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BeepeHue. ccnegosaHue BauaHus obnydeHus unm niobix apyrux JHK-nospexpaiowmux areHTos Ha YyBCTBUTENbHOCTb
onyxoneil K KOHCepBaTUBHOM Tepanuu, NEKAPCTBEHHON UM TOPMOHANbHOM, OTHOCUTCA K YnCTy Hanbonee akTyanbHbIX
3ajiay, BO MHOrOM onpejensiolux LenecoobpasHocTb KOMOMHUPOBAHHOMN Tepanuu OHKONOTNYECKNX BONbHBIX.

Llenb uccnepoBanmna — n3yyeHne BAUAHUSA 00N1yYEHUS HA aKTUBHOCTb K/IOYEBbIX CUTHANbHbLIX 6€NKOB 1 YPOBEHL FOPMO-
HaNbHOM 3aBUCMMOCTY KNETOK paKka MONOYHOW XKenesbl.

Matepunanbl U MeToAbl. IKCNepUMEHTb NPOBOAMANCH HA KYNbTUBUPYEMbIX 1N Vitro KNneTKax 3CTPOreH3aBMCMMOro paka
MonoyHoii xenesbl MCF-7. B kauecTBe aKCnepyMeHTaNnbHON MOLENU ANA U3yYeHUS peaKLuu ONyxoNeBbIX KNeToK Ha no-
BpexpeHus IHK ncnonb3zosanock ynetpaduonetosoe (YO) obnayyeHue B AuanasoHe 254 HM C MHTEHCUBHOCTbIO 25—50
Ix/m?. CkopocTb pocTa KNneTok onpeaensinu ¢ nomolbto MTT-TecTa; BbIXKMBAEMOCTb KIETOK Noc/ie 06yyeHUs aHanmsu-
poBanu c UCnonb3oBaHWeM KonoHueobpasytlero Tecta. OnpeaeneHne TpaHCKPUNLMOHHOW aKTUBHOCTU pelienTopa
3CTPOreHOB NPOBOAWAN METOLOM PENOPTEPHOTO aHaNN3a, IKCNPECCUU KNETOYHbIX OENKOB — METOLOM UMMYHOBNOTTHHTA.
Pesynbrarbl. OpHokpaTHoe Y®-o6nyyeHue knetok MCF-7 npuBOAMT K pe3KOMY MOBLIWEHWIO YPOBHA anonToOTUYECKUX
mapkepos: p53, cPARP, nopasnenuio 3kcnpeccuu 6enkos poctosoro curHanuura: CDK4/6 v peuentopa actporeros a (ERa).
Ha atom coHe Habniopaetcs ycunenne hocopunupoBaHus NpoTemHKMHa3bl Akt 1 BbipaXeHHOe NoBbILIEHWE IKCIPeCcUu
Snaill — ofHOro U3 KNlo4YeBbIX BEKOB INUTENNANBLHO-ME3EHXMMANBHOTO Nepexofa. B kneTkax Y®-pesncteHTHOI cy6nnHuu
MCF-7/UVR, nony4YeHHoi B YCNOBUAX NOBTOPSIOWNXCA LIMKNOB 061yYeHNsA, ypoBEHb OENKOB anONTOTUYECKOMO U POCTOBOTO
curHanuHros (p53, cPARP, CDK4/6) Bo3BpallaeTcs K KOHTPONbHOMY 3HAYEHUIO, 3@ UCKYeHWeM tochopuaMpoBaHHo
topmbl Akt 1 Snaill, conepxaHue KoTopbix 0cTaeTcs BbICOKUM. TpaHcdekuus B kneTku MCF-7 nnasmugpl, 3kcnpeccupyoLeit
Snaill, conpoBOXAaeTcs aKTUBaLME anONTOTUYECKOTO CUrHANIMHIA, CHUKEHMEM aKTMBHOCTU ERa v passBuTueM yacTuyHoii
rOPMOHaNbHOW PE3UCTEHTHOCTH; NPU 3TOM YYBCTBUTENBLHOCTb KIETOK K 00/1y4eHUI0 NPAaKTUYECKN He MeHsieTcA. TpaHcdeKuus
MuKpoPHK-181a-2 — oaHoit n3 mukpoPHK, accounnpoBaHHoii C pe3uCTEHTHOCTbIO KNETOK, — 04HOBPEMEHHO akTuBupyet Akt
1 Snaill u npuBOAMT K Pa3BUTUIO NEPEKPECTHO PE3UCTEHTHOCTYU KNETOK K 06/y4EHNI0 U TOPMOHANbHBIM NpenapaTtam.
3aknioueHue. MonyyeHHble AaHHbIE NO3BONAIOT paCCMaTpUBaThL akTUBaLMIO Snaill nog feiicTBUeM 061yYeHNUA B KayecTBe
OAHOrO0 M3 (haKTOPOB, y4aCTBYIOWMX B AeperynaLumn 3CTpOreHoBOro CUrHanuHra u GOpMUpoBaHUM YCTONYMBOCTU KNETOK
K TOPMOHaJIbHbIM Npenaparam, B TO BpeMs Kak 04HOBpeMeHHas aktusauus Akt u Snaill conpoBoxpfaeTcs pasButuem ne-
PEKPEeCTHON Pe3UCTEHTHOCTU K 06/ly4EHUIO U TOPMOHANBHBIM COEAUHEHUAM.

KnioueBble cnoBa: pak MONOYHON Kenesbl, FOPMOHANbHASA PE3UCTEHTHOCTb, 06NYYEHME, peLenTop 3CTporeHos, Snaill,
npoTenHkuHasa Akt
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Introduction. The study of the effect of irradiation or any other DNA-damaging agents on the sensitivity of tumors
to conservative therapy, drug or hormonal, is among the most imporant tasks that determine the efficiency of combined
therapy of cancer patients.

