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AHAJIVI3 BJIVISIHVS YPOBHSA DKCIIPECCUV TEHOB
I CETEVI MEJXKMOJIEKYJISAPHBIX B3AVMMOOEVICTBUM
HA PA3BUTWUE PAIIMOPE3VICTEHTHOCTU
OITYXOJIEBBIX KJIETOK
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Hecmomps na cBou ycnexu paduayuonnas mepanus cmaixubaemca ¢ npobiemamu YyckopeHHoU penpo-
OyKYUU ONYX0AeBbIX KACHOK U PAOUOPE3UCINEHITHOCTITU 340Ka4ecBenHbIx H06000pa306anuil.

Lleav uccaedobanus saxaouasacy 6 anasuse GAuAHUS YPoBHA SKcnpeccuts eeHOB U cemeti MeXMOAEKYAAP-
HbLX B3aumodeiicmBuil Ha pasbumie paouopesucmenmHoCY 0nyxoAeBbix KAenoK.

Mamepuarv: u memoovt. McnoavsoBasu 4 onyxosebovie xaemounvie Aunuu: K562, HCT-116p53 (+/+),
HCT-116p53 (-/-) u Me45. 15 uccaedobanus mpanckpunmoma Gul0pantbix KAemouHsx AUHUI NpUMe-
HAau eubpuousayuonnsie JTHK-uunwt Geicoxoin naomnocmu Affymetrix cepuu HGUI133A. buourngopma-
YUOHHBLIL AHAAU3 OUHAMUKY FKCHpeccull 2eHo8 npobooutl ¢ noMoublo opuuHasbHou npoepammst Gene
Selector. M3yuenue cemeii MexmosekyAapHbix B3aumodeiicmbuil BoinoAHANU ¢ UCNOAB30BAHUEM OHAAIH-
cucmemst STRING.

Pesyavmamut. Y emaroBaeno, umo ypoBens sxcnpeccuu eenod DAAMI, IFNAR2, PALLD u STK17A no-
cae Bosdeiicmbus uonusupyioujeeo usayuenus 8 dose 4 I'p Bospacmaem 6 kaemounoi aurnuu K562 u cHu-
xaemes 6 HCT-116p53 (+/+), HCT-116p53 (-/-) u Me45. Tlpu ucnoav3obanuu OHAATIH-CUCIEMbL
STRING obHapysxerb. MHO0HUCAEHHbLE KOMNAEKCHL DeakoB uccaedyembix eeHoB. V3 smoeo caedyem, umo
eenvt DAAMI, IFNAR2, PALLD u STK17A cnocobuut oxkazvibams BosdeiicmBue Ha 0esamesbHoCb HeKo-
MOPLIX YUACHHUKOS cemu MeXmosekyAapHblx B3aumodeticmbuii. Omobpannsie eenvst DAAMI, IFNAR?2,
PALLD u STKI17A u besok-besxoBuie komniekcel, kooupyemvie Oarnvimu eenamu: DAAMI, TNK2,
PTBP2 u DVL2; IFNAR2, STAT2, IRF9, JAK1, GNB2L1 u IFNAR1; PALLD, LPP u ACTN2 - moxto
ucnoav3obams 8 xauecmbe NOMEHYUALLHBIX MUleHetl, MOOYAAYUSL KOMOpbix no3bosum yBesunums om-
Bem xaemox 3noxauecmBentvix HoBoobpasobaruii Ha Bos0ericmbiie UOHUIUPYIOUE20 USAYHEHUSA.

KaroueBuie croBa: snoxauecmbennas onyxoas, 3Kkcnpeccus 2enol, paduopesucmeHmHocns onyxoseBix

KAeMoK, UOHU3UPYIOujee ussyderue, besok-beskoboe B3aumodeiicmbue.

Beenenmne. ExxeronHo B MUpe HaCUUTHIBAIOT
Oonee 14 MiH ciryyaeB 3a00JI€BAEMOCTH M CMEPT-
HOCTH OT 3JI0KaYeCTBEHHBIX HOBOOOPA30BaHUH, U
B MOCJCIYIOUINE NECATUICTHSI HX KOJIUYECTBO
MIPEONOKUTENBHO yBeNnIuTesa A0 22 miH [1].
JlokaszaHo, 4TO U3 BceX METOJIOB TePaIHHU 3JI0Ka-
YECTBEHHBIX OIyXOJIE MEHee TSKEIBIMHA I10-
CIIEJICTBUSIMH XapaKTEPHU3YETCs paJnalliOHHAS
Tepanus. B pagpaliMOHHONW Tepanmuu HCHOJb3Y-
ercst noHm3upytomiee nnydenne (M) ans npe-
00pa30BaHHUS MOJIEKYJT BOZIBI OIYXOJEBBIX Kile-
TOK B TIEPOKCHI-PaTUKajbl, CIIOCOOHBIE pa3py-
IaTh BHYTPHUKIETOYHBIE CTPYKTYpHI, TIaBHBIM
obpazom JIHK xmetkm [2]. Hm3kas BeDKHBae-
MOCTB OIYXOJIEBBIX KJIETOK TaKXe CBSI3aHa C My-
TaIUsMH, KOTOpPbIE BO3HWUKAIOT IIOJ BIMSHHEM
NU. Ognako, HECMOTPS Ha YCIIEXH, PaAHAINOH-

Hasl Tepamnusi CTAJIKUBACTCS C TIPOOIEMaMH YCKO-
PEHHOM PENPOAYKILIUH OIyXOJEBBIX KIETOK U pa-
JUOPE3UCTEHTHOCTH 3JI0KaYeCTBEHHBIX HOBOOO-
pazoBanwii [3].

JlokazaHo, 4TO paAnOyCTOHYUBOCThH KIIETOK
37I0KaueCTBEHHBIX OMyxoied QopMmupyercss Ha
pasHbIX YPOBHSAX BO3AEHCTBHS Ha KIETKY M Ha
KaXIIOM M3 HUX aKTUBUPYIOTCS pa3IMYHbIE MOJIE-
Kynbl [4]. Takoit mporecc, Kak TpaBHIIO, IPHBO-
IUT K OJIOKUPOBAHUIO HEKOTOPBHIX BHYTPHUKIIE-
TOYHBIX IPOLIECCOB, HAPYLIEHUIO KOHTPOJIS Kie-
TOYHOTO LUKJA U anonTo3y [5]. B cBs3u ¢ atiM
HEKOTOpBIE CHEIMATINCTBI IPEACTABIISIIOT KaHIe-
pOreHe3 KaK XPOHMUYECKHH CTpecc, a paauo-
YCTOMUYMBOCTh KJIETOK OIYXOJIEH CBSA3BIBAIOT C
THIIEPIKCIIPECCHEH CTPECCOBBIX OEJIKOB, KOTOpast
ABJIAETCS PEaKlMeil KJIETOK Ha CTPECCOBOE BO3-
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neiictue. [logrBepxneHne 3ToMy 00HapyXeHO B
UCCIIEIOBAHUAX, MPOBEIECHHBIX Ha OIYXOJIEBBIX
kneTkax Melmeit: I B nose 6 I'p oka3biBaio BIH-
SIHAE Ha KJIETKH OITyXOJM U YCHWJIMBAJIO dKCIIpec-
CHUIO CTPECCOBBIX OenkoB [6]. B mpyrux uccnemno-
BaHMAX IOKA3aHO, YTO YBEIWYEHHE KOJIUYECTBa
HEKOTOPBIX OCIIKOB ITO3BOJISIET 3AIUTHTH 3JI0KaYe-
CTBEHHYIO OIyXoJib OT BozjaeuctBuss UN. Takum
00pa3oMm, OHOM U3 TJIABHBIX MPUIXH GOpMHIpOBa-
HUS PaJlOpPE3UCTEHTHOCTH OITyXOJIEBBIX KIIETOK
SIBIISIETCS] I3MEHEHHAST DKCIIPECCHs TeHOB [7].

