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Momusayua u yens. I'mmobmacroma (I'BM) mpencraBmser coboit Hanbonee 4acTo
BCTPEYAIOLIYIOCSI U OO0JIaJAOUIYI0 BBICOKOH CTENEHBIO 3JI0KaYECTBEHHOCTBIO Cpeau
MIEPBUYHBIX OIyXOJE€H MO3ra y B3pOCIBIX, alPECCUBHOCTb KOTOPOW B 3HAYUTEIBHOU
CTETEHU OMNpeessieTCs €€ CIOCOOHOCThI0 K WHBAa3WMM — aKTHUBHOM HMHQWIBTpALUH
OTJIENBHBIX 3JI0KAYECTBEHHBIX KJIETOK MM UX IPYMI B OKPY>KAIOLIYI0 TKaHb TOJOBHOT'O
Mo3ra. COBpeMEHHBIN CTaHIAPT JICYCHHUS IS MAIEHTOB C IIIH00IacTOMOM BKIIOYAET
MO0 BO3MOXKHOCTH HamOojee paJuKalbHYI0 XUPYPIHYECKYIO PE3CKIHI0 OIMyXOJId C
MOCNIEAYIOIEH JIydeBOW Tepanueil U aJblOBAHTHON XUMHOTEPANNEN TEMO30JI0MHUIOM,
OHAKO JTOT PEXUM HE O0eclevynBaeT [UINTENIbHON BBDKMBAEMOCTH MAlMEHTOB
(Menuana koTopoil coctaBinser 12—-15 Mec ¢ MOMEHTa IOCTAaHOBKHM JMarHos3a, a
MATHIIETHSS BBDKMBaeMOCTh nanueHToB ¢ ['BM ne npessimaer 5 %). Kak crenyer u3
CpPaBHEHHS 3HAYEHWM MeEIWaHbl BBDKMBAEMOCTH MAIMEHTOB, B PEKUM KOTOPBIX
BKJIIOYANIaCh XUMHUOTEpAIHs, [0 CPAaBHEHHIO C 3THUM JK€ IoKa3aTeseM MallueHTOB, e He
nonyunBmmx (14,6 u 12,2 Mec cOOTBETCTBEHHO), d(Q(PEKTUBHOCTh XUMHOTEPAIHU K
rMo0JIaCTOME Ha CETOJHSIIHUN IeHb ABJISIETCS] HEBBICOKOM. B TO jxe BpeMsi H3BECTHO,
4yro OoJiee YeM y MOJIOBHHBI MPOOTIEpUpOBaHHBIX mNanueHToB ¢ 'BM, nocrarouHo
OBICTPO BO3HHMKAET PEIUINB OMYXOJH HEMOCPEJACTBEHHO Ha MECTE PAaCIOJIOKEHUS
MOCJICOTIEPAIMOHHON TIOJIOCTH WM B €€ KpaeBoil 30He (He 0ojiee 2 cM OT IIOJIOCTH), a
npumepHo y 20 % mDanMeHTOB pa3BUBAIOTCS yNAJEHHBIE JMOO MHOXKECTBEHHBIC
peunauBbl onyxonu. PeumauBel ['BM, sBistomuvecs KIHOYEBOM NPUYMHOM HU3KOH
BBDKMBAEMOCTH TPOONEPHPOBAHHBIX MAIMEHTOB, CBA3BIBAIOT 3TO C IPOLECCaMU
WHBa3WW, B MEPBOM cilydae — oOpaTHOW WHBa3uM (pewHBazmm) Kietok ['BM, yxe
MUTPHPOBABIIMX W3 TEPBHYHON OIyXOJH, OOpaTHO B 30HY HOCIEONEpPaluOHHON
MOJIOCTH, BO BTOPOM — WHBa3uel B yJaJleHHbIE OT IEPBUYHON OIyXOJIM yYACTKH MO3Ta.
MounekynspHbI€ U KJIIETOYHBIE MEXaHU3MbI MHBa3un [ BM ceifuac akTHBHO HCCIENYIOTCS
in Vitro u B XHMBOTHBIX MOJEJSIX, OJHAKO B KIMHUYECKOW IPAKTUKE IOAXOIbI K
xumuorepanuu ['bM, ocHOBaHHBIE HA MOJABIEHUN UHBA3UH KJIIETOK 3TOU OITyXOJIH, HA
CETOAHSIIHUI IEHb OTCYTCTBYIOT.

