATEPUAII 1 METOIUKA

Knerounnle quHnmm u Bo3neiictBusg. B pabore mc-
nojb3oBaau kiaetounsle JuHuu HMKPJI (H1299;
ATCC, American Type Culture Collection) ¢ pa3HbIM
ypoBHeM 3kcripeccuu reHoB ACTN4 u RELA. Me-
TOAMKA TOJIYYEHUS] KJIETOUYHBIX JUHUN C TOJTHBIM
HokayToM ACTN4 (munusi ACTN4KO) u oBepakc-
npeccueit ACTN4 (nunuss ACTN4OE) noapoGHO
onucaHa paHee (Kriger et al., 2022). Mcnoab3oBanu
muaun ACTN4KO, nonydyeHHbIE OT pa3HBIX KJIOHOB
u obo3HaueHHble ACTN4KO cll u ACTN4KO_cl2.

B xauecTBe KOHTPOJBHOW JMHMU UCIIOJIb30BaIU
muauio H1299 ACTN4WT, kotopas Hecyia TeHHO-
WHXXEHepHY0 KOHCTpyKinio 6e3 gRNA. Meronuka
MOJy4YeHusl TMHUU ¢ Tunepakcnpeccuein RelA, cyob-
eaunuiibl NF-kB, (H1299 RelAOE) onucana paHee
(Lomert et al., 2018).

Kierku kynbptuBupoBaau B cpene RPMI-1640
(Gibco, CIIA). B cpensr mo6asnstiu 10% wHakTh-
BUPOBAaHHOU 3MOpPUOHAIbHON ObIYbEH CHIBOPOTKU
(Gibco, CIIIA), 100 ex./mn nenuuminuda, 100 mr/mi
crpentomuiinHa (“buonor”, Poccust) u 2 MM L-rny-
tamuHa (“buonor”, Poccust). KneTtku KynbTUBUpPO-
BaJii MPU TOCTOSIHHBIX YCJIOBUSIX B MHKYOaTope IMpu
37 °C B yBmaxHeHHoit atmMocdepe 5% CO.,.

Hns vHnykuuyr otBeTa Ha moBpexaeHue JTHK
KJIeTKM o0pabaThiBalM T€HOTOKCUYECKUMM IIperna-
paTaMy C pa3HBIM MEXaHU3MOM ACHCTBUS: STOIMO3M-
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Taomuua 1. ITpaitmepsl, ncnonb3oBanHbie it OT-TTLP B peasbHOM BpeMeHMH

en IMocaenoBaTe bHOCTh TpaiiMepa Temmeparypa Pasmep mpomykTa,
(5'-3) orxura, (Tan ) HYKJICOTHU/IbI
GAGGAGTACGAGCAGATGGT
IKBA CCAAGTGCAGGAACGAGTC 63 123
CACAGTCACCTATGGCAACG
ICAMI CTGAGACCTCTGGCTTCGTC 64 187
cCL2 CATAGCAGCCACCTTCATTC 56 04
(MCPI) TCTGCACTGAGATCTTCCTATT
AAGCGGTCCCGTGGATAGA
BCL2 TCCGGTATTCGCAGAAGTCC 60 104
TGCCTGAAAACCAGATGACTATC
BRCA2 AGGCCAGCAAACTTCCGTTTA 60 154
CTTGTCCTTTCCCTTCAGTACC
DKNIA(P2]) | 1T CTTCTTGTGTGTCCCTTCC 60 109
GACCTCAACGCACAGTACGA
BBC3 (PUMA) | cACCTAATTGGGCTCCATCT 60 147
CACCATCTTCCAGGAGCGAG
GAPDH AAATGAGCCCCAGCCTTCTC 60 114
ACCGAGCGCGGCTACAG
ACTB CTTAATGTCACGCACGATTTCC 60 >9

JIOM, TOKCOPYOMIIMHOM WUIM IIMCTUIATUHOM B Pa3HBIX
KOHIIEHTpAIUsIX.

AHanu3 skcnpeccud reHoB Meroaom OT-IIIIP
B peajbHOM BpeMmenu. i aHanmM3a SKCIPECCHM Te-
HOB MHUILIeHEeN TpaHCKpuILMoHHoro daktopa NF-kB
npoBoausiv BbiaeneHue ToTaibHo PHK u3 knetok
pu MOMOILIM (PEeHOJI-XT0POOPMHOIN IKCTPAKIIUM Pe-
areHToM Trizol (Invitrogen, CIIIA) B cooTBEeTCTBUM C
NPOLEAYPOIi, ONIMCAHHON MPOU3BOAUTEJIEM.

Hns mocnenytomero cunre3a kJIHK ucmonb3oBa-
qu 2 Mkr totanbHoit PHK, rekcamepHbie mpaiiMepbl
n obpaTHylo TpaHckpuntazy MMLV (Thermo Fisher
Scientific, CIIIA). Peaxkmuio IILP B peanbHOM Bpe-
MEHU TPOBOAWIN C HCIOJb30BAaHUEM PEaKIIMOHHOM
cmecu 5X qPCRmix-HS SYBR (“EBporen”, Poccust)
Ha tepmouukiepe CX96 (Bio-Rad Laboratories Inc.,
CIIA). [ns HopMmanu3allMyd YPOBHSI 3KCHPECCUU
TeHOB KCIOJIb30BAJIM 3HAUEHUSI IKCIPECCUU TeHOB
GAPDH n ACTB. DKcrnepuMeHT ITOBTOPSUIM HE MEHee
TpeX pa3 il MoATBepKaAeHUs pe3yiabTata. MHbopma-
1IUST O TIOC/Ie0BATEIbHOCTH MTpaiiMepoB, TeMIiepaType
OTXHWra M pa3mepe IpoayKTa ykaszaHa B TaOiu. 1.