Aim. To investigate the effect of irradiation on the activity of key signaling proteins and the level of hormone depen-
dence of breast cancer cells.

Materials and methods. The experiments were performed on in vitro cultured estrogen-dependent MCF-7 breast cancer
cells. Ultraviolet (UV) irradiation in the range of 254 nm with the intensity of 25-50 J/m? was used as an experimental
model to study the response of tumor cells to DNA damage. Cell growth rate was determined using the MTT test, cell
survival after irradiation was analyzed using the colony-forming test. Estrogen receptor transcriptional activity was
determined by reporter assay; cellular protein expression was determined by immunoblotting.

Results. Single UV irradiation of MCF-7 cells leads to a marked increase in the level of apoptotic markers: p53, cPARP,
suppression of expression of growth signaling proteins: CDK4/6 and estrogen receptor a (ERa). The above changes are
accompanied with an increase in phosphorylation of Akt protein kinase and a marked increase in the expression of Snail1,
one of the key proteins of epithelial-mesenchymal transition. In UV-resistant MCF-7/UVR cell subline obtained under
repeated irradiation cycles, the levels of apoptotic and growth signaling proteins (p53, cPARP, CDK4/6) return to control
levels, except for the phosphorylated form of Akt and Snaill, whose content remains high. Transfection of Snaill-ex-
pressing plasmid into MCF-7 cells is accompanied by activation of apoptotic signaling, suppression of ERa activity, and
development of partial hormone resistance; however, the sensitivity of cells to irradiation is practically unchanged.
Transfection of microRNA-181a-2, one of the microRNAs associated with cell resistance, simultaneously activates Akt
and Snaill and leads to the development of cross-resistance of cells to irradiation and hormonal drugs.

Conclusion. The obtained data allow us to consider irradiation-induced Snaill activation as one of the factors involved
in deregulation of estrogen signaling and formation of cell resistance to hormonal drugs, while simultaneous activation
of Akt and Snaill is accompanied by the development of cross-resistance to irradiation and hormonal drugs.

Keywords: breast cancer, hormonal resistance, irradiation, estrogen receptor, Snaill, protein kinase Akt
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BBEOEHME

OCHOBHBIM ITOIXOIOM B JICUCHNH pakKa MOJIOYHOI Ke-
ne3sl (PMK) siBisteTcs coueTaHne XUPyprudecKoro BMe-
111aTEJIbCTBA — ONEPATUBHOIO YIAJIEHMS OMYXOJIU — C KOH-
CEepBAaTMBHOUN aabIOBAHTHON MM HEOAIbIOBAHTHOM
Tepanueii: o0JydeHreM, JIeKapcTBEHHOM U TOpMOHAIBLHOMI
tepanueit. Kak uzpectHo, 70—80 % ormyxosieit MOJIOYHOM
XKeJe3bl SBJISIIOTCS SCTPOre€H3aBUCUMbBIMU, U B 3TUX CJIy-
yasix FOpMOHaJIbHasl TEpanus OKa3bIBAETCSI OMHUM U3 HAU-
6onee 3pPHEKTUBHBIX CITOCOOOB KOHCEPBATUBHOTO JieUe-
Hus. Bonpoc o pe3ysibTaTUBHOCTY COYETAHUS PA3IMYHBIX
BUI0B KOHCEPBAaTMBHOM TEpaIuu, B IEPBYIO OUEPENb FOP-
MOHJIBHOM Tepanuu 1 00JIy4EHMSI, U3y4aICs U ITPOI0JIKA-
€T aHAJIM3UPOBAThCSI BO MHOTMX pab0Tax, OAHAKO MOJIyYeH-
Hbl€ JAHHBIE 3a4aCTYI0 OKa3bIBAIOTCSI TPOTUBOPEYMBBIMM.
OcHoBHBIE Borpochl — «Kak BIusieT 001y4eHre OITyXoJie-
BBIX KJIETOK HA MX YPOBEHb TOPMOHATBHOM 3aBUCUMOCTH?»,
«KakoB MexaH13M BO3MOXXHBIX U3BMEHEHU I TOPMOHAIBLHOM
3aBUCUMOCTH OITyXOJIEH MOJIOYHOM XXeJIe3bl ITOA ACHCTBUEM
obmyueHus?», «HackosbKo 10aroBpeMeHHBIMM OKa3hbIBa-
I0TCSI TaKM€ U3MEHEHUSI ?» — IIPAKTUIECKH HE MCCIIeI0Ba-
HbI Ha 3KCNEpUMEHTAIbHOM YPOBHE. BoJIbIIMHCTBO paboT
B 9TOM HaIlpaBJE€HUM OCHOBaHbI HAa aHAIM3€ KIMHUYECKUX
JMAHHBIX 3¢ (PEKTUBHOCTH KOMOMHAIINY OOJIyJYEHUS 1 TOP-
MOHAJILHOM Tepanuu B pa3JUYHbIX IpynIax 00JbHbIX
U, KaK y>K€ OTMEYAJIOCh, HOCSIT BO MHOTOM IMPOTUBOPEYM -
BbIi xapakTtep [1—5]. MI3BeCTHBI IUlllb eAMHUYHBIE DKC-
MEpUMEHTAIbHbIE pabOThl, CBUAETEIbCTBYIOIIUE O BO3-

MOXHOCTH M3MEHEHUI TOPMOHAJIbHOTO CUTHAJIWHTIA
B 00JIy4eHHBIX KJIeTKax [6, 7].

