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Momusayua u yenv: Ha ceromHsAIIHUNA NIeHb W3BECTHO, YTO (PEpMEHT pernapaiuu
tuposmi-JIHK-bochoauscrepaszer 1 (Tdpl) urpaer KiIroueByr0 poib B YAalICHHU
nospexaenuit JJHK, oOpasyrommxcs mpu uHruOuposanuu tonousomepassl 1 (Topl)
KIMHAYECKH HCIOJNb3YeMbIMH IPOTHBOOITYXOJIEBBIMH IIpenapaTtaMu (MpUHOTEKaH,
TOTIOTEKaH), a TAK)KE y4acTBYyeT B penapanuu nospexaenuit JIHK, BeI3BaHHBIX ApyruMu
NPOTUBOOIYXOJIeBbIMU Tpenaparamu [1, 2]. Tawke UMEIOTCS IaHHBIE O B3aHMO-
nevictBun Tdpl ¢ apyrum ¢epMEHTOM CHCTEMBI pernapainni, a iMeHHO monu- (AlD-
puboza)-monmumepazoit 1 (PARP1). PAR-umupoBanue  (MOCTTPaHCISIIMOHHAS
moaupukanus OenkoB, karamusupyemas PARPL) perynupyer ¢epMeHTaTHBHYO
akTUBHOCTH 1dpl, crabumu3upyer GpepMeHT U CTUMYJIUPYET pekpyTupoBanue Tdpl B
mecra noBpexaennii JIHK, Be3Banubie kommiekcamu Toplec [3, 4]. OcHOBBIBasiCh Ha
ATUX JIaHHBIX, MBI CYUTAEM, YTO HEOOXOIMMO U3y4aTh AeicTBUe nHrHOuTopoB Tdpl Ha
kietkn ¢ ydetom ponu PARPL. Jis nonydenus HOBOW wuH(pOpMmammu o padbore
nHrn6uropoB Tdpl MBI UCTIONB30BaNN KIIETOYHBIE JIMHUH, HOKAyTHBIE IO reHaM Tdpl
(Tdpl-/-) wmn PARP1 (PARP1-/-) [5, 6]. st u3ydenuss HaMud ObUTH BBIOpAHBI JBA
COCJIMHEHUS Pa3InYHON TMPHUPOJBI M3 paHee HaMIIEHHBIX, OKa3aBIIMX BBIPAKEHHOE
CCHCHOMIIM3HPYIOLIEE IHCTBIE HA OIMyXOJIeBbIC KIIETKHU Kak iN Vitro, Tak u in vivo. OxHo
13 COeIMHEHNH ABIISIeTCSl OMIEpUBATU3UPOBAHHBIM ITPOM3BOJHBIM YCHUHOBOW KUCIIOTHI
(mabopatopubiii mudp AF-185, cunresupoBano B HUOX CO PAH) [7], apyroe
(mabopatopusiii mudp 577, cuaresupoBano B UMb PAH) [8] — nunodunbHeIM
MIPOM3BOJHBIM ITyPHHOBOI'O HYKJIEO3HUA.