AHaMM3 BBIKHBAEMOCTH KJETOK. BbIXXMBaeMOCTb
KJIETOK OLIeHMBaJiM Tipu nomomm Meroga MTT. 3a
1 cytku nmo moOaBieHMsI T€HOTOKCUYECKHUX IIperia-
paToB KIIETKM paccaXuBaad B 96-TyHOUHYIO TLIATY
B moTHocTH 3103 xierok Ha 1 ayHky. Ha creny-
JOIIMEe CYTKM K KJIeTKaM IO00aBJSI Cpemy, COmep-
Kalllylo 3TOMO3UMA, JNOKCOPYOUILIMH WM LMCILUIATUH
B Pa3IMYHbIX KOHUEHTpaUUsSIX U Jajnee KyJIbTUBUPO-
BaJIU B TEYEHUE TPEX CYTOK.
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[lo mcreyeHUM 5TOrO BpPEMEHM I OLEHKH OT-
HOCUTEIBLHOTO KOJUYECTBA XXKU3HECTTOCOOHBIX KJIETOK
pactBop 3-(4,5-IUMETUITUA30I-2-1)-2,5-1uheHnI-
terpazoiuyM Opomuna (MTT) nobaBiasiiv B Kax-
JIyI0 JIYHKY B KOHEUYHOM KoHLeHTpauuu 0.5 Mr/Mia u
KYJIbTUBUPOBAIM €lle B TeuyeHUe 4 4 B TEeMHOTE TNpu
temrmepatype 37 °C. lanee cpeny ynausiid M KpUcTa-
JIBI (hopMa3zaHa pacTBopsii pactBopoMm AMCO (99%).

OnTuyYecKyo MJIOTHOCTb U3MEPSIA C TMOMOUIBIO
miaHmetHoro puaepa iMark (BioRad, CIIA) npu
nnvHe BoiHbI 570 HM. B kauectBe pedepeHca uc-
MOJTb30BaIM U3JIydeHWe Ha UIMHE BOJHBI 630 HM.
IMocTpoeHne KPUBBIX BBIKMBAEMOCTH OCYIIECTBIISI-
JIM, UCHONb3ysd oHjnaitH-pecypc Quest Graph™ IC50
Calculator (AAT Bioquest, https://www.aatbio.com/
tools/ic50-calculator).

Ouenka 3¢dexTuBHOCTH penapanun pa3psisos JTHK
npu nomoum Metona /IHK-kKomeT B e I04YHbIX YCJIOBH-
six. YTOOBI MHAYLIMPOBATh MOBPEXICHUS B MOJIEKYJE
JOHK, xnetku (15-10* na yamky Iletpu 35 Mm) 06-
pabaThIBaJi 3TONO3UAOM B KOHLeHTpanuu 50 MKM
B TeueHue 40 MuH. 3aTeM cpeoy MEHSJIM Ha CBe-
KYI0 M KJIETKU KYJbTUBUPOBAIU €llle B TeueHue 8 4
B CO,-uHKy0aTope ISl penapalu o0pa3oBaBLIUXCS
pa3pbiBoB. Uepe3 8§ 4 KIETKM CHMMAalIu PacTBOPOM
Tpuncun/Bepcena (3:7), mpoMbIBaJd U peCyCIleH-
IUpoBaiu B (pochaTHO-coieBOM OychepHOM pacTBOpe
(PBS) oobemom mpubauszuteabHo 100—200 mMxir mis
JOCTXEHMsI KOHLeHTpauuu 1.5-10° Ki1eTok/MiI.

M3 mosyyuBieiicsl cycrieH3un KJIETOK OTOMpaiu
4 Mk u gobasnsuin K 40 M 0.5%-HOMY pacTBOpy
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JerkorutaBkoil arapo3nl (R&D systems, CIIIA) B co-
otHommeHun 1:10, Harperoit 7o 37 °C, M TIIATEILHO
nepemMeIBaIu (HOCUK 103aTopa T0JIKeH ObITh Cpe3aH,
JJ1s1 o0JieTYeHUsl pecyclieHIupoBaHusl). 3a CYyTKU 0
9KCIIEpMMEHTa IIpeaMeTHbIe cTekiaa (Menzel-Glaser,
GmbH, TI'epmaHus) MOKpBIBaIK ropsyuM 1%-HbIM
pactBopoM arapo3snl (TopVision Agarose, Fermentas,
JInTBa) W BEICYIIVMBAIA B TeUeHUE HOYM TIPY KOMHAT-
HOI TemmepaType.

OO0pa3slbl KJIETOK, PeCcyClIeHAMPOBaHHbBIE B JIETKO-
TUIaBKOH arapo3e, HAHOCWJIM Ha MOJATOTOBJIEHHbIE Ha-
KaHyHe TMpeaMeTHbIe cTeksa (Cliaiiibl) U HaKpbhIBaIu
MOKPOBHBIM cTeKJIoM. Claiiibl BHICYIIMBAINA B Tede-
Hue 10 muH nipu 4 °C 1 3aTeM TOKPOBHbIE CTeKJia
cHumanu. Jlajee Bce MaHUMYJSIUMU CO claiigamMu
MPOBOIMIIM Yepe3 IOrpyXKeHUe WX B pacTBOp (JIUTh
Ha HUX XUIKOCTh CTPOTO 3aIlperaercs).

Cnaiiasl moMellaiu B Iu3upyromuit oygep (2.5 M
NaCl, 0.1 M EDTA, 10 MM Tris-HCI1 pH 10.0, 1%
Triton X-100) Ha 1 y npu 4 °C, a 3aTeM — B I11€JI0Y-
Hoii Oydep (0.2 M NaOH, 1 mM EDTA pH 10.0)
Ha 20 MMH B TEMHOTY IIpM KOMHATHOW TeMIIepaType.
Cralisl OTTOJIACKUBAJIN B XOJIOMHO BOJE M TTOIBEpra-
Jm snekTpodopesy npu 23 B B Teuenue 30 MUH B TO-
PU30HTAJIBHOI Kamepe, 3aIll0JTHEHHOM OXJIaXKIEeHHBIM
oygepom (0.2 M NaOH, 1 MM EDTA).