Jloxazano [8], uyto Ha Bo3meiicteue MU pa-
JM0YCTOWYMBBIE OITyXOJIEBbIE KIETKU PearupyroT
HEe HampsMylo. Mexnay BHEIIHMM CTUMYJIOM H
0COOBIM OTBETOM OITyXOJICBBIX KJIETOK HMEETCS
0COOBIN KacKal CHTHAIBHBIX MoJieKyl. Ero omnm-
CBIBAIOT KaK OMOXUMHUYECKHUH MTyTh, KOTOPBIH CITO-
COOCH YCHIIUTh WU OCTa0UTh BHYTPUKIIETOUHBIN
CUTHaJ U NPEBPAaTHTh €ro B (opMmy, peanusyro-
LIyI0 OTBETHBIC peakuuu. COOTBETCTBEHHO, BaX-
HBIM YCJIOBUEM Pa3BUTHS YCTOWINBOCTH OITyXOJIe-
BbIX KJIETOK K 1M, KpoMe aKTHBHOCTH HEKOTOPBIX
TCHOB, SIBISIETCS M3MEHEHHE CBOWCTB M BHYTPH-
KJIETOYHOW KOHIIEHTparmu OenkoB. B maHHOM
cllyyae UMEETCs B BUAY UX OMOXUMUYECKOE B3au-
MOZICHCTBUE U B3aHMMOCBSI3U, HA OCHOBE KOTOPBIX
OCYILIECTBIISIETCS Mepelauya CUTHAJIOB B KIIETKE.

Takum o6paszom, IS MOHUMAaHUS TpoLecca
Pa3sBUTHUA PE3UCTCHTHOCTH OITYXOJICBLIX KJICTOK K
NN BaxXHO y4WTHIBATH CTENEHb MHTEHCUBHOCTHU
sKcrpeccun reHoB. Ee u3ydyenne umeer ¢yHaa-
MCHTAJIbHOC 3HAYCHHUE C TOYKU 3PCHUA BLIABJIC-
HUA ONPCACIICHHBIX TCHOB U IMPAKTUYCCKOC 3HA-
YeHHe, KOTOPOe 3aKIII0YaeTcs B YBEIMYEHUH OT-
BC€Ta paI[I/IOyCTOI\/'ILII/IBI)IX KJICTOK OIIYXOJIM Ha BO3-
neiicteue NN.

Heas wuccaenopanusi. IIposectu anHamus
BIIUSIHUSL YPOBHS DKCIIPECCUU I'€HOB U CETEN MEX-
MOJIEKYJIIPHBIX B3aUMOJEHCTBUM Ha pa3BUTHE
PaarOPE3UCTEHTHOCTH OITyXO0JIEBBIX KIIETOK.

Martepunaasl u MeToabl. Vcnonbs3oBanu
4 muHNY OIyXO0JNeBbIX KeTok: K562 — cycrnien3non-
HYIO JIMHUIO YEIOBEYECKUX IPUTPOICHKEMUIECKIX
mimMgoomactonansix Kietok; HCT-116p53 (++)
n HCT-116p53 (—/—) — kineTouHble IMHUK paKa
IIPSIMOM KUUIIKH YeJIOBEKa C HOPMAJIBHBIM U My-
TaHTHBIM TeHoM 7P53; Me45 — KIIeTOuHyIo Ju-
HUIO MeJaHOMbl 4ejoBeka. KyibpTuBupoBaHue
KJIETOK MWCCIIEAYeMbIX JIMHUHA NPOBOAWIN NPH

cTaHfapTHbiXx ycnoBusx: B CO;-uHKyOatope

MCO-18AIC CO2 (Helicon, Smonus) mpu mo-
crosgHHOM Temnepatype 37 °C, 5 % CO2 u 98 %
BIaXHOCTH. ISl MOANEp aHUs KU3HEICSTENb-
HOCTH HCIIOJIb30BAJIM  NUTATENBHYIO  Cpeay
DMEM/F12 («ITauDxo», Poccus) 6e3 L-riyta-
muHa, ¢ 10 % sMOpHoHanbHOU OBIYBEW CBIBO-
POTKOH W 5 MKI/MJ TeHTaMHULUHA Ui JTIUHUN
HCT-116p53 (+/+), HCT-116p53 (—/—) u Me45 u
cpery RPMI-1640 («Ilandko», Poccus), comep-
xauryto L-rmyramun, 10 % 3MOproHanbHy0 ObI-
YbIO CBIBOPOTKY U 5 MKI/MJI TeHTaMHULIMHA, IS JI1-
aun K562. Uepes kaxmpie 4 THS TPOBOIMIH 3a-
MEHY MTUTATENBHOM cpefibl. B KaduecTBe HCTOUHMKA
W3Ty9EHUs] WCTIOIB30BAIN IH(PPOBOI JTHHEHHBII
yckopurenb Elekta Synergy (ELEKTA, IlIBerus).
O6myuenue ketox U mpoBoawuti 0 JHOKPATHO B
no3e 4 I'p. Kietounble TUHMH TTOIBEPTaINCh 00-
nygenuto B ['Y3 O0macTHOW KIMHUYECKUA OHKO-
JIOTUYECKUM JUCTIaHCED T. YJIbIHOBCKA.
JuddepernrpoBanue KIETKH C IPU3HAKAMHA
aronTo3a W HEKpo3a MPOBOAMIM C HMCIOIb30Ba-
auem komiuiekta V-FITC Apoptosis Kit (Invit-
rogen, CIIIA) MeTo/10M TPOTOYHOH IUTOMETPHH.
PHK Bb1emnsiii ¢ moMorbsio Habopa JTst BbIese-
Husg PHK B coOTBETCTBUM € MHCTPYKIUEHN IPOU3-
BoauTens. ILlenoctHocTh BeiAenenHor PHK ana-
nu3upoBanu Ouoananuzaropom Agilent 2100
(Agilent Technologies, CILIA). bBubnuoteky kio-
HupoBaHHbIX JJHK rotoBunu ¢ ucnonb3oBanuem
kommiekta Gene Chip Expression 3'-Amplifica-
tion One — Cycle cDNA Synthesis Kit. Meuenne
OMOTMHOM aHTHCMBICIOBBIX OMOJIMOTEK KIIOHH-
poBansbix PHK 1 ouncTKy BBINONHSAIN ¢ TOMO-
mpto Habopa Gene Chip Expression 3'-Ampli-
fication Reagentsfor IVT Labeling B cooTBet-
CTBHHM C TPOTOKOJIOM mpou3Boautens. OOree
gucio noinydeHabix PHK u IHK ycTanaBimuBamu
C UCIIOJIb30BaHKEM criekTpodoTomMerpa NanoDrop.
I'uOpunmzanuto kPHK BeimonHsun ¢ Marpuiei
HGUI33A. OxparieHHyio MaTpHily OTMBIBAJIN
oT HecBsizaBIerocs oenka. [locie uero ee ckanu-
poBaiii Ha creuuanbHOM ckaHepe GeneArray
G2500A. Bb160op TeHOB IO YPOBHIO HHTECHCHBHO-
CTH UX KCIIPECCHH M MTOMCK OOLIMX B UCCICTye-
MBIX OITYyXOJIEBBIX KJIETOUHBIX JINHUAX OCYIIECTB-
JSUTA € TIOMOIIBIO OPUTHMHAJIBHON MpPOrpaMMBI
Gene Selector. AHaH3 ceTH MEXKMOIEKYISIPHBIX
B3aUMOJICHCTBUI NPOBOAWIM Ha OCHOBE 0a3bl
maaabix STRING 9.0 (Search Tool for the
Retrieval of Interacting Genes/Proteins).
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OmpeneneHrue YpOBHS YYBCTBUTEIBHOCTHU
UCCIEeAyEMBIX JIMHUM OIyXOJIeBhIX KJeToK K M
OCYIIECTBIISUIA METOJOM MPOTOYHOH HUTOQITYO-
METpUHU C ucnoib3oBanueM Annexin-V-FITC u
WOJTUIA TIPOTTUIHSL.