B 1iesioM Ha cerogHsIIHUIA 1€Hb HY B KIMHUYECKUX,
HU B 9KCIIEPUMEHTAIbHbBIX HAOJIIONEHUSIX HE TIpEACTaBIe-
HBI T0Ka3aTeIbCTBA BIUSHUS 00 IyIeHUS (MJIM OTCYTCTBUS
TaKOBOT'O BIIMSTHYSI) HA YPOBEHb TOPMOHAJIBHOI YYBCTBH -
TeJIbHOCTHU 3JI0KAaYeCTBEHHBIX OmyXxoJieii. B kakoii mepe
TaKue HOBOOOPA30BaHUS COXPAHSIOT TOPMOHAIBHYIO 3a-
BUCUMOCTb U, COOTBETCTBEHHO, YyBCTBUTEJIBHOCTb K TOp-
MOHaJIbHOW Tepanuu, 1, €CJIU MPOUCXOIAT HApYILIEHUS
(YHKIIMOHMPOBAaHUS TOPMOHAJIBHOTO ariiapara, To Ha Ka-
KOM YpOBH€, KaKOBbI IPUYMUHBI PA3BUTUSI MHAYLIUPOBAH -
HOI 00JIydeHEM FOPMOHAILHOM Pe3UCTEHTHOCTH?

Panee, ¢ ucnosb30BaHUEM KYJIbTUBUPYEMBIX in Vitro
KJIETOK MEJIAHOMbI B KaU€CTBE 9KCIIEPUMEHTAJIbHOM MO-
JIeJI, MBI TIOKAa3aIu, 9To yasrpaduoietoBoe (YD) oby-
YEeHUE MPUBOJUT K PA3BUTHIO YACTUYHOU YCTOMYMBOCTHU
MeE€JIaHOMBI, aCCOLIMMPOBAHHON C aKTMBALIUEH OJHOTO
13 6€JIKOB 3NUTENNATbHO-ME3€HXUMAJIbHOTIO Mepexona —
Snaill, x TapreTHeIM npemnapaTtaM [8]. B HacToseit pa-
00Te uccaenoBaaoCh BAUSIHAE 00JIy4eHMsI HA aKTUBHOCTb
KJTIOYEBBIX CUTHAIbHBIX O€JIKOB M YPOBEHb TOPMOHAJIbHOM
3aBUCUMOCTHU KJIETOK 3cTporeHzaBucumoro PM2K. Mu1
MoKa3anu, 4To xpoHndyeckoe YD-o0iyuyeHre KIETOK
PM2K MCF-7 npuBogut K ¢popMUpOBaHUIO Iyja YD-
PE3UCTEHTHBIX KJIETOK, OTIIMYAIOIIMXCS HU3KOM aKTUBHO-
cThio pereriropa 3ctporeHoB o (ERa) u wacTuuHolt rop-
MOHAJIbHOU PE3UCTEHTHOCThIO, COIIPOBOXIAIOIIECIHACS
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BBIpaxkeHHOM akTmBauueir Snail. [IpomeMoHCTpupOBaHO
HeTrocpencTBeHHoe yyacTue Snaill B popmupoBaHuy rop-
MOHAJIBHOU Pe3MCTEHTHOCTU OOJIYIeHHBIX KJIETOK U M0~
Ka3aHo y4yacTUe OAHOM U3 3K30coMaibHbIX MUKpOPHK —
MmukpoPHK-181a-2 — B mogmep:xaHn BEICOKOTO YPOBHSI
Snaill u pa3BUTUN PE3UCTEHTHOTO (PEHOTUIIA KJIETOK.

MATEPUATIBI N METObI

DKCIIepUMEHTH TPOBOAMINCH HA KYJIBTUBUPYEMBIX
in vitro xnetkax scrporeHzasucumoro PM2K MCF-7.
B paboTe ucmnoib30BajuCh CIEAYIOLINE METOIBI.

KymsrusupoBanue Kierok. Kinetku MCF-7 kynsruBu-
poBau B ctangaptHoii cpeae DMEM (OO0 «ITanBko»,
Poccus), conepxasiieii 4,5 r/n raoko3bl, 10 % sm0puo-
HabHOM ceiBopoTKH TessIT (FBS HyClone, CIIIA) u reHTa-
muitvH (50 en. /M) (00O «ITandko», Pocenst), mpu 37 °C
u 35 % CO,. KynsruBupoBaHue KJIETOK BBITOJIHSIM B UH-
kyoatope NU-5840E (NuAire, CIIIA). [1pun aHanuze cko-
POCTH POCTa KOJMYECTBO KJICTOK OIPEACIISUIN C UCTIONb-
3oBaHueM MTT-Tecra.

Penoprepublii ananu3. 115t onpeneneHus: TpaHCKPUII-
LIMOHHOM akTMBHOCTY ER TIpoBommim TpaHcheKImio KieTok
IUTa3MUJION, ColepXKaBIIei TeH-pernopTep Jonudepassl
IIOJ; KOHTPOJIEM IIPOMOTOPA C ICTPOreH-PECIIOHCUBHBIM
3JIEMEHTOM, JII00e3HO npenocrasiaeHHoi George Reid [9].
Jnst KoHTposT 3a 3(PPEKTUBHOCTHIO M TTOTEHIIUATBHON
TOKCUYHOCTBIO IIPOLIEAYPHI TpaHCHEKINN MPUMEHSIACH
KoTpaHcheKINs KJIETOK IUIa3MUI0M, colepKaBIileil reH
B-ranakro3ugasbl. AKTUBHOCTh JTIOLMEpa3bl U3MEPSLIach
Mo ctaHgapTHoMYy IipoTokoiy (Promega, CIIIA) Ha mto-
muHoMeTpe Tecan Infinite M200 Pro (CILIA). Pacuer ak-
TUBHOCTH JIIOLIM(bepa3bl IPOBOIMIIN B YCIIOBHBIX CAMHUIIAX
(oTHOILIIEHKE O0IIIEl aKTUBHOCTH JIIoLMdepa3bl K aKTUBHO-
CTH TAJIAKTO3MIA3HI B UCCJICIOBAaHHBIX 00pa3Iiax).