Ilepen oxpamuvBaHueM ciaiabl 2 pa3za TPOMBbI-
BaJIM XOJIOAHOM BOMOIl B TeYeHME 5 MHUH. 3aTeM X
norpyxanu B 70%-HbIil pacTBOp 3TUJIOBOIO CITUPTA
n BeicymnBanm npu 37 °C. OkpamuBajid BOIHBIM
pactBopoM SYBR Green II (Sigma-Aldrich), pa3se-
neHHeM B 10000 pas.

ChbeMKy ClaiiioB Iejaayd Mpu IMOMOIIU CUCTEMBbI
BbICOKOIIpou3BoauTebHOoro ckpuHuHra CellVoyager
CQ1 (Yokogawa, Amnonust). st 3TOro MCIOJb30-
Bajii OOBEeKTUB C yBeauueHueMm 10X. ITojsydyeHHBbIE
M300pakeHUs aHAJU3UPOBAJIM, WCITOJIb3yd ILJIaruH
OpenComet. B kaxaom sKkcnepMMeHTe OLIEHMBaJIU
oosee 200 KJIE€TOK. DKCIIEPMMEHT ITOBTOPSIJIA HE Me-
Hee 3 pa3 i TTOATBEPXKICHUS pe3yibTaTa.

HMMyHOOKpammBanie KIeTok. 111 MMMyHOOKpaIi-
BaHUsI 0eJKOB B 96-JTyHOYHYIO ITJIATy CO CTEKJISTHHBIM
aaoMm 0.17 mxm (Eppendorf, GmbH, I'epmanmst) mac-
cupoBam kietku, 4-10° na 1 nynky. Ha cnenyromue
CYTKM KJIETKU 00pabaThiBaiM 3TOMO3UIOM B KOHIICH-
tpauuu 50 MKM B TeueHue 40 MUH, TIOCJI€ YEro cpemy
MEHSUTM Ha CBEXYIO M KJIETKW KYJIbTUBHPOBAIN eIlle
4 4. Jlayiee UX IPOMBIBaJIA X0JIOOHBIM pacTBopoM PBS 1
dukcuposaiu 4%-HbIM pacTBOpOM IapadopMalibaeruia
B TeueHue 30 muH. [Toce 3Toro MX eie pa3 MpoMbIBa-
au PBS u nepmebeanusuposanu 0.5%-HbIM pacTBOPOM
Triton X-100, pa3BenennbiM B PBS, B Teuenue 15 muH.

YroObl n36exaTh Hecnen(pUIECKOrO CBSI3bIBAHUS
aHTUTENI ¢ OeIKaMM, KJIEeTKM MHKYOMpoBaaud B OJIO-
kupytoneM oydepe (0.5% Triton X-100 u 2% ObI-
YbEeTro ChIBOPOTOYHOro ajaboymuHa B PBS) B TeueHue
30 mMuH. MHKyOauuio KJIeTOK ¢ MEpBUYHBIMU aHTU-
teqamu (ramma-H2AX, no. 97184; Cell Signaling,
CIIA) mpoBoauiu B TedeHHe 1.5 4, mocje 4ero mx
nmpoMbeIBain 1 pa3 OiokupyomuM OygepoM U majee
WHKYOMPOBaJI CO BTOPUYHBIMU aHTUTEIAMU, KOHb-
IOTMpoBaHHBIMU ¢ (diyopoxpoMom Alexa 488 (no.
a-11008; Invitrogen, CIIIA) B Teuenune 40 MuH.

Hanee ki1eTku oTMbIBaIM ele 3 pasa. OKpaiuBa-
HUeE siIep OCyIIecTBIsIM Kpacureiiem Hoechst 33342
B KOHEYHOM KoHIleHTpauuu 4 MKr/MJ (Sigma-Aldrich,
CIHIA). CbeMKy 1 MOCIEAYIONINN aHATU3 U300paxe-
HUI OCYIIECTBIISIN MPHU TTOMOIIM CUCTEMBI BBICOKO-
npousBoguTepbHOTO0 cKpuHuHra CellVoyager CQl
(Yokogawa, fnoHust).

Buyrpukieroynoe ()paKiOHAPOBAHHE M MMMYHOTH -
opmmmsamusa. [1poObI, comepxXarmye (GpakIuio saep-
HBIX OEJIKOB, TOJyYyalud TpU IMOMOIIM MeToiaa cyo-
KJIETOYHOTO (PpakLMOHUpOBaHuUs. i BbIICICHUS U
OUMCTKU sIiep M3 KJIETOK MCIMOJIb30Bad METO, OIU-
caHHbIi paHee (babakos et al., 2004) ¢ HeKOTOPBIMU
MOIN(PUKALIUSIMU.

Knetku ¢ yamek (150 MM) cHUMaIu MpU MOMOIIA
PE3MHOBOIO CKpebKa, cobupaiy 1 oTMbIBasii B PBS.
Knerku ocaxpanu mpu 1.5 ThIC. g B TeyeHUE 5 MUH
1 pEeCyCIIeHANPOBATN B 2 MJI TUIIOTOHHYECKOTO OYy-
depa (10 MM Hepes pH 7.9, 1.5 MM MgCl,, 10 MM
KCl, 1 MM DTT, 1 MM PMSF, uaruourops! mmporeas
(Roche, IlIBeittiapusi)) 1 MHKyOUpoBaiu B TeYeHUE
1 4 (10 MOMEHTa JIU3K1ca) BO JIbIY.

B TeueHMe 3TOTO BpeMEHU CYCIIEH3UIO KIETOK
WHTEHCUBHO IlepeMelInBaiyd Ha BopTeke um 20 pa3s
nponyckaim yepes uriy nuamerpom 22.5G. KoHTpoib
BCKPBITUS (pa3pylLIeHUsT KIETOYHOM MEMOpPaHbI 1 BbI-
CBOOOXIEHUE siep) KIETOK OCYILECTBISIN TPU MO-
MOIIIY CBETOBOTO MUKpockomna. st ocaxkneHus hpak-
MU SIep CYCIEH3UI0 HEHTPUDYTUPOBAIN B TeUCHUE
5 muH nipu 2.5 Teic. g u 4 °C. CynepHaTtaHT OTOMpaiun
B OTIEIbHYIO MPOOUPKY U UCIIOIb30BAIM IS aHAIM3a
LIMTOIIa3MaTUIECKNX OEJIKOB.