B kadecTBe KOHTPOJIS MCIIOIB30BAIIA AHAJIO-
TUYHBIC KJICTOYHBIC TUHUH, KOTOPBIC HE TIOJBEP-
rainuce Bosaeicreuro NN.

Pe3yabTaThl U o0cyxaenue. [locie ob6my-
yeHus B f03€ 4 ['p B paarioqyBCTBUTENBHBIX KJle-
TOYHBIX JIMHHUAX PaKa MPSAMOW KHUIIKH YeIOBeKa
HCT-116p53 (—/—) m HCT-116p (+/+) BBIABIICHO
cootBeTcTBeHHO 24,9 % 1 20 % KI1eTOoK ¢ mpu3Ha-
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KaMH aroIrTo3a U HEKpo3a; B paluOdyBCTBUTENb-
HOM KJIETOUHOM JIMHUY MEJIaHOMBI yeroBeka Me45
y 28,4 % xneTok 00Hapy>KeHbI IPU3HAKH JIeTpaja-
. MeHee parodyBCTBUTENBHOM OKa3aaach JIu-
HUS YEJIOBEUYECKUX IPUTPOIECHKEMUUECKUX JIHM-
(obnacronnneix knerok K562, B koTopoii mocie
ee 00y4yeHust TobKO y 12,8 % KIIeTOK BBISBICHBI
NPU3HAKU aronTo3a M Hekpo3a. Takum oOpaszom,
orryxoJeBble KieTku tuHun K562 seistorcs 6omee
paguoOpe3UCTeHTHBIMU K Bo3zeiicTBuio MU, uem
knerkn nmuanid HCT-116p (+/+), HCT-116p (—/-)
u Me45 (puc. 1).

Bl -4 4Gy
[] - KonTpons Control

*

% KNETOK C NPU3HaKaMM anonTo3a U HeKpo3a
% of cells with signs of apoptosis and necrosis

K562 HCT-116p (+/+) HCT-116p (--) Me45

Mccnenyemble pakoBble KneTouHble avHuK Cancer cell lines

Puc. 1. O01iee 4uCIIO KJIETOK C TIPU3HAKAMH aIlONTO3a U HEKPO3a B UCCIEAYEMBIX
JMHASAX OIMYXOJIEBBIX KIETOK depe3 24 1 mocne Bo3aeicteus U B noze 4 I'p
(moctoBepHbIe pazmmuus npu p<0,05: * — ¢ KOHTPOIBLHON TPYTIIIOH,

# — ¢ xkierounoit muaueit K562, $ — ¢ xiaerounoi mauei Me45)

Fig. 1. The total number of cells with signs of apoptosis and necrosis in the studied tumor cell lines (K562,
HCT-116p (+/+), HCT-116p (—/—) and Me45) 24 hours after irradiation with ionizing radiation at a dose of 4 Gy.
(* — the differences are significant compared with the control group (p<0.05),

# — the differences are significant compared with K562 cell line (p<0.05),
$ — the differences are significant compared with Me45 cell line (p<0.05))

[Tonck mMOTEeHIMANBHBIX T'€HOB-MUIIEHEW B
UCCIIEAYEMBIX KJIETOYHBIX JIMHUSAX OCYIIECTB-
nsmu ¢ nomometo JJTHK-Mukpounna Ha ocHOBe
OTBeTa reHoB Ha Bo3aekcTBue M. B kireTounom
nanU K562 Ob11r 0TOOpaHbI reHbl, OTBEYAIOIINe
POCTOM 3KCIIPECCHH B OTBET Ha 00JyYeHue, B JIU-
Husx HCT-116p (+/+), HCT-116p (—/—) u Me45 —
ee CIaJoM. YpPOBEHb JKCIPECCHUH T'€HOB H3Me-
psnu ¢ noMorubto Matpuiel HGU133A. B panno-
PE3UCTEHTHON KJIETOYHOW JIMHUM BBISIBICHO
109 reHoB, ypoBeHb IKCIIPECCUU KOTOPBIX HEU3-
MEHHO YBEJIMYMBAJICA. B JHHMAX OIMyXOJeBBIX

kinetok HCT-116p53 (+/+) u HCT-116p53 (—/-)
oOHapyxeH 231 reH, a B Me45 — 63 reHa, y KOTo-
PBIX B paMKax 3KCIIEpUMEHTa 3aQMKCUPOBaH I10-
CTOSIHHBII cHaj ypoBHsI 3Kcmpeccud. B uumcne
HalJICHHBIX 0TOOpPaHbI YSTHIPE FeHA, KOTOPHIE 5IB-
JISIFOTCST OOLIMMHE JUTSL UCCIIETYEMBIX KIICTOYHBIX
muauit: DAAM1 (Disheveled-associated activator
of morphogenesis 1), /JFNAR2 (Interferon Alpha
And Beta Receptor Subunit 2), PALLD (Palladin,
Cytoskeletal Associated Protein) u STKI7A4
(Serine/threonine-protein kinase 17A) (puc. 2).
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JKcnpeccun reHa IFNAR2 (yc.ea.)

Expression of IFNAR2 (c.u.)

3Kcnpeccus reHa PALLD (yc.ea.)

Expression of PALLD (c.u.)

K562 HCT-116p (+/+) HCT-116p (-/-) Me4s
PaKoBble KneTouHble AuHuKM Cancer cell lines

3Kcnpeccua reHa STK17A (yc.ean.)

Expression of STK17A (c.u.)