Tpanchexmus. [Tnazmuna, akcnpeccupyromas Snaill,
J06e3Ho TipenoctabiieHa Antonio Garcia de Herreros [10].
Tpanchexumsa kirerok MCF-7 mpoBoamiack ¢ UCIIOIb30-
BaHueM peareHra Lipofectamine 2000 (Thermo Fisher
Scientific) mo MeTognKe IPOU3BOIUTEIS.

B pa6Gore ncnonb3oBanuch KOHCTpyKIUM MUKpoPHK -
scrambled- u MmukpoPHK-181-a2 («Cunron», Poccus).
PHK pactBopsiiu B 6ydepe (10 MM Tris-HCI, pH 7,5;
50 MM NaCl, 1 MM EDTA) B koHuenTpauuu 100 MkM
¥ TIPOBOIIJIM OTKUT II0 CTAHIAPTHOM MeToauKe. TpaHc-
¢exauo PHK B koHeuHoli KoHIIeHTpauuu 50 HM BbIO-
TUTHSUIM ¢ MCTIOb30BaHueM peareHTa Lipofectamine 2000
(Thermo Fisher Scientific, CIIIA).

HNmmyHoO0TTHHAT. 1151 TTOTYJIeHMSI TOTATHHOTO KJIETOY-
HOT'0 3KCTpaKTa K 00pa3liaM KJIeTOK 100aBisum 1o 130 MK
oydepa crnenyromiero coctana: 50 MM Tpuc-HCI pH 7,4;
1 % Igepal CA-630, 150 MM NaCl, 1 MM TteTpaaneTaTa
STWIeHINaMKuHa, | MM guTroTpeunTosa, 1 MKT/MJI alpo-
TUHWHA, JISUIeNTUHA 1 nercratuHa, 1 MM dTopuna Ha-
Tpus 1 oproBaHanmara HaTpus (Merck, CIILIA). O6pa3ibl
KJIETOYHBIX 3KCTPakKTOB IeHTpudyruposaiu (10000 g,
10 mwmH, 4 °C, uentpudyra Eppendorf 5417R) 1 npoBo-
IVUIM CTAaHZAPTHBIN 3J1eKTPodOope3 1 UMMYHOOIOTTHHT,

Kak onucaHo paHee [11]. B LUTO30bHBIX 3KCTpPaKTaX UC-
cliemoBanu comepxanue phospho-Akt, Akt, Snail, Slug,
phospho-p53, p53, p21, CDK4, CDK6, ERa u pac-
meruieHHOM opMbl PARP (Cell Signaling Technology,
CIIA). 1ia koHTpost 3(hheKTUBHOCTH UMMYHOOIOTTHH-
ra UCIIOJIb30BaJIk aHTUTeNa K a-TyoynuHy (Cell Signaling
Technology, CIIIA).

VabrpaduoaeroBoe 00;IydeHre H 0TOOP YCTOMIHBBIX
K HeMy KJIeTOK. OOJiydeHHEe MPOBOIWINA C ITOMOIIBIO
Y®-nammsl Vilber Lourmat (®panius) MOIIHOCTHIO 6 BT
monenu VL-6. LC (cer 254 um). Kinerku MCF-7 noasep-
ram Y®-o6mydeHuo (254 HM) HHTEHCUBHOCTBIO 25 Wn
50 Ix/m2. 1151 oT60opa YP-pe3rCTEHTHBIX KJIETOK KICTKU
MCEF-7 nogsepranu Bo3aeiictBuio Y@ 1 pa3 B Helemo
B TeueHue 12 Hel, Kak onucaHo paHee [12].

Kogaonneoopa3syrommii Tect. Kinetku MCF-7 paccen-
BaJIM Ha KyJIbTYpajibHbIe Yaliku araMmeTpoM 60 mm (Corn-
ing Incorporated, Corning, CIIIA) B craHmapTHOIf cpene
DMEM, conpepxasuieii 10 % FBS (dberanbHoii Oblybeit
CBHIBOPOTKHM). Ha cienytommit neHb KyJIBTYPaJIBHYIO CPEIy
yaaasin, KieTku ooaydann YOC (mmHa BOIHBL 254 HM)
Y paccerBaIy Ha 6-JIyHOUHbIM KYJIETYPaJbHbIA IJIAHILIET
(Corning, CIIIA) B cTraHmapTHON KYJIBTYPaJIbHOM cpene
¢ oopazoBanueM 50—2000 komoHmMit Ha nyHKY. KomoHun
(ukcupoBanu u okpaiubaiu 20 % meranonom u 0,2 %
KpUCTAJUIMYECKUM (DMOJIETOBBIM nocie 10-gHeBHOTO TIe-
puona unkydauuu B uukybatope ¢ 5 % CO,, 37 °C. Jho-
OYI0 KOJIOHHIO, COCTOSIIIYIO 13 bonee yeM 50 KJIeTok, ole-
HUBaJIX KaK BBDKUBIIHI KJIOH.