OcaxaeHHbIE sIipa OYUINAIM OT OCTaTKOB ILIUTO-
CKeJIETHBIX CTPYKTYp B pacTBope 0.5 M caxaposbl. s
9TOr0 OCANOK sep pecycreHaupoBaind B 250 MKII TH-
MOTOHMYeCKOro Oydepa U akKKypaTHO HAaHOCWIM TMO-
Bepx 750 MKJI caxapo3bl. I1poObl LeHTpUGyTUpoBaIn
B TeyeHue S5 MuH npu 3.5 Thic. g u 4 °C.

Broinenenue simepHoOl 0OeIKOBOM (ppaKkiu, comep-
Kallleil TpaHCKPUIIIMOHHbIE (PaKTOpbl, MPOBOIUIU
B TeueHre 30 MUH Ha JpOy B Oydepe, comepxalieMm
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400 MM NaCl, 20 MM HEPES pH 7.9, 25% rnu-
uepuHa, 1.5 MM MgCl,, 0.4 MM EDTA, 0.4 MM
PMSF, 1 MM DTT u unru6urops npoteas (Roche,
IBeitapus).

YtoOBl MOMYyYUTH SIACPHBIE OEJIKM, CBSI3aHHBIC
C XpOMaTHHOM, Siapa TpelBapuTeIbHO 0OpabaThiBa-
Jm O6enH3oHasoi (Sigma-Aldrich, CIIIA) B TeueHue
15 mun B O0ydepe, comepxamem 20 MM NaCl, 20 MM
HEPES pH 7.9, 25% rauuepuna, 1.5 MM MgCl,,
0.4 MM EDTA, 0.4 MM PMSF, 1 MM DTT u un-
rubutopsl npotea3 (Roche, IIBeiiapust).

3aTeM K CYCIeH3MM A00aBJSIM MO KarlisgM paB-
HBIN 00beM Oydepa, comepxamiero 840 MM NaCl,
20 MM HEPES pH 7.9, 25% rnuuepuna, 1.5 mM
MgCl,, 0.4 MM EDTA, 0.4 MM PMSF, 1 MM DTT
u nuHrubutopsl npotea3 (Roche, IIBeitnapus) u uH-
KyoupoBanmu B TeueHue 30 MuH. Ha Jabay. OcTaTkm
sgaep ocaxnanu ileHTpudyrupoBanueM (14 Twic. g,
10 MuH), cynepHaTaHT MCHOJb30BAIM ISl aHaIU3a
SAePHBbIX OEJIKOB.

K nmnonyyeHHbIM mpoGaM jgo0GaBasiium  Oydep
Laemmli (60 MM Tris-HCI pH 6.8, 10% rauuepuHa,
2% SDS, 0.2% 6pomdeHomoBoro cuHero, 5% DTT)
u niporpeBayii Tipu 96 °C B Teyenue 10 MuH.

Kaxnplit odpaseln pa3aeyisiyii Npu MOMOIIU 3JIeK-
Tpodope3a B 12%-HoOM TOTMAKpUIAMUIHOM TeJe,
conepxaiiem SDS, u 6elky mepeHOCWIM Ha HUTPO-
Hesunoao3nyo Memopany 0.22 mxm (Millipore, Wp-
JIAaHIWsI) B TPUC-TJIIMIIMHOBOM Oydepe, comepiKameM
20% sranona (v/v) mpu 100 B B Teuenue 2 4.

ITocne mnepeHoca wMeMOpaHy WHKYOMpOBaIu
B pacTBope 5%-HOTo 00e3KMpPeHHOro MoJoKa. s
BU3yaJIM3allM OEJIKOB MEeMOpaHy MHKYOMpOBAIU CO
cneuu(pUUHbBIMU NepBUYHbIMU aHTUTeIaMu K ACTN4
wn Tuctony H1 B TeueHme HOUM, a 3aTeM — CO BTO-
PUYHBIMU aHTUTEJaMU, KOHbIOTUPOBAHHBIMU C TTEPO-
KMIa301 XpeHa, B TeyeHue 1 4.

XeMIUTIOMIHECIIEHIINIO PETUCTPUPOBAIM C TI0-
MOIIIbIO CUCTEMbI reib-mokymeHtanuu ChemiDoc
(Bio-Rad, CIIIA). B paboTe ObLIM MCHOJIb30BaHBI
nepBuyHble aHTUTeda K ACTN4 (no. 0042-05, 1:250;
ImmunoGlobe GmbH, I'epmanust) u k I'mcrony H1
(no. sc-8030, 1:500; Santa-Cruze, CIIIA) u cooTBeT-
CTBYIOLIIME K HUM BTOpUYHbIC aHTUTeNa: no. A05S45 u
no. A9044 (Sigma-Aldrich, CIIA).

Mgt Bu3yanmszanuu OEJIKOB B Telie MPUMEHSIIN
MeTon oKpammBaHus mo Kymaccu ¢ mcmonb3oBa-
HueM PageBlue Protein Staining Solution (Thermo
Scientific, CIIIA) corimacHO MHCTPYKLIMM IIPOU3BO-
TIATEIIS.

CraTucrnyeckasi 00padoTka pe3yabTaToB. [1pu aHa-
JIN3¢ OTHOCUTEIHHON BBIKMBAEMOCTHM KJIETOK METO-
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nomM MTT kaxmyio TOuKy Bocmpou3Boawiu 4 pasa,
a Kaxblil SKCTIEpMMEHT MOBTOpsIM 3 pasa. JlaHHbIe
OT-IILP B peanbHOM BpeMEHHU IIPEIACTaBICHBI CPE-
HUM 3HAUYE€HUEM U €ro OIIMOKOIl U3 He MeHee Tpex
MOBTOPOB U3 OAHOTO 3KcrepuMeHTa. CTaTUCTUYECKYIO
3HAYMMOCTh paccMmatrpuBaiv npu p<0.05 ¢ ucnosb-
3oBaHneM U-kpurtepuss MaHHa—YuUTHU.