K562 HCT-118p (+/+) HCT-116p (+-) Me45
PakoBble KneTtouHble nuHmMm Cancer cell lines

Puc. 2. Tunamuka sxcrpeccnu reHoB DAAM I, PALLD, IFNAR2 n STK17A B OIyX0JIeBBIX KJIIETOYHBIX JIMHUSIX
K562, HCT-116p (+/+), HCT-116p (—/—) n Me45 B Teuenne 1, 12 u 24 1 c MmomeHTa 00aydeHus B 1o3e 4 I'p
(* — moctoBepusie paznuans (p<0,05) ¢ KOHTPOIBHOH TPYyTIIIOIT)

Fig 2. Dynamics of DAAMI1, PALLD, IFNAR2, STK17A gene expression in the studied tumor cell lines
(K562, HCT-116p (+/+), HCT-116p (—/—) and Me45) during 1, 12 and 24 hours after irradiation
at a dose of 4 Gy (* — the difference is significant in comparison with the control group (p<0.05))

Bricokuii ypoBEHb 3KCIPECCUU OTMEYEH B
kierouHoit muann K562 y renoB IFNAR?2 (5,88)
u STK17A4 (5,07) uepe3 24 4 mocie obmydeHus. Y
renoB DAAMI n PALLD B K562 ypoBeHb 2KC-
MIPECCHH WMEET OTHOCHTENHHO HEeOONbIINe 3Ha-
geHus (puc. 2 a, 6), OJHAKO, B OTIHMYHE OT YPOBHS
9KCTIPECCHH NTaHHBIX T€HOB B KIIETKaX JIMHHHA
HCT-116p (—/-), HCT-116p (+/+) u ME45, na
HEr0 XapaKTepeH IMOCTOsSIHHbIN pocT. W3 »3Toro
cieayer, 4yTo noj BozaericreueMm U yeenuuenue
ypoBHST 3kcnpeccun reHOB DAAMI, IFNAR2,
PALLD n STK17A4 B pagnoyCTONYNBON KIIETOY-
HOU JIMHUH MOKET OBITh CBS3aHO C pa3BUTHEM Pa-
JUOPE3UCTEHTHOCTH OMYXOJEBBIX KIETOK.

[lpu wu3yuyeHWHM B3aUMOJECHCTBUA MEKIY
OenkamMu OTOOpaHHBIX TEHOB OBLIO BBISBICHO,

YTO MPOIYKT TeHa DAAMI HampsMmyio B3auMO-
neiictByer ¢ Oenkamu reHoB FNBPI (Formin
Binding Protein 1), TRIP10 (Thyroid Hormone
Receptor Interactor 10), ARHGAPI (Rho GTPase
activating protein 1), DVLI (Dishevelled Seg-
ment Polarity Protein 1), DVL2 (Dishevelled Seg-
ment Polarity Protein 2), DVL3 (Dishevelled Seg-
ment Polarity Protein 3), PTBP2 (Polypyrimidine
Tract Binding Protein 2), RHOA (Ras Homolog
Family Member A), SRRM4 (Serine/Arginine Re-
petitive Matrix 4), dyepe3 KOTOpPBIE OKa3bIBaET
BIIMSIHUE HA JESTEIbHOCTh 0eKkoB reHoB ARHG-
DI4 (Rho GDP Dissociation Inhibitor Alpha),
BAIAP2 (BAR/IMD Domain Containing Adaptor
Protein 2), CDC42 (Cell Division Cycle 42),
PAKI (P21 (RAC1) Activated Kinase 1), PAK2
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(P21 (RAC1) Activated Kinase 2), PARD6A (Par-
6 Family Cell Polarity Regulator Alpha), PTBP2
(Polypyrimidine Tract Binding Protein 2), TNK2
(Tyrosine kinase non receptor 2), TRIP10 (Thy-
roid Hormone Receptor Interactor 10), WAS
(WASP Actin Nucleation Promoting Factor),

WASL (WASP Like Actin Nucleation Promoting
Factor). HempepsiBHO yBennumBaromiascs 3Kc-
npeccus reHa DAAMI Moria MOBIMSTH Ha DKC-
npeccuro reHoB TNK2 u DVL?2 (tabn. 1), koTopas
MOCTOSIHHO YBEJNWYMBAlIach BO BCEX HCCIeIye-
MBIX KJIETOUHBIX JTHHUSIX.

Tabnuya 1
Table 1

YpoBeHb 3KkcnpeccHy reHoB, GYHKIMOHAJIBLHO CBA3AHHBIX ¢ TeHoM DAAM1,
yepe3 1, 12 u 24 4 ¢ MoMeHnTa 00J1ydeHnus B 103e 4 I'p B onmyXoJ1eBbIX KJI€TOUYHBIX JIUHUSX
K562, HCT-116p (+/+), HCT-116p (—/-), Med5

The expression level of genes functionally related to the DAAM1 gene 1,
12 and 24 hours after irradiation at a dose of 4 Gy in the studied tumor cell lines
(K562, HCT-116p (+/+), HCT-116p (—/-) and Me45) *

Pamopesncrentuas PaanouyyBcTBUTEIbHBIE KIETOUYHbIE JTHHUT
R K.n.eTo-{.naﬂ ﬂm{mf Radiosensitive cell lines
adioresistant cell line
HazBanmue
rena K562 HCT-116p (+/+) HCT-116p (-/-) Med45
Gene
1y 124 244 1y 12 4 244 1y 12 4 244 1y 12 4 244
1 12 24 1 12 24 1 12 24 1 12 24
hour | hours | hours | hour | hours | hours | hour | hours | hours | hour | hours | hours
DVL2 -0,010 | 0,163 | -0,048 | -0,127 | -0,043 | 0,058 | 0,002 | 0,016 | 0,154 |-0,082|-0,075|-0,011
PTBP2 0,018 | 0,137 | -0,044 | 0,131 | 0,059 | 0,008 | 0,451 | 0,271 | 0,240 | 0,044 | 0,015 | -0,042
TNK2 -0,006 | 0,034 | 0,144 | -0,217|-0,179 | -0,068 | -0,139 | -0,103 | -0,068 | -0,070 | -0,044 | 0,000

HpnMeqal-me. I[aHHLIe B Ta6HI/IH€ MpCACTABJICHbBI KaK OTHOLICHUC YPOBHA KCIIPCCCHUU I'€HAa K YPOBHIO 5KC-

MPECCUU FeHa B KOHTPOJIE.

Note. The data are presented as the ratio of the gene expression level to the gene expression level in the
control. Similar cell lines not exposed to IR were used as controls.

OCHOBHOE pa3nu4HMe 3aKI0YAeTCI B TOM,
YTO YpPOBEHb dKcmpeccuu reHa TNK2 B kieTou-
Hor smHMM K562 wHaMHOro BBINIE, YEM B
HCT-116p (-/-), HCT-116p (+/+) u Me45. Dkc-
npeccus reHa DVL2 B paainope3nCTEHTHOMN Kile-
TOYHOW THHUM Yepe3 12 4 mociie o0irydeHus pes-
KO CHIDKACTCSI U MMEET MUHUMAJIBHOE 3HAYCHHE
M0 OTHOIIEHUIO K 3HAYCHUSM JKCIIPECCHH B KIle-
tounbIX JuHMIX HCT-116p (—/—), HCT-116p (+/+)
1 Me45, B KOTOPBIX €€ ypOBEHb IIPOIOIDKAET YBE-
TUIUBaTECS (puc. 3).