CratucTUuecKylo 00padoTKy MOTYyYeHHBIX JaHHBIX
npoBoauan B mporpamme Microsoft Excel. Bo Bcex ciy-
Yasx CTAaTUCTUYECKUE KPUTSPUH CUNTATIN JOCTOBEPHBIMU
mpu p <0,05.

PE3YJIbTATHI

DKCIEPUMEHTHI TIPOBOIMINCH Ha KYJIBTUBUPYEMBIX
in vitro KJieTkax actporensasucumoro PM2>XK MCF-7.
Kitetku o6ayyanu nmox aammoii 6W Vilber Lourmat (®pan-
uust) Mopeau VL-6. LC (unTteHCcUBHOCTD 25—50 [ /M?)
U depe3 24 4 mocse o0IyYeHus: aHaIM31UPpOBaIl YPOBEHD
OCHOBHBIX (AHTH )aITIONTOTUYECKUX OCITKOB METOIOM M-
MYHOOJIOTTUHTA. YIbTpauoIeTOBOe 00 IydyeHe IPUBEIO
K pe3KOMY ITOBHIIIICHHIO YPOBHS alIONTOTUYECKIX MapKe-
poB p53, cPARP u momaBneHmIo 3Kcipeccuu 0€JIKOB poc-
toBoro curdHaiuura (CDK4/6 u ERa). Ha atom done
Habmoganock ycuieHue hochoprmpoBaHusT ITIPOTEUHKI-
Ha3bel Akt W BBIpaxkeHHOE MOBBIIICHWE 3KCIPECCUU
Snaill — ogHOTO M3 KJIIOUEBBIX OCJIKOB AIUTEINATIbHO-
ME3eHXMMAJIbHOTO IIePeXo/ia, TP 3TOM IKCIIPECCHUsI APY-
T'OT0 aCCOIMMPOBAHHOTO C SMUTEIMAEHO-ME3eHXUMAIBHBIM
nepexonom Oenka — Slug — mpakTUYeCKU He MEHsIIach
(puc. 1, a).

Panee MbI mokasanu, 4to xpoHudeckoe Y®-o061yye-
nue kinetok MCF-7 npuBoaut k opMupoBaHuio myna
Y®-pe3nCcTeHTHBIX KJIETOK, OTIMYAIOIINXCS OTHOCUTEIb-
HOM YCTOMYMBOCTBIO K TOPMOHAJbHBIM Ipellaparam
1 KOHCTUTYTMBHO HM3KOW akKTUBHOCThIO ERa [12].
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codepycasuieli een-penopmep AUUGDEPaszsl NOO KOHMPONEM RPOMOMOPA C ICMPO2eH-PECHOHCUBHBIM IneMeHmoM (8). [Ipedcmasnersl cpednue 3naverus +

cmaﬂdapmﬂoe OMK/AOHeHUe mpex He3a6UCUMbIX SIKChepuUmMerHmoe

Fig. 1. Effect of ultraviolet (UV) irradiation on MCF-7 cells. Immunoblotting of MCF-7 cell samples 24 h after UV irradiation (a) and samples of UV-resistant
MCF-7/UVR subline (6) was performed. Results from one of three independent experiments are presented. Estrogen receptor o (ERa) transcriptional activity
was analyzed by reporter assay 24 h after cell transfection with a plasmid containing a luciferase reporter gene under the control of an estrogen-responsive ele-
ment (8). Mean values * standard deviation of three independent experiments are presented

[IpoBeneHHBIN B HACTOSIIIEM UCCICIOBAHMU aHAINU3 CO-
JepKaHMS OSIKOB (aHTH)aIIONTOTUIECKOTO M POCTOBOTO
curHanunra (p53, cPARP, CDK4/6, Akt, Snaill) mokasai,
YTO YPOBEHB OOJIBIIMHCTBA OSJIKOB B PE3UCTEHTHBIX KIICT-
Kax BO3BpaIaeTcs K ICXOMHOMY U ITPaKTUYECKU HE OTJIN-
4aeTcsl OT YPOBHSI KOHTPOJBHBIX KIETOK — 33 MCKITIOUE-
HueM dochopunupoBanHoit ¢popmel Akt m Snaill,
conepXXaHne KOTOPBIX OCTAeTCS BEICOKUM B PE3UCTEHTHBIX
KJIeTKax (puc. 1, 6). AHaIU3 TPaHCKPUITIIMOHHON aKTUB-
Hoctu ERo noarBepaun He3HAUMTEIbHOE CHUXKEHUE aK-
tuBHOCTH ER0 B pe3ncTeHTHBIX KileTKax (puc. 1, 6).

Ecnu aktuBanus PI3K/Akt-curnanmHra mpu 6oke
ERa 10BOJIbHO XOpOI1IO OMKCcaHa U HOCUT MPEeUMYILEeCT-
BEHHO KOMIIEHCATOpHBIN xapakTtep [13, 14], To Bompoc
00 yyactuu Snaill B mogaBieHUN 3CTPOreHOBOTO CUTHA-
JIVMHTA ¥ pa3BUTHN YP-pe3rCTEHTHOCTH OCTACTCSI OTKPBITHIM.
Il otBeta Ha Hero KieTku MCF-7 6buti TpaHcuLpo-
BaHBI TIa3MUI0M, Konupylomieit wSnaill, ¢ mocienyro-
LM aHAIM30M 3KCIIPECCUH OCHOBHBIX CUTHAJIbHBIX OEJIKOB
M aKTUBHOCTH 3CTPOTEHOBOTIO armapara. TpaHcheKus
wSnail mpuBoaMIIa K pa3BUTHIO YACTUYHON YCTOMYNBOCTH
KJIETOK K TaMOKCHGeHy (pHuc. 2, a), KOTopasi COIPOBOXIA-
JIach aKTUBALMEH alTONTOTUYECKOTO CUTHAJIMHTA (pHC. 2, 0)
u cHizkeHreM aktuBHOCTH ERa (puc. 2, 6). [IpumeuaTesn-
HO, 4TO TpaHcpeKunsa wSnaill mpakTHyecKu He CHUXKa-
J1a 9yBCTBUTENBHOCTH KieToK MCF-7 k Y®-061y4eHuio
(puc. 2, ¢), 4T0O, CKOpee Bcero, cBsA3aHO co Snaill-uH-
IYIAPOBAHHON CTUMYJISIIIMEH allONTOTUYECKOTO CUTHA-
JIMHTA U CBUIETENIBCTBYET 00 M30MPaTETbHOCTU IEHCTBHUS
Snaill Ha 5CTpOreHOBHIN anmapaT KJIEeTKH.