PE3VJIBTATHI 1 OBCYKIEHUE

B xome Hamiero mpembIAyIero MCCICIOBAHUS MBI
00OHapyKWIK, YTO NMOJAHbIA HoKayT ACTN4 B KineTKax
guaun H1299 npuBoaMT K MOBBILIEHUIO YCTOWYM-
BoctH KieTtok K JIHK-moBpexnawomnium mpernaparam,
ycuneHuto penapauuu mo nmytu NHEJ u HekoTopomy
nonasiaeHuio nytu HRR (Kriger et al., 2022).

CorracHo HammM Oonee paHHUM padoram, ACTN4
YCUJIMBAaeT aKTUBAlLMIO TPAHCKPUIILIMOHHOTO (pakTopa
NF-kB (Aksenova et al., 2013), KOTOpPbIii IIIMPOKO U3BE-
CTEeH yJyacTHeM B KOHTPOJIE KJIETOYHOTO LIMKJIa, arloNTo-
3a ¥ YCTOMYMBOCTH KJIETOK K ITPOTMBOPAKOBOI1 Tepanuu
(Bours et al., 2000; Mayo, Baldwin, 2000; Ricca et al.,
2001; Campbell et al., 2004; J. Wang et al., 2009).

Ha nepBom sTane HacTtosuieil paboTbl MBI ITPOBE-
pwin, IPUBOAUT JIU noaasieHue sKkcrpeccun ACTN4
K m3MeHeHM1o aKkcripeccun NF-kB-3aBrucUMEBIX TeHOB
B KJeTouHoi JuHuu H1299. Jlnst aToro mMul BeIOpaiu
reabl ICAM1 (Aoudjit et al., 1997), CCL2 (MCPI)
(Stylianou et al., 1999) u /IKBA (Haskill et al., 1991),
OTHOCSIIIMECS K Pa3HbIM (DYHKIMOHAIBHBIM IpyIamM
U coaepxaiiue QyHKIMOHalIbHble KB-caiiTbl B mpo-
MOTOpAX.

DKCIpecCcuo TeHOB aHAIU3UPOBAIU C TOMOIIBIO
konmmuectBeHHo TP B kimetkax H1299 (ACTN4WT)
u B 1ByX JuHusix ACTN4KO c¢ mosHbIM HOKayTOM
ACTN4 (ACTN4KO cll u ACTN4KO cl2). Mn
YCTaHOBWJIM, 4TO TogaBieHue skcrpeccun ACTN4
MIPUBOIUT K 3HAYUTETLHOMY, B HECKOJIBKO pa3, CHH-
KeHuio skcnpeccun reHoB ICAMI1 n CCL2 (MCPI),
HO He BiMseT Ha aKcrpeccuio reHa IKBA (puc. 1).
Takum obpazom, Mbl noaTeepauiu, yto ACTN4 Bo-
BJICUEH B CEJICKTUBHYIO PEryJsILIMIO TEeHOB MMUIlIEHEH
NF-kB B Hamieil MoneJlbHON CuUCTEME.

Hanee MBI TIPOBEPWIH, BIHSIET JIU YPOBEHb 3KC-
npeccun ACTN4 Ha axTUBaLMIO DKCIPECCUU Te-
HOB, YYacTBYIOIIMX B peryisuuu pernapauuu JHK
U arnorro3a. Mbl OLIeHWIN 3Kcrpeccuto reHoB BBC3
(PUMA) (Wang et al., 2009), BCL2 (Catz, Johnson,
2001), CDKN1A (P21) (Hinata et al., 2003) u BRCA2
(Wu et al., 2000) B xjeTKaX KOHTPOJIbHOM JMHUU
H1299 ACTN4WT u nByx nunusix ACTN4KO mo u
rmocjie o0pabOTKM ATOMO3MAOM B TeyeHue 1 4.
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Puc. 1. CpaBHeHue ypoBHeii akcripeccun NF-kB-3aBucumbix reHoB B KOHTposibHOM JInHuU H1299 (ACTN4WT) u B nByx
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Puc. 2. YpoBHUM 3KCIpecCMM TeHOB OTBETa Ha IOBpe-
xnenus JJHK. TILP B peaarbHOM BpeMeHU: a — CpaB-
HEHUE YPOBHEH OSKCIPECCUU TEHOB B KOHTPOJBHBIX
kinerkax H1299 (ACTN4WT) u B kjeTrkax JIUHUI
H1299, nokaytHbix 1o reny ACTN4 (ACTN4KO_cll
n ACTN4KO_cl2) no (KOHTpoJIb) M TIOC]Ie 00pabOTKK
aTono3unoM (D10); 6 — cpaBHEHHUE YPOBHEM 3KCIIpec-
CHUU TeHOB B KOHTpoJsibHOU uHuu H1299 (ACTN4WT)
u muann H1299, runepakcnpeccupytomeii reH ACTN4
(ACTN4OE). * — paznuuust noctoBepHbl ipu p < 0.05
(U-kputepuit MaHHa—YUTHN).

Mbl OOHapyXWJIM, 4YTO YPOBEHb BKCIPECCUU
ACTN4 xoppelupyeT ¢ akKTUBHOCTbIO reHoB BBC3
(PUMA) n BRCA2 B HeoOpabOTaHHBIX KJeTKaXx.
OpHako Tmocje OecTBUS ATOMNo3uAa W aKTUBALUU
oboux reHoB, Koppemsiuusi y BBC3 (PUMA) Gonee
He mpociexuBaiachb, a y BRCA2 meHsiach Ha Tpo-
TuBONoNoXHYO (puc. 2). I'enbst CDKNIA (P21) u
BCL2 nokazaiayd HEKOTOPYIO OOpaTHYIO KOppEJsLuio
¢ ACTN4 mocne TeHOTOKCHMYECKOTO CTpecca, XOTs
aktuBauusi BCL2 Oblla He CIAUIIKOM 3HAUYMTEIbHOM
(menee 50%).