Yposens skcrpeccun reHa PTBP2 (Poly-
pyrimidine Tract Binding Protein 2) Bo Bcex uc-

ClJIeTyeMBIX KJIETOUHBIX JIMHUSX JOCTUTAET CBOCTO
MHHUMAJBHOTO 3HAYEHHA uepe3 24 1 mocie o0iry-
yeHus. OJJHAKO B paJIMOPE3UCTEHTHON KIICTOUHOM
JIMHUM OTMEYAeTCs PE3KUI POCT MOKa3aTellsl uepes
12 4 moce o00JrydeHus, 9TO, BO3MOXKHO, 00YCIIOB-
JICHO BIMSIHUEM PaboThl reHa DAAMI.

I'en IFNAR2 HenoCpeCTBEHHO B3aUMOJCH-
cteyer ¢ reHamu 1YK2 (Tyrosine Kinase 2),
GNB2LI (Receptor For Activated C Kinase 1),
STATI (Signal Transducer And Activator Of Tran-
scription 1), I/FNAS (Interferon Alpha 8), JAK]
(Janus Kinase 1), IFNWI (interferon omega 1),
STAT2 (Signal Transducer And Activator Of
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Transcription 2), I[FNARI (Interferon alpha and
beta receptor subunit 1 (human)), JAK2 (Janus ki-
nase 2), STAT3 (Signal Transducer And Activator
Of Transcription 3) u IFNAS5 (Interferon alpha 5),
yepe3 KOTOpble OKa3blBaeT BJIMSHUE HA TEHBI
IL2RB (Interleukin 2 receptor subunit beta), /RS
(Insulin Receptor Substrate 1), EGFR (Epidermal
Growth Factor Receptor), IFNGRI (Interferon

0,15
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0,05

0,00 4

-0,054

-0,104

-0,154

-0,20

3Kkcnpeccus reHa TNK2 (yc.eg.)

Expression of TNK2 (c.u.)
*

-0,25

T i T d T ¥ T
K562 HCT-116p (+/+) HCT-116p (-+) Me45
PakoBble KnetouHble nuHumM Cancer cell lines

Gamma Receptor 1), CREBBP (CREB Binding
Protein), /RF'I (Interferon Regulatory Factor 1),
EP300 (E1A Binding Protein P300) u /IRF9 (In-
terferon Regulatory Factor 9). 3nauenust ypoBHs
9KCIPECCHU TEHOB B HCCIIEAYEMBIX KIECTOUHBIX
JUHUSAX, HA WHTEHCHUBHOCTH KOTOPBIX OKazaia
BiHsAHUE padota reHa /IFNAR2, npeacTaBieHbl B
Tabm. 2.

0.20
0.154

0.10 4

3Kcnpeccua reHa DVL2 (yc.ea.)

Expression of DVL2 (c.u.)
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3Kcnpeccusa reHa PTBP2 (yc.ea,)

T T T T
K562 HCT-116p (+/+) HCT-116p {-/-) Med5
PakoBble KnetouHble AMHuKM Cancer cell lines

Puc. 3. lunamuka sxcnpeccnu reHoB TNK2, DVL2 v PTBP2 B OITyXOJIEBBIX KJICTOYHBIX JTUHHUIX
K562, HCT-116p (+/+), HCT-116p (—/—) mu Me45 gepe3 1, 12 u 24 4 mocne obmydenns B no3e 4 I'p

Fig. 3. Dynamics of TNK2, DVL2, PTBP?2 gene expression in the studied tumor cell lines
(K562, HCT-116p (+/+), HCT-116p (—/—) and Me45) during 1, 12 and 24 hours after irradiation
at a dose of 4 Gy
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Tabnuua 2
Table 2

YpoBeHBb 3KcIpeccHy IeHOB, GYHKIMOHAJIBHO CBSI3aHHBIX ¢ reHoM IFNAR?2,
yepe3 1, 12 u 24 4 ¢ MoMeHnTa 00J1ydeHus B 103e 4 I'p B onmyXoJ1eBbIX KJI€TOUYHBIX JIUHUSAX
K562, HCT-116p (+/+), HCT-116p (-/-) u Me45

The expression level of genes functionally related to the IFNAR2 gene
1, 12 and 24 hours after irradiation at a dose of 4 Gy in the studied tumor cell lines
(K562, HCT-116p (+/+), HCT-116p (-/-) and Me45)

PaanopesucreHTHast P
aTHOYYBCTBUTEIbHBIE KIeTOYHbIE THHHHA
KJIETOYHAS JINHUS . \pe .
. . . Radiosensitive cell lines
Radioresistant cell line
Ha3Banue
reHa K562 HCT-116p (+/+) HCT-116p (-/-) Me45
Gene
14 124 24 4 14 124 24 4 1y 124 244 1y 12y 244
1 12 24 1 12 24 1 12 24 1 12 24
hour hours | hours | hour | hours | hours | hour | hours | hours | hour | hours | hours
GNB2L1 -0,012 |-0,014 | -0,023 | 0,017 | 0,024 | 0,009 |-0,006| 0,001 |-0,008 [-0,013| 0,008 | 0,019
IFNAR1 -0,216 |-0,028 | 0,155 | 0,258 | 0,449 | 0,315 |-0,026| 0,195 | 0,078 |-0,071 | -0,063 | -0,109
IRF9 0,025 |-0,0511]-0,125(-0,060|-0,242|-0,206 |-0,031|-0,257 |-0,161 |-0,094|-0,030 | -0,049
JAKI -0,066 |-0,012 | 0,008 | 0,007 |-0,106 | -0,069 |-0,014|-0,095|-0,069 | 0,100 | 0,149 | 0,057
STAT2 -0,107 |-0,101 | 0,071 |-0,197|-0,234|-0,194 | 0,127 | -0,030|-0,127 [-0,144 | -0,148 | -0,078

HpnMeqal-me. I[aHHLIe B Ta6J'II/III€ MpCACTABJICHbI KAK OTHOLICHUC YPOBHA 3KCIIPCCCHUU I'€HAa K YPOBHIO 5KC-

MPECCUU reHa B KOHTPOJIE.

Note. The data are presented as the ratio of the gene expression level to the gene expression level in the
control. Similar cell lines not exposed to IR were used as controls.