B mipoBeneHHBIX paHee MCCIeIOBAaHUSIX MBI IIPOJIC-
MOHCTPHUPOBAIN BO3MOXHOCTH MEXKJIETOYHOTO PacIpo-
CTpaHEHMSI TOPMOHAJIBHOM PE3MCTEHTHOCTH C y4aCTHEM

5K30COM U BBISIBUJIN KJTIOYEBBIC 5K30COMAaJIbHBIE MUKPO-
PHK, yyacTtBytoniue B GOpMUPOBAaHUM PE3UCTEHTHOTO
¢enoruna. B vactHoCTH, OBLIIO OOHAPYKEHO, YTO TPaHC-
dexusg mukpoPHK-181a-2 B kitetku MCF-7 nmpuBonut
K pa3BUTHIO U IOMICPKAHNIO YACTUIHOM TOPMOHATBHOM
PE3UCTEHTHOCTH KJieToK [15]. B Hacrosmieit paboTe mc-
clienoBaiach 3aBUCUMOCTDL Mexny Snaill u mukpoPHK-
181a-2, a TakxKe pOJIb TTOCAEAHEN B PETyIsIIIMUA OTBETa
KJIeToK Ha Y®-o6myyeHue. BblIo 0OHapyXeHO, 4TO
Tpancdexusg MukpoPHK-181a-2 conpoBoxnaercs cTu-
mynsumeit pochopunmpoBanusa Akt 1 HaKOIIEHUEM
Snaill (puc. 3, a) Ha DoHE TOBBIIIIEHUS YCTONINBOCTHA
KJ1eTOK K Y®-001ygeHuto (puc. 3, 6). CoOOCTBEHHO TpaHC-
dexnuusa Snaill He BIUSET Ha YYBCTBUTEIBHOCTh KJIETOK
K O0JIy4eHUIO, HO CTUMYJINPYET pa3BUTHE TOPMOHAIBHOMN
PE3UCTEHTHOCTH (CM. PHUC. 2), TO3TOMY MOXHO IIPEAIIO-
JIOXXUTD, 9TO B JAHHOM CJTydae MbI CTAIKMBAEMCSI C U301 -
paTelbHBIM AelicTBHEM Snaill Ha 3CTPOreHOBBIN CUTHA-
JIMHT, B TO BpeMsl KaK OMHOBpPEMEHHasl aKTHMBU3aIIMsI
AHTHAIIONITOTUYECKOTro AKt-CUTHAJIMHTA IIPUBOIUT K pa3-
BUTHUIO PE3UCTEHTHOCTH KJIETOK K O0JIyUCHUIO.

OBCYXIOEHUE

HccrnenoBanne BIUSHUS 00IydeHMS HA YYBCTBUTEIIb-
HOCTbh OITyXOJiel K KOHCepBaTUBHOM Tepamuu (JieKapcT-
BEHHOM WUIM TOPMOHAJIbHOM ) OTHOCHUTCS K YHUCITy Hanbo-
Jiee aKTyaJbHBIX 3amad, BO MHOI'OM OIIpEHEISIOIINX
TaKTUKY JIEYEHUS U 11eJ1ecO00pa3HOCTh KOMOMHUPOBAH-
HOW Tepaluy OHKOJOIrMYeCcKUX 00JabHbIX. MHTEpEC mipen-
CTaBJISIIOT MCCIEAOBaHUS, IMPOIACMOHCTPUPOBABIINE
3(pheKT ycuIIeHUs MHOXECTBEHHOM JIEKapCTBEHHOM
YCTOMYMBOCTH B OITyXOJIEBBIX KJIETKAX ITOCTIE OOIyICHUS,
CBSI3aHHBIN ¢ HaKOIUIeHEeM B KiieTkax ABC-tpaHcmopre-

YCNEXWU MONEKYNAPHOU OHKOJIOTUN
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Puc. 2. Tpancgexyus wSnaill u uyecmeumenvnocms kremoxk MCF-7 k mamokcugeny u yrompaguosemogomy (YD) oonyuenuro: a — uepesz 24 4 nocae
mpanchexyuu kKaemku Kyabmueupoganu @ npucymemeuu 5 mk M mamokcughena 6 meuenue 3 cym u onpeoeasinu KoAUUECma0 8bIICUBUUX KACMOK ¢ NOMOUbIO
MTT-mecma; 6 — ummynoorommune oo6pazyos knemox MCF-7 uepe3 24 u nocae mpancgexuyuu wSnaill. [Ipedcmasnenst pe3ysomamsi 00H020 U3 mpex
He3a8UCUMbIX IKCHEPUMEeHmMO8; 6 — eausnue wSnaill na mpanckpunyuonHylo akmugnocmo peyenmopa scmpoeena o. (ERo) (penopmepnuiii ananus);
2 — Kononueobpasyrowuii mecm. Knemxu uepes 24 v nocae mpancgexuyuu wSnail 1 oonyyanu YD u pacceusanu Ha 6-1yHOUHbLIL NAGHUIEM, OKPACKY KOAOHUL
npoeoounu yepes 10— 14 cym. Ilpedcmasnenvi cpednue 3naverus + cmanoapmuoe OMKAOHEHUE MPEX He3A8UCUMBIX IKCHEPUMEHIMO8