TakuMm o0Opa3oM, IMOJIYyYEHHBIE pPE3YJILTATHI HeE
IIaloT ocHOBaHMI mpexarojaratb, yto ACTN4 Bnuser
Ha YCTOMUMBOCTH KJIETOK K 3TOMO3UIY Yepe3 MPSIMYIO
PETYJISILIMIO SKCIPEeCCUU KIIIOUEeBbIX TEHOB perapaluu
u aronTo3a, B ToM umciae NF-kB-3aBucuMbIx. DKc-
npeccusi TeHoB BCL2 u BRCA2 MOXeT peryJimpoBaTh-
ca NF-kB (Wu et al, 2000; Catz, Johnson, 2001),
HO Mbl HEe OOHApPYXWIM CHWXXEHMSI UX DKCIIPEeCcCUuu
B kieTtkax kiioHoB ACTN4KO. HamnporuB, BRCA2
aktuBupyetcs B kiioHax ACTN4KO cunbHee u 6oiee
yeM B JIBa pasza.

Bnusinue nokayra ACTN4 na reust BBC3 (PUMA)
u CDKNIA (P2]) Obl1o pa3HOHAIIPaBICHHBIM, XOTS
oba reHa MoAaBJSIOT Tpojudepalunio, WHAYLUPYS
anonTto3 uepe3 BBC3 (PUMA) (Yu, Zhang, 2008)
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Puc. 3. OtHocuTenbHasT ycToumBoCTh Kietok jmHU H1299 (xpuBas 1) u H1299 RelAOE (xpuBast 2) K neiicTBUIO
nokcopyouinHa (a), storno3uaa (6) u uucriaatuHa (6). Llutotokcnunoctb (MTT-TecT) olieHMBaIu 1mocie oO0pabOTKKU
KJIETOK B TeyeHue 72 4. [y Kax[Ioro BElIeCTBA CTPOWJIM KPUBYIO 3aBUCUMOCTH 103a—3(hdeKT mpyu MOMOIIM MOIETN

JIOTUCTAYECKOW perpeccun. BepTI/IKaIILHI)Ie OTPE3KU — OLIMOKU Cp€AHEIro 3HAYCHMA.

u 670K kjetoyHoro uukiaa dyepes3 CDKNIA (P21)
(Vermeulen et al., 2003). I1py HOpMaJIbHBIX YCJIOBUSIX
nonasieHue akcrpeccun ACTN4 npuBonuiao K CHU-
KeHuto aKcnpeccuu reHa BBC3 (PUMA) v, HaripoTuB,
K yBequueHuwo skcrpeccuu reHa CDKNIA (P21) B
000MX KJIOHAX T10 CPABHEHUIO C KOHTPOJIbHOM JTMHU-
eii. [Tpu stom runepakcrnpeccuss ACTN4 oxa3sbiBajia
oOpatHbIit apdexT (cM. puc. 2).

OOpaboTka STOIMO3UAOM MHAYLMPOBaja 3HAYM-
TENBHYIO aKTUBAIIMIO OOOMX TEHOB, UTO COOTBETCTBYET
JAHHBIM U3 JuTepaTypbl. MHTEepecHO, 4TOo 0bOa reHa
B OOJILIIMHCTBE KJIETOK aKTUBUPYIOTCS TPaHCKPHUII-
LIMOHHBIM (haKTOPOM P53, KOTOPBI CTAOMIM3UPYETCS
MpU TEHOTOKCHYEeCKOM cTpecce. OmHAKO B KJIETKax
H1299 ero ren TP53 orcyrctByeT. BeposiTHO, 3TO
CAYXXUT TIPUIMHON HE CIUIIKOM CHMJIBHOW aKTWBa-
uuu BBC3 (PUMA). Tem He MeHee 3KCIIpeccUs reHa
CDKNIA (P21) yBennuuBaeTcsl B HECKOJIBKO pa3 He-
cMOTps Ha oTcyrcTBHe 1TP53 (cMm. puc. 2).

Takum oO6pa3oM, aHaIM3 PKCOPECCUN BBIOpAHHBIX
reHoB orBeta Ha moBpexaeHus JITHK, B Tom uucie
NF-kB-3aBucumbIX, He MO3BOJW BbISIBUTH TPUUUHY
pe3ucteHTHOCTU KJIeToK ACTN4KO Kk mHrnomropam
TOPOII. Onnako aktuBauus NF-kB o6bryHO acco-
IUUPOBaHA C TYMOPOTEHE30M WM PE3UCTEHTHOCTBIO
K npotuBoomnyxoyieBoii Tepanuu (Mayo, Baldwin,
2000). Bosmoxno, BnussHue ACTN4 na NF-kB-3a-
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BUCUMYIO PE3UCTEHTHOCTD OIpeesIIeTCsl OYeHb Orpa-
HUYEHHBIM KOJMUYEeCTBOM TeHOB. Kpome Toro, Mbl
paHee IIPOAEMOHCTPUPOBAJIM, UYTO akTuBalus RelA-
cyobenuHuubl NF-kB mpuBoauT K 3HaUUMTEIbHOMY
3aMeUICHUIO TIpoiudepauun KiaeTok auHuu H1299
(Lomert et al., 2018).