YcTaHOBIIEHO, YTO YPOBEHb DKCIPECCHU Te-
HOB STAT2, GNB2LI, IRF9, IFNARI u JAKI
B KieTouHO# mHnN K562 cymecTBeHHO oTiHYa-
eTCsl OT aHAJIOTMYHBIX TIOKa3aTeNeil B KJIETOYHBIX
muamsix HCT-116p (—/-), HCT-116p (+/+) u Me45
(puc. 4). I'mnepakcnpeccus rena [FNAR2 nipoBo-
OUpYeT CIaj YPOBHs dKcrpeccul TeHoB GNB2L1
u [RF9 B xnerounoit mann K562. B K1eTOIHBIX
muausx HCT-116p (—/-), HCT-116p (+/+) u

Me45 sxcnpeccust reHoB GNB2L1 n IRF9 He 06-
NajjaeT 4eTKoW AMHAMUKOM pa3BuTusi. Bmecrte ¢
TEM HEIPEPBIBHBIN POCT YPOBHS IKCIPECCHH Te-
HOB STAT2, Jakl u IFNARI oTMedeH B paguope-
3UCTEHTHOM KJIETOYHOW JNHMHHUH. B paguouyBcT-
BHUTENBHBIX KJIeTOYHBIX TuHUAX HCT-116p (—/-),
HCT-116p (+/+) u Me45 nuHamMuKa 3KCIIPECCHH
JMAHHBIX TEHOB HE HMEEeT YETKOW HampaBJIeH-
HOCTH.
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Puc. 4. Tnnamuka sxcnpeccur TeHOB GNB2L1, IFNARI, IRF9, Jakivn STAT?2
B OITyXOJIEBBIX KIeTOUHBIX JMHISIX K562, HCT-116p (+/4), HCT-116p (—/—) u Me45
B TeueHue 1, 12 u 24 1 mocne obmydenus B noze 4 I'p

Fig. 4. Dynamics of GNB2LI, IFNARI, IRF9, Jakl, STAT2 gene expression
in the studied tumor cell lines (K562, HCT-116p (+/+), HCT-116p (—/—) and Me45)
during 1, 12 and 24 hours after irradiation at a dose of 4 Gy

OtMmedeHo, 9To dKcmpeccus TeHoB STAT2,
Jakl v IFNARI B paguo4yBCTBUTEIFHBIX KIIe-
TOYHBIX JIUHUAX B PaMKaX MMPOBEACHHOTO DKCIIe-
puMeHTa Oblla HermocTosHHa. Takue KojeOaHus
YPOBHS 3KCIIPECCHH MOTYT OBITh CBS3aHBI C BIIH-
STHUEM CBepXdKcrpeccuu reHa IFNAR?2.

IIponyxt rena PALLD B3auMopeicTByeT ¢
oenkamu renoB TGFBI (Transforming Growth
Factor Beta 1), AKT1 (AKT Serine/Threonine Ki-
nase 1), EPS8 (Epidermal Growth Factor Recep-
tor Pathway Substrate 8), LPP (Lipoma-Preferred
Partner), ACTNI (Actinin alpha 1), ACTN2 (Ac-

tinin alpha 2), EZR (Ezrin), SRC (SRC Proto-On-
cogene, Non-Receptor Tyrosine Kinase). [an-
HBIC O TMHAMUKE YPOBHS DKCIPECCUM T€HOB, HA
KOTOPBIX OKa3bIBaeT BnusHuE red PALLD, npen-
CTaBJICHHI B Ta0I. 3.

Beposito, BimsHue rena PALLD cmoco6-
CTBOBAJIO pOCTy dKcmpeccuu renoB LPP u ACTN?2
(puc. 5) B paoOpe3UCTCHTHOMN KIICTOYHOW JIMHUH.
3HadYeHUs YPOBHSI SKCIIPECCUH B KJICTOUHOU JIMHUU
K562 mocne oOkOHYaHHMSI SKCIEPUMEHTa OBLIN
BBIILIE, YEM B PaJIMOYYBCTBUTCIBHBIX KICTOUHBIX
muamsix HCT-116p (—/-), HCT-116p (+/+) u Me45.

T T T
HCT-116p (+4) HCT-116p ()  MedS
PaKoBble KneTouHbie uHuM Cancer cell lines
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Tabnuya 3
Table 3
YpoBeHb 3KcIIpeccuy reHoB, (YHKIMOHAJIBLHO CBA3AHHBIX ¢ TeHoM PALLD,
yepe3 1, 12 u 24 4 mocJe odayudenusi B 103e 4 I'p B onyXoJieBbIX KJIETOYHBIX JJHHUAX
K562, HCT-116p (+/+), HCT-116p (—/-) u Me45
The expression level of genes functionally related to the PALLD gene
1, 12 and 24 hours after irradiation at a dose of 4 Gy in the studied tumor cell lines
(K562, HCT-116p (+/+), HCT-116p (—/-) and Me45)
PazmopecheHTHaﬂ
PaunoqucTBnTeanue KJIE€TOYHbIC ITMHUH
KJIE€TOYHasA JINHUA . ope .
. . . Radiosensitive cell lines
Radioresistant cell line
Ha3Banune
reHa K562 HCT-116p (+/+) HCT-116p (-/-) Me45
Gene
14 124y 244 14 124y 24y 1y 12 9 24 4 14 124y 24y
1 12 24 1 12 24 1 12 24 1 12 24
hour hours | hours | hour | hours | hours | hour | hours | hours | hour | hours | hours
ACTN2 -0,072 | 0,025 | 0,129 | 0,025 | -0,132|-0,071 | -0,065 |-0,122 | -0,082 | -0,030 | -0,003 | -0,003
LPP -0,029 | 0,019 | 0,036 | -0,041| 0,011 |-0,048|-0,123|-0,018 | -0,062 | -0,105 | -0,061 | -0,040

Ipumeyanue. J[anHbIe B TAOIUIIE TPEICTABICHBI KaK OTHOIICHHE YPOBHS AKCIIPECCHU T€HA K YPOBHIO IKC-
MIPECCHH TeHa B KOHTPOJIE.

Note. The data are presented as the ratio of the gene expression level to the gene expression level in the
control. Similar cell lines that exposed to IR were used as controls.
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Puc. 5. Jlunamuka sxcnpeccun reHoB ACTN2 u LPP B 0IyX0JIeBbIX KJIETOYHBIX JIMHUSIX
K562, HCT-116p (+/+), HCT-116p (—/-) u Me45
B TeueHue 1, 12 u 24 4 c momeHTa o0yueHus B 1o3e 4 I'p

Fig. 5. Dynamics of ACTN2 and LPP gene expression in the studied tumor cell lines
(K562, HCT-116p (+/+), HCT-116p (—/—) and Me45)
during 1, 12 and 24 hours after irradiation at a dose of 4 Gy
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[Ipu ananuze B3aumoseicTeus reHa STK 174
OBUIO YCTaHOBJICHO, YTO JAHHBIA I'€H HE OKa3bl-
BaeT MPsIMOr0 BO3/EUCTBUS Ha JIpyrue reHsl. 13
3TOTO ClIeyeT, UTo TeH STK 74 npakThuyecku He
u3yueH, nostomy 6aza manHeix STRING He co-
JIepkuT MHGOpMANKMU O ero (YHKIHOHAIBLHON
B3aMMOCBSI3HU C IPYTUMH T€HAMHU.