Memoovl u arcopummer. Bnussaue uaruoutopos Tdpl Ha BEDKMBaEMOCTh KJIETOK U Ha
IUTOTOKCUYECKU 3P PeKT TormoTekana ObUIO U3y4eHo ¢ nomolsio MTT-Tecta mytem
KOJIOPUMETPUUYECKOTO M3MEPEHUs KoiIn4yecTBa GpopMaszaHa, KOHBEPTUPOBAHHOTO U3 3-
(4,5-nmumernnTrazon-2-mn)-2,5-mudenmn-2H-rerpasonus 6pomuaa (MTT) kieTkamu,
MTOABEPTIITUMHUCS BO3JICHCTBUIO COSTMHECHIN (KOTUIECTBO BEDKUBIIHX KIIETOK). KiteTku
KyibTuBUpoBan B cpene DMEM/F12, conepxameit 10 % FBS u 1% pactBop
aHTHOMOTHKOB M aHTUMHKOTHKOB (100 en./mn nenmnmuimHa, 0.1 MKr/mi crpento-
muiuHa, 0.25 mir/mi amdorepuimnaa), B atmochepe 5 % CO2 mpu 37 °C. Kierku
nepecernBaIy pa3 B 3—4 AHS U MTOAAEPKAHMS SKCIIOHEHIIMAIBHOTO POCTa.
Pesynomamur. Bpuia nzyueHa coOCTBEHHAs LUTOTOKCHYHOCTH/aHTUIPOIH(epaTuBHAs
AKTHBHOCTh HMHrHOMTOpPOB TPl Ha KOHTpOsbHOW KierouHoit smHuu HEK293A
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(monyuena u3 IMOpPHOHANBHBIX MOYEK yenoBeka) aukoro tuma (WT), Tpex KioHax
Tdpl-/- u xoue PARP1-/- ¢ ucrons3zoBannem MTT-tecta. [TokasaHno, 4T0 coeMHEHHE
AF-185 manorokcrano kak ais kiretok HEK293A WT, tak u 1uig HOkayTHBIX IO TeHaM
oenkoB penapanun JJHK PARP1 u Tdpl (e menee 80 % >xuBbIX KJIETOK). Jpyroit
unruourop Tdpl, coenunenne 577, okaszpiBaeT 0osiee HUTOTOKCHYHOC/QaHTUIIPOIU(E-
paTUBHOE ACHCTBHE Ha KJIETKH, IpuMepHO comoctaBumoe aist HEK293A WT u Bcex
HOKAyTHBIX KJIIOHOB, YTO TOBOPUT 00 OTCYTCTBHM CBSI3U TOKcHYecKoro sddekra C
HaJIMYMeM Wi oTcyTcTBHeM TdP1 B KJIETKaX U O BEPOSTHBIX MTOOOYHBIX MHIIICHSIX 3TOTO
coenuHeHus. Takke HM3ydyeHO BJIMSHHE HMHTHOMTOpOB TPl Ha IHUTOTOKCHYESCKHI
a¢dekT TomorekaHa Ha KOHTPONbHBIX KimeTkax HEK293A WT wu xnerkax Tdpl-/- u
PARP1-/-. HecMOTpsi Ha BBICOKYIO MHIHMOMPYIOIIYIO aKTHBHOCTb BBIOPAHHBIX MPOU3-
BOJHBIX B oTHowmieHuHn TdPl B skcmepuMeHTax in Vitro, Ha KJIETKax HEOIyXOJIEBOI'O
MPOUCXOXKICHNUS 3TH COCAWHEHUS HE IPOAEMOHCTPUPOBAIM YCHICHHS IUTOTOKCH-
geckoro 3¢ dekTa TomoTekaHa.

B cBsi3u ¢ oTcyTcTBHEM CeHCcHOMIM3MpYomero 3ddexra Ha KIeTKaX HEpaKOBOTO THIIA,
MBI H3Y4YWJIU BJIIUAHUC BI)I6paHHI)IX COCHHHCHHﬁ Ha BBDKUBAEMOCTb KOHTpOJIbHOP'I
KJIETOYHOW JIMHUM aJICHOKAPIIMHOMBI ajbBEOJSIPHBIX Oa3abHBIX JIUTEIHAIBHBIX
KJIeTok yenoBeka A549 u kietok AS549 ¢ HokayToM 1o reHy Tdpl (KJieToYHbIe KIOHBI
BS5, B6, B10) B MmoHOpexuMe 1 B KoMOuHaIuu ¢ TororekaHoM. CoennHenne AF-185
0Ka3aJI0Cch MaJOTOKCHYHBIM Kak mist A549 WT, tak u mis A549 Tdpl-/-. Coenune-
Hue 577 okazano Ooilee MUTOTOKCHYHOE/aHTHIIPOIU(PEPATUBHOE ACHCTBUE HA KIETKH,
npumepHo comoctaBumoe it A549 WT u A549 Tdpl-/-, kak u B ciydae KIETOK
HepakoBoro npoucxoxaeHuss HEK293A.
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Puc. 1. Jlo303aBUCHMOE BIHMSIHHE TONIOTEKaHa B KOMOMHAIINH C JTUITOQHUIBLHBIM IPONU3BOIHBIM
MyPUHOBOTO HyKJeo3uaa 577 B koHneHTparwu 10 MkM Ha BEDKHBAa€MOCTb KOHTPOJIBHOM
KieTouHoM uaun A549 WT u kionos Tdpl-/-
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[Janee Ob110 H3yueHO BIMSHUE TOMOTEKAaHA Ha BEDKUBAEMOCTh KOHTPOJIBHOM KIIETOYHOM
JIUHUU W BbDKUBaeMOCTh kioHOB A549 Tdpl-/-. Tloka3aHo, YTO HOKAYTHBIC MO TE€HY
Tdpl pakossie kierounsie tunuu (BS, B6, B10) 6osiee 4yBCTBUTENBHBI K TOMOTEKAHY,
M0 CpPaBHEHHWIO C KIIETKaMH JHKOTO THMA, KaK M B CIydae KJIETOK HEPaKOBOTO
npoucxoxnenuss HEK293A. Tarxke wu3yueHo BiusHHe uHruOutopo Tdpl Ha
IIATOTOKCHYECKUi 3(PdekT TomoTekaHa Ha KOHTPOIBHBIX KieTkax AS549 WT u Ha
kaeTkax Tdpl-/- (puc. 1, rpaduku IpuBeIeHBI TOJIBKO A coeaunenns 577). [Tokazano,
YTO YCUJICHUE JICHCTBHS TOMOTEKAHA B MPUCYTCTBUH UHTrHOMTOPOB Tdp1 Habmomanock
TOJIBKO 7151 KIETOYHOH UK JuKoro THma A549 WT 1 moHOCTBIO OTCYTCTBOBAJIO JUIS
MYTaHTHBIX KJIETOK.