Fig. 2. Transfection of wSnail l and sensitivity of MCF-7 cells to tamoxifen and ultraviolet (UV) irradiation. Transfection with control plasmid pc3 and wSnail 1
plasmid: a — cells 24 h after transfection were cultured in the presence of 5 uM tamoxifen for 3 days and the number of viable cells was determined by MTT
assay; 6 — immunoblotting of MCF-7 cell samples 24 h after transfection. Results from one of three independent experiments are presented; ¢ — effect of wSnail 1
on estrogen receptor a. (ERa) transcriptional activity (reporter assay); e — colony-forming test. The cells were exposed to UV 24 h after wSnail I transfection and

seeded on 6-well plates, the colonies were stained after 10— 14 days. Mean values * standard deviation of three independent experiments are presented

poB [16]. CyliecTByIOT LOBOJBHO MPOTUBOPEYNBLIE JaH-
HbIE O CBSI3M 00JIyYeHHSI 1 TOPMOHAJIbHOM YCTOMYMBOCTH.
CoracHo pe3yibTaTaM McclenoBaHuii, B cirydyae PM2K
00y4eHue 1100 He IIPUBOIUT K M3MEHEHUIO TToKa3aTeseit
obueit BbpkuBaeMocTy Iipu ER-orpuniarensinom PMIK,
00 COMPOBOXIACTCS JIMINh HE3HAUYUTEABHBIM HX
yBeqmyeHueM [1, 2], B To BpeMs kak npu ER-momoxu-
TenbHOM PMZK mogo6HOI TeHAeHIIMM He 0OHapyKeHO
[3—5]. B paborax Ha KyJIbTUBUPYEMBIX in Vitro KieTKax
PMX nponeMOHCTpUPOBAHO, YTO OOJy4eHUE MOXKET
(B 3aBUCHMOCTH OT HO3bI ¥ IIPOAOKUTEIIHHOCTU BO3IEH-
CTBHSI) BBI3BIBATh HAPYIIICHHSI TOPMOHAIBHOTIO aIlrapaTa
KJIETOK, B TOM YHCJIe YacTU4YHYyIo rmotepro ERa u pa3Bu-
THE PE3UCTEHTHOCTU K aHTUICTporeHam [6, 7]. O6Ha-
pyXeHa KOpPeJAlns MeXIy BOSHUKHOBEHHUEM ITPHO0-
PETEHHOM PagMOPE3UCTECHTHOCTU U TOPMOHAJIbHOMN

PE3UCTEHTHOCTHIO KiieToK PM2K, 4To B 11e10M TTOATBEP-
KIAET BO3MOXHOCTh HAPYIIEHMWSI TOPMOHAIBHOIO CUT-
HaJlvHTa Ha poHe obayueHus [17—20].

B Hacrosieit pabore YP-00aydeHrE NCITOJIb30Ba-
JIOCh B KA4€CTBE SKCIIEPUMEHTAIbHOM MOAEIM JISI U3yde-
HUS peaklIMK OITyXOJIeBbIX KJIETOK Ha rmoBpexxneHus JJHK.
MBI uccieaoBald U3MEHEHHUSI 3CTPOreHOBOrO CUTHAIMH-
ra ¥ ypoBeHb 3KCIIPECCUU KIIOYEBBIX CUTHAIbHBIX OelI-
KOB B KJIeTKax ropMoHo3aBucumoro PM2K MCF-7 mmocre
OIHOKPATHOTO U XPOHMYECKOro oonydeHus. Kak u oxu-
J1aJI0Ch, OMHOKPAaTHOE 00JlydeHUe IMPUBOIUT K aKTUBa-
LMK OEJIKOB aIlloNTOTHYecKoro curHanuara (p53, cPARP)
Hapsioy CO CHMKEHHMEM KCIIpeccruy 0eIKOB mposrdepa-
tuBHoro kackana (CDK4, CDKG6). [1pu atom HaGmona-
€TCsI BhIpaKe€HHAasl aKTHBALIMSI KJII0YEBOIO aHTHAIIOIITO-
TUYECKOro 0eka — MpOoTeMHKMHa3bl Akt 1 OCHOBHOTO
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Puc. 3. MuxpoPHK-181a-2 (mir-181a-2) u wyecmeumenvrnocmo knemox MCF-7 k o6ayuenuio. Knemxu mpancgpuyuposanu muxpoPHK-scrambled (cay-
uaiinas nocaedosamenvrocms) u mir-181a-2. Hmmynobrommune oopasyoe knemox MCF-7 uepe3 24 u nocae mpancgexyuu (a). [Ipedcmasnenst pezyroma-
mbl 00HO20 U3 Mpex He3asUCUMbIX dKcnepumenmos. Koaronueoopasyrowuii mecm (6). Yepes 24 u nocre mpancgexuyuu Kaemiu 004y4aiu yrompaguosemom
(YD), oxpacky kononuii nposodunu uepes 10— 14 cym. [Ipedcmagaensi cpedrue 3navenus + cmandapmuoe omKAOHeHUe MpPex He3ABUCUMbIX IKCHePUMEHN08
Fig. 3. MicroRNA-181a-2 (mir-181a-2) and the sensitivity of MCF-7 cells to irradiation. Cells were transfected with microRNA-scrambled (random sequence)
and mir-181a-2. Immunoblotting of MCF-7 cell samples 24 h after transfection (a). Results from one of three independent experiments are presented. Colony-
Jforming test (6). Cells were irradiated with ultraviolet (UV) 24 h after transfection, and colony staining was performed 10— 14 days later. Mean values *

standard deviation of three independent experiments are presented

peryJsiTopa SMUTEINaTbHO-MEe3eHXUMAaJIBHOTO TIepexona
Snaill.