O6cyxaenue. Ha ocHOBE TIOTy9IeHHBIX TaH-
HBIX MOHO TIPEATIONOXKHUTE, 9TO TeHBI [FNAR?2,
DAAMI, STKI174A u PALLD cnoco0HBI OKa3bl-
BaTh BJIMSHWE Ha WHTEHCUBHOCTH PaOOTHI HEKO-
TOPBIX KOMITOHEHTOB OeiakoBo# cetn. K mpu-
Mepy, Ha Hall B3IJIAJ, THTEHCUBHOCTh JTUHAMUKHI
skcnpeccnn reHa TNK2 (puc. 3) MoxeT ObITh pe-
3yJbTAaTOM €0 B3aUMOICHUCTBUS C T€HOM-MHIIIE-
Hpl0 DAAM . Tloka3aHo, 9yTO (yHKIMOHAIBHAS
aKTUBHOCTbH reHa 7NK2 B KJI€TKax 3710Ka4eCTBEH-
HOW Omyxoiu (OpPMHUPYET €€ yCTONYHNBOCTHh K
Boznericteuio MW, Kpome Toro, AaHHbIi reH Mpu-
HUMAeT yJacTue B perysun rena A TM (Ataxia
Telangiectasia Mutated) [9]. Ero runepakcmpec-
CHsI UTPAET OCHOBHYIO POJIb B IPOLIECCE CTAHOB-
JICHUSI PaZlOPE3UCTEHTHOCTH OITyXOJICBBIX KIe-
TOK M OCJIOKHSET Tiporiecc paguorepanuu [10].

Taxoke Mbl cUMTaeM, 4TO POCT YPOBHS IKC-
npeccun reHa [FNAR2, KOTOpBIi OBLIT CITPOBOIIH-
poBaH Bo3aevictBuem WU, sBisiercss npU4nHON

rurnepakcrpeccun rena GNB2L1 (puc. 4) B paguo-
ycroiunBol kiertounoit muHum K562. lokasano,
YTO JAHHBIA T€H UTPaeT KJIIOYEBYIO pOJIb B ajire-
3WU ¥ MUTPAIMX KJIETOK 37I0Ka4E€CTBEHHBIX OITyXO-
neit [11]. Kpome toro, ren GNB2LI xoHTpou-
pyet crabunsHocTh HIF-1 (Hypoxia-induciblefac-
tor 1) [12]. Omubka B JaHHOM ITpoLIeCCce TPHUBOIUT
K BBICOKOMY ypoBHIO 3kcnpeccun HIF-1, uto siBiis-
€TCsl CIIEACTBUEM IJIOXOT'O OTBETa ONpeeTIeHHBIX
37I0Ka4eCTBEHHBIX HOBOOOPA30BAHMI Ha palualy-
onnyto tepanmto [13]. ITokazano, uro ecmu HIF-1
HE aKTUBEH B KJIETKaX OITyXOJIH, TO UX YPOBEHb pa-
JIMOPE3UCTEHTHOCTH CHIKaercs: [14-16]. bonee
TOr0, B PagMOYyBCTBUTEIBHBIX KIICTOUHBIX JIH-
HUSIX aKTUBHOCTh reHa [FNAR? He NMpUBOIUT K
cnaay skcnpeccud reHa GNB2L1, B Me45 ona
pacrert, a B HCT-116p (—/—) u HCT-116p (+/+) y
HEe OTCYTCTBYET YeTKas AUHAMHKA.
3akawuenue. Takum 00pa3oM, 0OTOOpaHHBIC
TeHbI-MHUILEHH M KOMIUIEKCHI OEIKOB, KOTUpYe-
MBIX Ha”HHBIMU reHamu: DAAMI, TNK2, PTBP2
u DVL2; IFNAR2, STAT2, IRF9, JAKI, GNB2L1
u IFNARI; PALLD, LPP n ACTN2 — MOHO HC-
[I0JIb30BaTh B POJIM MOTEHUUAIBHBIX MUILIEHEH,
MOJYJISILIUSA KOTOPBIX MO3BOJIUT YBEJIUYNUTH OTBET
KJIETOK 3JI0KauYeCTBEHHBIX HOBOOOPa30BaHMH Ha
BO3/IeICTBHE MOHNU3HUPYIOLIETO M3ITYUECHHUS.

Paboma evinoanena npu nodoepacke Munucmepcmea obpazosanus u nayku P® ¢ pamkax eocydapcmeen-

Ho20 3a0anus Ne 0830-2020-0008.

KongukT nHTEpecoB. ABTOPHI 3asBIISIIOT 00 OTCYTCTBHM KOH(IMKTa HHTEPECOB.
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IMPACT OF THE GENE EXPRESSION LEVEL AND INTERMOLECULAR
INTERACTION NETWORKS ON RADIORESISTANCE OF TUMOR CELLS

E.S. Pogodina, E.V. Rastorgueva, E.V. Yurova, E.A. Beloborodov, D.E. Sugak,
Yu.V. Saenko, A.N. Fomin, M.A. Volkov, B.M. Kostishko

Ulyanovsk State University, Ulyanovsk, Russia

Despite its efficacy, radiation therapy faces the challenges connected with accelerated reproduction of tumor
cells and radioresistance of malignant neoplasms.

The aim of the study was to analyze the impact of the gene expression level and intermolecular interaction
networks on the development of tumor cell radioresistance.

Materials and Methods. The authors used 4 tumor cell lines: (K562, HCT-116p53 (+/+), HCT-116p53 (-/-),
and Me45. To study the cell line transcriptome. Affymetrix high-density hybridization DNA chips
(HGU133A series) were used. Bioinformatic analysis of gene expression dynamics was performed using
the original Gene Selector program. Intermolecular interaction networks were studied using the STRING
online system.

Results. After exposure to ionizing radiation at a dose of 4 Gy, the expression level of DAAM1, IFNAR2,
PALLD, and STK17A genes increases in K562 cell line and decreases in HCT-116p53 (+/+), HCT-116p53
(=/-) and Me45. Numerous protein complexes of the studied genes were found with STRING online system.
Thus, DAAM1, IFNAR2, PALLD, and STK17A genes influence the activity of some particles in the net-
work of intermolecular interactions. Selected DAAM1I, IFNAR2, PALLD and STK17A genes and protein-
protein complexes encoded by DAAMI, TNK2, PTBP2 and DVL2; IFNAR2, STAT2, IRF9, JAK1,
GNB2L1 and IFNAR1; PALLD, LPP and ACTN2 genes can be used as potential targets. Their modulation
can increase the response of malignant neoplasm cells to ionizing radiation.

Key words: malignant tumor, gene expression, tumor cell radioresistance, ionizing radiation, protein-
protein interaction.

The work was supported by the Ministry of Education and Science of the Russian Federation, state assignment
No. 0830-2020-0008.

Conflict of interests. The authors declare no conflict of interest.

References

1.

Stewart B.W., Bray F., Forman D. Cancer prevention as part of precision medicine: 'plenty to be done'.
Carcinogenesis. 2016; 37 (1): 2-9.

Srinivas U.S., Tan B.W.Q., Vellayappan B.A., Jeyasekharan A.D. ROS and the DNA damage response
in cancer. Redox Biol. 2019; 25.

Arnold C.R., Mangesius J., Skvortsova I.I., Ganswindt U. The Role of Cancer Stem Cells in Radiation
Resistance. Front Oncol. 2020; 10: 164.

Galeaz C., Totis C., Bisio A. Radiation Resistance: A Matter of Transcription Factors. Front Oncol. 2021; 11.
Tang L., Wei F., Wu Y. Role of metabolism in cancer cell radioresistance and radiosensitization methods.
J. Exp. Clin. Cancer Res. 2018; 37 (1): 87.