Buigoovi: Ycunenue AEWCTBHS TOMOTEKaHAa B TPUCYTCTBUM HHruoOuropos Tdpl
HaOJIIOAT0Ch TOJNBKO IS KJIETOYHOH jJuHuHU Aukoro tuna A549 WT u moiaHOCTBIO
OTCYTCTBOBAJO JJSi MYTAHTHBIX KJIETOK. OTO MOXET TOBOPUTH O TOM, 4TO
CHHEPTeTHYECKOe JICMCTBHE TOINOTEKaHa COBMECTHO ¢ wmHrHOMTOpamMu Tdpl
00yCJI0BICHO HUMEHHO MoJaBlieHreM akTHBHOCTH Tdpl BEIOpaHHBIMU HHTHOUTOPAMHU.
Qunancuposanue: Vccnenopanue noauepsxano rpanrom PH® Ne 23-74-01078.
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Motivation and Aim: Today it is known that the repair enzyme tyrosyl-DNA
phosphodiesterase 1 (Tdpl) plays a key role in the removal of DNA damage formed
when topoisomerase 1 (Topl) is inhibited by clinically used anticancer drugs (irinotecan,
topotecan), and is also involved in the repair of DNA damage caused by other antitumor
drugs [1, 2]. There is also evidence of the interaction of Tdpl with another enzyme of
the repair system, namely poly(ADP-ribose) polymerase 1 (PARP1). PARylation (post-
translational modification of proteins catalyzed by PARP1) regulates the enzymatic
activity of Tdpl, stabilizes the enzyme and stimulates the recruitment of Tdp1 to sites of
DNA damage caused by Toplcc complexes [3, 4]. Based on these data, we believe that
it is necessary to study the effect of Tdp1 inhibitors on cells, taking into account the role
of PARPL1. To obtain new information about the work of Tdp1l inhibitors, we used cell
lines knockout for the Tdpl (Tdpl-/-) or PARP1 (PARP1-/-) genes [5, 6]. For study, we
selected two compounds of different nature from those previously found, which had a
pronounced sensitizing effect on tumor cells both in vitro and in vivo. One of the
compounds is a biderivatized derivative of usnic acid (laboratory code AF-185,
synthesized at the Institute of Organic Chemistry of the Siberian Branch of the Russian
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Academy of Sciences) [7], the other compound (laboratory code 577, synthesized at the
Institute of Biochemistry of the Russian Academy of Sciences) [8] is a lipophilic
derivative of purine nucleoside.

Methods and Algorithms: The effect of Tdpl inhibitors on cell survival and on the
cytotoxic effect of topotecan was studied using the MTT test by colorimetric
measurement of the amount of formazan converted from 3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyl-2H-tetrazolium bromide (MTT) cells exposed to compounds (number of
surviving cells). Cells were cultured in DMEM/F12 medium containing 10 % FBS and
1% solution of antibiotics and antimycotics (100 units/ml penicillin, 0.1 pg/ml
streptomycin, 0.25 pg/ml amphotericin), in an atmosphere of 5 % CO; at 37 °C. Cells
were subcultured every 3—4 days to maintain exponential growth.