BosmoxxHo, HokayT ACTN4 u nionaBjieHUe HEKOTO-
pbix NF-kB-3aBUCHMBIX T€HOB IIPUBOJIST K OOpaTHOMY
adhdexry. Mcxonss m3 3TOro, Mbl MPOBEPUIIN, BIUSI-
eT mu aktuBHOCTh NF-kB Ha BBEDKMBaeMOCTh KJIETOK
H1299 u addekTuBHOCTh penapauuu paspbiBoB JJHK
MocJjie BO3ICHCTBUSI TeHOTOKCUUYECKUX MPErnaparos.

s aHain3a MCMOJIb30BaIu TOJYYeHHYI0 HaMU
panee nuHU0 H1299 ¢ mocTosTHHOI rUIepaKCIpeccu-
eii reHa RELA (nunust RelAOE) (Lomert et al., 2018).
IIpu momomm metoma MTT MbI oLleHWIM BBEIKMBae-
MocTb kJ1eToK RelAOE mocie Bo3neicTBus 3TONo3uaa
(0.8—50 MmxM), nokcopyouumxa (0.08—0.5 MmxM) win
mucriatuHa (8—32 MkM). DT mpemapaThl IIHPO-
Ko ucnouabdyotcss B Tepanuu HMKPJI u o6nagaror
pa3HbBIMU MEXaHU3MaMM JIEeCTBUSI. AHAIM3 TOKa3all,
4yTo TIoBBIIeHUE 3Kcrpeccun NF-kB He mpuBommio
K U3BMEHEHUIO BKMBAEMOCTH TPU BO3AEICTBUU BCEX
Tpex mpemnapatoB (puc. 3).

MpbI TIpUMEHSIIA IBa MOIXoIa K olieHKe 3¢ deK-
TUBHOCTU penapauuu paspbiBoB JHK. Chavana
npoaHaau3upoBain ¢GoKychl (GochopuanpoBaHOTO
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Puc. 4. Ouenka 3(pdekTUBHOCTU pernapauuu pas3pbl-
BoB JIHK B xiterkax qunumit H1299 u H1299 RelAOE:
a — cpeaHee 4yucao (M ero ommoka) (poKycoB I'MCTO-
Ha YH2AX B snpe. Kiietku oOGpabarbiBaiu 3TOMO3M-
noM (D1o) wm pokcopyouunHoMm ([lokco) B TeueHUe
40 MuUH, mocje 4Yero IpenapaTr yAalsiid U KyJbTUBU-
poBanu eme 4 4; 6 — pesynbrarhl Tecta JIHK-komer
B IIEJIOYHBIX yCIoBUsX. OOpabOTKYy KJIETOK 3TOIO3MU-
JIOM IIPOBOIMJIM, KaK OIKMCAHO paHee, ¢ MOCAeIYIOIIUM
KYJIbTUBMPOBaHUEM B OTCYTCTBME Iperapara B TeUeHre
8 4. KOHTpOJIb — MHTAKTHBIE KJIETKU.

rucrona H2AX (ramma-H2AX). @ochopuirpoBaHue
rucroHa H2AX B mecte paspbeiBa JIHK sBnsercs on-
HUM 13 paHHUX COOBITUI pemapalvy MOBPEXKICHMS
(Muslimovi¢, 2012). Kietku oGpabaThiBajiu 3TOIO-
3ugoM (50 MkM) wiu pokcopyoutrmHoM (1.5 MxM)
B TeyeHue 40 MMH, Mocjie Yero mpemnapar youpaiu u
KyJIbTUBUPOBATIN KIJIETKM B TeueHHe elne 4 4, maBas
UM BpeMs s peniapauuu pa3pbioB JIHK. Mb1 o6Ha-
PYXWIH, YTO cpeaHee yuciao (okycoB ramma-H2AX
HE OTJIMYAJIOCh B KJIETKaX ¢ HOPMAJIbHBIM U C aKTH-
BupoBaHHbIM NF-kB (puc. 4a).

J71s1 TOATBEPXKIEHUSI TOJYYEHHBIX PE3YyJIbTaTOB
MbI onieHUIu 3pdexkTuBHOCTh penapauuu JHK mpu
nomonin Merona JIHK-koMeT B 11eJJOYHBIX YCJIOBU-
ax. Knetkn ob6padaThiBaiy Tak ke, KaK Mpu aHaIn3e
(¢okycoB ramma-H2AX, HO pemapainuio OLIEHUBAIU
yepe3 8 4 Tocje yaajaeHus Tpenapara.

Knetkun nunuum H1299 RelAOE He otnuuanuch
no 3¢dextuBHOCTH penapanuu pa3peiBoB JHK ot

KOHTpPOJIbHOU uHuUM (cM. puc. 40). Takum obGpazom,
KoHcTuTyTMBHas1 aktuBauusi NF-kB He mpuBoaut
K YBEJIMYEHUIO PE3UCTEHTHOCTH KileTok H1299 x neii-
crBuo JIHK-noBpexnamommux BeIIeCTB U HE OKa3bl-
BaeT BIMSIHUS Ha TpoxoxaeHue pernapanuu JTHK.

ApyruM BO3MOXKHBIM MEXaHU3MOM BOBJICUCHUS
ACTN4 B perynsauuto perapaunu JHK moxeT ObITh
HernocpeacTBeHHoe B3auMojeiictBue ACTN4 ¢ dak-
Topamu pernapauuu. st IpoBepKy 3TOro MPEeArnoso-
KeHUs Mbl IpoaHanu3upoBaiu npucyrctsue ACTN4
B XpomaTuHe Kjetok H1299.

Mpbl NIpUMEHSIIA METOH CYOKJIeTOYHOro (pakxiiu-
OHUPOBAHUS C MOCJEIYIOLIEH OUYMCTKOM slep 4yepes

M, kJla Lwur

E AN

i

I5F

104 xla ACTN4

Iucton H1

36 k/la

Puc. 5. Pacnpenenenne ACTN4 B knerkax H1299:
a — anektpodope3 B SDS-rene 0eJKOB, MOTYyYEeHHBIX
METOIOM CYOKJIETOUHOTO (PpaKLIMOHUPOBAHMS, U3 KJIe-
ToK JuHun H1299. Jletekuusi O0eJIKOB MO OKpacke I10
Kymaccu; 6 — BectepH-0y0T ¢ anTuTesaMu K ACTN4.
l'ucron H1 ucnonb3oBaH s KOHTPOJIS HArpy3ku Oe-
ka. M — GenkoBblii Mapkep; Llut — nurorasma; Hy-
KJI-Ma — HyKJeoria3ma; XpoM — XpOMaTUH.
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0.5 M caxaposy c LieJbl0 yoaJeHUs OCTaTKOB ILIMTO-
CKEJIETHBIX CTPYKTYp, KOTOPbIE MOTYT OCTaBaThCs CBSI-
3aHHBIMM C SIApaMu mociie Ju3uca Kietok. [Tockonb-
Ky konndectBo ACTN4 B nuTomiazmMe 3HAUMTEIbHO
MPEeBBILIAET €ro CoAepKaHue B sIApe, STOT 3Tan KpU-
THYEH Ui KOppeKTHoro aHaiau3a simepHoro ACTN4.