Schwab M., Thunborg K., Azimzadeh O. Targeting Cancer Metabolism Breaks Radioresistance by Im-
pairing the Stress Response. Cancers (Basel). 2021; 13 (15): 3762.



154 Y pAHOBCKMI MeaMKO-0moormaecknii >KypHas. No 3, 2022

7. Zhang M.X., Wang L., Zeng L., Tu Z.W. LCN2 Is a Potential Biomarker for Radioresistance and Recur-
rence in Nasopharyngeal Carcinoma. Front Oncol. 2021; 2: 10.

8. Lewis J.E., Forshaw T.E., Boothman D.A., Furdui C.M., Kemp M.L. Personalized Genome-Scale Meta-
bolic Models Identify Targets of Redox Metabolism in Radiation-Resistant Tumors. Cell Syst. 2021;
12 (1): 68-81.

9. Liu X., Wang X., Li L., Han B. Research Progress of the Functional Role of ACK1 in Breast Cancer.
Biomed Res Int. 2019; 1-6.

10. Foy J.P., Bazire L., Ortiz-Cuaran S. A 13-gene expression-based radioresistance score highlights the het-
erogeneity in the response to radiation therapy across HPV-negative HNSCC molecular subtypes. BMC
Med. 2017; 15 (1): 165.

11. Zhou C., Chen T., Xie Z., Qin Y., Ou Y., Zhang J., Li S., Chen R., Zhong N. RACK1 forms a complex
with FGFR1 and PKM2, and stimulates the growth and migration of squamous lung cancer cells. Mo/
Carcinog. 2017; 56 (11): 2391-2399.

12. Wang J., Chen X., Hu H. PCAT-1 facilitates breast cancer progression via binding to RACK1 and en-
hancing oxygen-independent stability of HIF-1a. Mol. Ther Nucleic Acids. 2021; 24: 310-324.

13. ByunJ.Y., Huang K., Lee J.S., Huang W., Hu L. Targeting HIF-10/NOTCH]1 pathway eliminates CD44+
cancer stem-like cell phenotypes, malignancy, and resistance to therapy in head and neck squamous cell
carcinoma. Oncogene. 2022; 41 (9): 1352—1363.

14. Moreno R.E., Groot A.J., Yaromina A. HIF-1a and HIF-2a Differently Regulate the Radiation Sensitivity
of NSCLC Cells. Cells. 2019; 8 (1): 45.

15. Wang G., Xiao L., Wang F., Yang J., Yang L., Zhao Y., Jin W. Hypoxia inducible factor-10/B-cell lym-
phoma 2 signaling impacts radiosensitivity of H1299 non-small cell lung cancer cells in a normoxic en-
vironment. Radiat Environ Biophys. 2019; 58 (3): 439-448.

16. Zhang J., Zhang Y., Mo F., Patel G., Butterworth K., Shao C., Prise K.M. The Roles of HIF-1a in Radi-
osensitivity and Radiation-Induced Bystander Effects Under Hypoxia. Frontiers in Cell and Develop-
mental Biology. 2021; 9.

Received 25 May 2022, accepted 15 June 2022.

Information about the authors

Pogodina Evgeniya Sergeevna, Candidate of Sciences (Biology), Researcher, S.P. Kapitsa Technology Re-
search Institute, Ulyanovsk State University. 432017, Russia, Ulyanovsk, L. Tolstoy St., 42; e-mail:
janegl411@yandex.ru, ORCID ID: https://orcid.org/0000-0001-8183-5103.

Rastorgueva Evgeniya Vladimirovna, Senior Lecturer, Chair of General and Clinical Pharmacology with a
Course in Microbiology, Junior Researcher, S.P. Kapitsa Technology Research Institute, Ulyanovsk State
University. 432017, Russia, Ulyanovsk, L. Tolstoy St., 42; e-mail: rastorgueva.e.v@yandex.ru, ORCID ID:
https://orcid.org/0000-0003-1518-4677.

Yurova Elena Valer'evna, Post-graduate Student, Junior Researcher, S.P. Kapitsa Technology Research
Institute, Ulyanovsk State University. 432017, Russia, Ulyanovsk, L. Tolstoy St., 42; e-mail:
urovaev523@gmail.com, ORCID ID: http://orcid.org/0000-0001-7484-2671.

Beloborodov Evgeniy Alekseevich, Post-graduate Student, Junior Researcher, S.P. Kapitsa Technology Re-
search Institute, Ulyanovsk State University. 432017, Russia, Ulyanovsk, L. Tolstoy St., 42; e-mail: belobo-
rodov.evgeniy.a@gmail.com, ORCID ID: https://orcid.org/0000-0002-5666-5154.

Sugak Dmitriy Evgen'evich, Research Engineer, S.P. Kapitsa Technology Research Institute, Ulyanovsk
State University. 432017, Russia, Ulyanovsk, L. Tolstoy St., 42; e-mail: dmitriysugak@mail.ru, ORCID ID:
https://orcid.org/0000-0002-3276-8976.

Saenko Yuriy Vladimirovich, Doctor of Sciences (Biology), Professor, Leading Researcher, S.P. Kapitsa
Technology Research Institute, Ulyanovsk State University. 432017, Russia, Ulyanovsk, L. Tolstoy St., 42;
e-mail: saenkoyv@yandex.ru, ORCID ID: https://orcid.org/0000-0002-4402-1482.

Fomin Aleksandr Nikolaevich, Candidate of Sciences (Technical Sciences), Director, Senior Researcher,
S.P. Kapitsa Technology Research Institute, Ulyanovsk State University. 432017, Russia, Ulyanovsk, L. Tol-
stoy St., 42; e-mail: mr.fominan@yandex.ru, ORCID ID: https://orcid.org/0000-0003-0826-1857.



Y pAHOBCKMI MeaMKO-0moormaecknii >KypHas. No 3, 2022 155

Volkov Maksim Anatol'evich, Candidate of Sciences (Physics and Mathematics), Associate Professor, Dean
of the Department of Mathematics, Information and Aviation Technologies, Ulyanovsk State University.
432017, Russia, Ulyanovsk, L. Tolstoy St., 42; e-mail: volkovmax1977@gmail.com, ORCID ID: https://or-
cid.org/0000-0001-8143-8917.

Kostishko Boris Mikhaylovich, Doctor of Sciences (Physics and Mathematics), Professor, Rector, Ulya-
novsk State University. 4321017, Russia, Ulyanovsk, L. Tolstoy St., 42; e-mail: contact@ulsu.ru, ORCID ID:
https://orcid.org/0000-0002-1112-0740.

For citation

Pogodina E.S., Rastorgueva E.V., Yurova E.V., Beloborodov E.A., Sugak D.E., Saenko Yu.V., Fomin A.N.,
Volkov M.A., Kostishko B.M. Analiz vliyaniya urovnya ekspressii genov i setey mezhmolekulyarnykh vzai-
modeystviy na razvitie radiorezistentnosti opukholevykh kletok [Impact of the gene expression level and
intermolecular interaction networks on radioresistance of tumor cells]. Ul'vanovskiy mediko-biologicheskiy
zhurnal. 2022; 3: 142-155. DOI: 10.34014/2227-1848-2022-3-142-155 (in Russian).