Results: The intrinsic cytotoxicity/antiproliferative activity of Tdpl inhibitors was
studied in the wild-type (WT) control cell line HEK293A (derived from human
embryonic kidney), three Tdpl-/- clones, and a PARP1-/- clone using the MTT assay. It
has been shown that the AF-185 compound has low toxicity both for HEK293A WT
cells and for DNA repair protein genes knockout PARP1 and Tdpl (at least 80 % of
living cells). Another Tdpl inhibitor, compound 577, has a more
cytotoxic/antiproliferative effect on cells, approximately comparable for HEK293A WT
and all knockout clones, which indicates that the toxic effect is not related to the presence
or absence of Tdpl in cells and the likely side targets of this compound.

110
120 - —u— Tpc+DMSO
100 e
 TporDMSO o Tpc+577 10 uM
100 e Tpc+577 10 uM 90
8 %7 L
S enl B
IR 5 o N
> 60 1] > T
E BN g 50 §'*:f:—l:,:,;;; — %
L .
o % ; g 404
5 40 BN TE— 0
< h < 30
® - 20
204 ]
L] 104
0 T T T T T T 0 T T T T T
0 1000 2000 3000 4000 5000 0 500 1000 1500 2000
Tpc, nM Tpc, nM
—=— Tpc+DMSO 1107
100 —e— Tpc+577 10 uM 100 § —=— Tpc+DMSO
%] —e— Tpc+577 10 uM
© 80 < 80
2 2 704 i
=} a3 \
© 60 S 60 L\
S ﬁ s éi e
© ~ o
Q 40 \\ o 404 "
) N ] 3
< — @ £ 304
204 20
104
0 T T T T T 0 T T T T T
0 500 1000 1500 2000 0 500 1000 1500 2000
Tpc, nM Tpc, nM

Fig. 1. Dose-dependent effect of topotecan in combination with the lipophilic derivative of
purine nucleoside 577 at a concentration of 10 uM on the survival of the control cell line A549
WT and Tdpl-/- clones
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The effect of Tdpl inhibitors on the cytotoxic effect of topotecan was also studied in
control HEK293A WT cells and Tdp1-/- and PARP1-/- cells. Despite the high inhibitory
activity of the selected derivatives against Tdp1 in in vitro experiments, in cells of non-
tumor origin these compounds did not demonstrate an increase in the cytotoxic effect of
topotecan. Due to the lack of a sensitizing effect on non-cancerous cells, we studied the
effect of the selected compounds on the survival of the control cell line adenocarcinoma
of human alveolar basal epithelial cells A549 and A549 cells with a knockout of the
Tdpl gene (cell clones B5, B6, B10) in mono mode and in combination with topotecan.
Compound AF-185 was found to have low toxicity for both A549 WT and A549 Tdpl-
/-. Compound 577 had a more cytotoxic/antiproliferative effect on cells, approximately
comparable for A549 WT and A549 Tdp1-/-, as in the case of non-cancerous HEK293A
cells.

Next, the effect of topotecan on the survival of the control cell line and the survival of
A549 Tdpl-/- clones was studied. It has been shown that cancer cell lines knockout for
the Tdpl gene (B5, B6, B10) are more sensitive to topotecan compared to wild-type
cells, as is the case with non-cancerous HEK293A cells. The effect of Tdp1 inhibitors
on the cytotoxic effect of topotecan was also studied on control A549 WT cells, as well
as on Tdp1-/- cells (Fig. 1, graphs are shown only for compound 577). It was shown that
the enhanced effect of topotecan in the presence of Tdpl inhibitors was observed only
for the wild type A549 WT cell line and was completely absent for mutant cells.
Conclusion: An increase in the effect of topotecan in the presence of Tdpl inhibitors was
observed only for the wild-type cell line A549 WT and was completely absent for mutant
cells, this may indicate that the synergistic effect of topotecan together with Tdpl
inhibitors is due precisely to the suppression of Tdpl activity by the selected inhibitors.
Funding: The study is supported by the Russian Scientific Foundation grant No. 23-74-
01078.
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