Kaxk n3BecTHO, IMTOBTOPSIOMINECS IIMKIBI OOTYICHMS
IIPUBOMST K CEJIEKIINM PE3UCTCHTHBIX KJIOHOB OITYyXOJIEBBIX
KJIETOK, YCTOMUYUBBIX K 00mydeHmio [21—23]. AHanoruy-
HYIO KapTUHY MBI HaOmogaau B ciydae YP-00ydeHus:
B YCIOBUSIX XpOHUUYECKOTO 00yueHus kiaetok MCF-7
dopmupyetcss YD-ycTONYMBLIN My, YTO OBLIO OITMCAHO
Boiie. [TomydeHHbBIe TOTOOHBIM 00pa3oM YD-pe3ucTeHT-
HbI€ KJIETKU OTJMYAIMCh HU3KOM aKTUBHOCTHIO ERa 1 110-
BBIILIEHHOM YCTOMYMBOCTBIO K JEUCTBUIO AHTUACTPOIC€HOB
[12]. B HacTosieit padoTe MBI BIiepBbie ormcain 3G@eKT
runepakcnpeccuu Snaill B YD-pe3ncTeHTHBIX KJIeTKaX
U B BKCIIEpUMEHTaX 1o TpaHcdekuu Snail-conepxkaieit
IUTa3MUIBI TPOASMOHCTPHUPOBAIN HEIIOCPEICTBEHHOE
ygactie Snaill B pa3BUTUM ITEPEKPECTHON PE3UCTEHTHO-
CTH KJIETOK K TOPMOHAJILHBIM COCTMHCHUSIM.

Cienyer OTMETHUTD, YTO B OITyOJIMKOBAaHHOM paHee pa-
6o0te 1o BiusiHUI0 Y®-0061ydyeHUs Ha KJIETKA METaHOMBI
MBI TaKKe 0OHapyXuiau 3(pdekT akTuBauuu Snail B 061y-
YEHHBIX KJIETKAX Ha (hOHE ITONABICHHS 3CTPOI€HOBOTO CHUT-
HayiuHra [8]. D10 B onpenesieHHOM CTeIeHU CBUAETEbCT-
ByeT 00 OOIIMX 3aKOHOMEPHOCTSX B M3MeHeHUM Snail
¥ 3CTPOreHOBOTO CUTHAJMHTA B OOJYYEHHBIX KIIETKAaX.
KocBeHHBIM TTOATBEpXKICHIEM KOOPIMHINPOBAHHOM pery-

nguuu Snaill n ERo ssBUMch 3KCepUMEHTHI IO TPaHC-
¢exumm MukpoPHK-181a-2, ocHoBaHHbBIE HAa ONTMCAHHOMN
paHee CITOCOOHOCTH TOCJICAHE! BRI3BIBATh MHAKTUBALIMIO
ER 1 npuBoAuTH K YaCTUUHOMY CHIKEHUIO TOPMOHAIBHOM
3aBUCUMOCTH KJIETOK [15]. MBI ITpOoaeMOHCTPUPOBAIH BbI-
pakeHHYIO akTUBaLuIo Snaill B KJieTKax rmocJje TpaHchek-
1y MukpoPHK-181a-2, conmpoBozknaroniyiocst pa3BUTHEM
OTHOCHUTEIbHOI YMP-pe3nCTEHTHOCTH, YTO ITO3BOJISIET pac-
cMaTpUBaTh aKTUBaLMIO Snaill mox aeiicTBueM O0IydeHUsT
B Ka4eCTBE OTHOTO U3 (haKTOPOB, YUACTBYIOIINX B ACPETy-
JISIIIAM 3CTPOTEHOBOTO CUTHAIMHTA.

3AKJTKOYEHME

B 1meroM mosrydeHHBIE TaHHBIE ITOKA3bIBAIOT, YTO
Snaill aBaseTCST OMHUM U3 OEIKOB, aKTUBUPYEMBIX B 00-
JIy4eHHBIX KJIeTKaX, ¥ IeMOHCTPUPYIOT €TO yJacTUe B MHAK-
THBALIX 3CTPOTCHOBOTO arriapara B yCJIOBHSIX XPOHUIECKO-
ro obiyyeHus KJjieTok. B cBolo ouepennb, omHOBpeMeHHast
aktuBanus Akt u Snaill kak B YD-pe3nCTEHTHBIX KIIETKAX,
TaK 1 B KJIeTKaX, TpaHC(ULIMpoBaHHBIX MUKpoPHK-181a-2,
COITPOBOXIAETCST Pa3BUTHEM PE3UCTCHTHOCTHU 1 K 00Iyde-
HUIO, ¥ K TOPMOHAIBHBIM COSIMHEHSIM, YTO CBUICTEIIBCT-
BYeT 0 HEOOXOIMMOCTH KOOPAMHUPOBAHHON aKTUBAIIUH
9TUX 0€JKOB IIpU (POPMUPOBAHNY TIEPEKPECTHON pe3n-
CTEHTHOCTH KJICTOK.

YCNEXWU MONEKYNAPHOU OHKOJIOTUN
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