IMocne moayyeHUsT U OYUCTKU SAEP MBI MCCIIENO-
Basin nipucytctBue ACTN4 B pacTBOopuMOil (hpakiiuu
(HykJIeoryiaamMe) U B XpomatuHe. J1s1 pacuienieHus
renomHoii JIHK u skcTpakium 0enkoB XpomaTHHa
sg7pa JIOTOJHUTENbHO oOpabarbiBain OeH30HA30M
(Moreno et al., 1991). Ha puc. 5a, gopoxka 3 Bul-
HO, YTO B pacTBOpUMON (pakiluu SAEPHbIX OETKOB
ropasfo ciabee NETEKTUPYIOTCS (hpakuusi TMCTOHOB
(15 xJla). UmMmyHorudpuamnsaius moxkasaja, 4To Ko-
JmyectBo Oenka ACTN4 B xpoMaTUHOBOH (ppaKiuu
3HAYUTEJIBHO OOJIBIIIE, YeM B pacTBOpUMOIL (puc. 50).

[TonyyeHHbIe HAMU TAHHBIE COTIACYIOTCS C OMYOIM-
KOBaHHBIMU cooOmmeHnsIMUA 0 ToM, uTo ACTN4 o6Ha-
pyXuBaeTcsl B KOMILIEKCAX PeMOIEIMPOBAHUSI XpoMa-
ThHa, Takux Kak INOSO (Kumeta et al., 2010). INOS80
coctout u3 15 GenkoB (Shen et al., 2000), KoTopnie
YUYaCTBYIOT B PETYJISILIMU TPAHCKPUIILIUU, PEIIMKALUN
u pernapauuun Monekyiabsl JHK (Poli et al., 2017).

Takum o06pa3zoM, Mbl OOHAPYXUJIM, YTO B JTUHUSIX
H1299 ¢ nomnnbiM Hokaytom reHa ACTN4 mnpowuc-
XOAUT TMOJABJIEHUE DKCIPECCUM HEKOTOPbIX, HO He
Bcex, NF-kB-3aBucumeix reHoB. TemM He MeHee HaM
He YIaJIOCh BBISIBUTb 3aBUCHMOCTU MEXIY BIWUSIHUEM
ACTN4 Ha 3KCHIpeccuio reHOB U MOBBILIEHHONW pe3n-
CTEHTHOCTbhIO HOKayTHBIX KjeTok K JJHK-moBpexna-
oMM TipenapataMm. bosiee TOro, Mbl He BbISIBUIU
Kakoro-im6o BimssHus aktuBHoct NF-kB Ha ycroii-
yuBocTh KJIeTOK H1299 K reHOTOKCHUYECKOMY CTpeccy.
O6HapyxeHHoe Hamu npucytctBue ACTN4 B xpo-
MaTUHOBOH (bpakUUM MO3BOJISIET MPEATIOIOXKUTh €ro
HETIOCPEACTBEHHOE BIMSHUE Ha COOPKY KOMIUIEKCOB
0esnKoB, yuactBylomux B perapainuu JJTHK.

BJIATOJAPHOCTHU

B pabore ucnonb3zoBaHo obopymoBaHue lLleHTpa
KJIETOYHBIX TexHojaoruii Muctutyra uutonorun PAH;
aBTOpbI OJjlarofgapHbl 3a MpeAoCTaBIEHUE OOCTyIa K
ero KoHgoxkanpHol Iuiatpopme CQI.
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PAH (nipoekt “Yuyactue anbpa-akruanHa 4 (ACTN4)
B penapaluy AByXleloyeyHbiX pa3pbiBoB JTHK™).
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ACTN4-DEPENDENT REGULATION OF DOUBLE-STRAND DNA BREAK
REPAIR IS INDEPENDENT OF NF-KB ACTIVITY

D. V. Kriger®*, G. V. Vasilevaa, E. V. Lomerta, D. G.Tentlera

4 Institute of Cytology, Russian Academy of Sciences, St-Petersburg, 194064, Russia
* E-mail: daryamalikova @gmail.com

a-Actinin-4 is an actin-binding protein that is involved in a wide range of cellular processes. Along with actin
and other proteins of the actin cytoskeleton, a-actinin-4 was found not only in the cytoplasm, but also in
the nucleus of various cells. As a nuclear protein, it is involved in regulation of certain transcription factors.
In particular, it can regulate transcriptional activity of NF-kB, which largely determines the resistance of
cancer cells to apoptosis and anticancer therapy. During our previous studies, it was found that a-actinin-4
can influence resistance of cancer cells to topoisomerase Il inhibitors and determine the efficiency of DNA
double-strand break repair. We have demonstrated that a-actinin-4 interferes with the assembly of complexes
involved in DNA repair via NHEJ and HRR, which in turn leads to an imbalance between these pathways.
In this study, we were answering to the question of how a-actinin-4 is involved in the regulation of the DNA
double-strand breaks repair following genotoxic stress. Our results indicate that the effect of a-actinin-4 on
repair progression in H1299 non-small cell lung cancer cells does not depend on the transcription factor
NF-kB activity. We found that in the nucleus of H1299 cells, a-actinin-4 is localized not only in the
nucleoplasm, but also reveals close association with chromatin.

Keywords: ACTN4, NF-kB, DNA repair, Non-small cell lung cancer (NSCLC)
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