Lenv pabomwi. Tlouck u M3ydeHHWE HOBBIX MOTEHIHMAIBHBIX XHUMHUOTEPANEBTHYECKUX
MpermapaToB Ha OCHOBE MPOW3BOIHBIX TEPIEHOMAOB, 00IAAI0OMINX MPOTUMHBA3UBHOMN
aKTUBHOCTHIO B OTHOIIEHNUH KJIETOK TITHO0IaCTOMEI.
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Memoowvr u ancopummur: Knerounsle nunHuu. l[lepeBuBaeMble KIETOYHBIC JHUHUH
rnro0nactombl SNB-19 (temepp m3BectHa mon Haszeanuem U251-MG). Komnekms
IIPOM3BOJHBIX TEPHEHOMIOB W IPOYMX HPUPOAHBIX COENMHEHUH, Hccleayemas B
pa0ote, mpenocTaBieHa cOTpyAHHKaMu HoOBOCHMOMPCKOro MHCTHTYTa OpraHUYeCcKOH
xumvun M. H.H. Bopoxnosa CO PAH. Komnekuus cocroutr m3z 93 opHUrHHaIBHBIX
COCIMHEHNH, BKIIOYAIOMNX B ce0s HeCKonbKo cepuil. KS cepus — aurepneHOMIbI,
IIPOM3BOJHBIE CMOJISIHBIX KUCIIOT. [{u3aiiH skcriepuMenTa:

1. Onpenenenue TokcuyHocTu BemecTB G15 % B KOTOpBIX BeliecTBa OyayT U3ydaThCs
B TecTe UHapanuHbl. JKHU3HECTOCOOHOCTh KIETOK [UI ONpEAENeHUs Iuara3oHOB
TOKCHUYHOCTH. Brinmonneno meronukoir MTT cormacHo npoTokoy.

2. AHamu3 WHBa3MM METOAOM 3aKuBJIeHHs 1apanuubl/pansl  (wound healing
assay/scratch assay). /lannbie Obuth moy4deHs! uisi KieTok SNB-19 BeIparieHHbIX Ha
TIACTUKOBBIX 6 u 24-myHOouHBIX TutaHmierax (2 miaa u 300 000 xmeTok/ITyHKY) IO
noctkeHus 100 % miuoTHOCTH KOH(IYIHTHOCTH KJIETOYHOTO MOHOCIOS, IIOCIIE YETO
CTaHgapTHas napanuHa mUpuHOH 700 MKM OpHUEHTHPOBaHHAs BEPTHKAIBLHO
OTHOCHUTEINFHO JIyHKH HAHOCHUJIACh KOHYMKOM B KOH(IIYSHTHOM MOHOCJIOE.
Pesynomamei:  W3ydeHa  UUTOTOKCUYHOCTh  HCCIAEAYEMBIX  COCIMHEHUN  1JIs
ompeeNieH!s] MUTOTOKCUYECKOTO Jhana3oHa KOHICHTPAIMid Ul WCIONb30BaHUS B
TECTe 3apacTaHdsl IapanvHbl KJICTOYHOW IJIMHUM. Pe3ynbTaTbl SKCIECPUMEHTOB
3aJIOKyMEHTHUPOBAIH B 00padaThiBay (IIPOU3BOAMIN U3MEPEHHE IIUPHUHBI IAPATIIHBI)
C TIOMOIIIBIO CHCTEMBI aHaJIM3a n300pakeHuii kietok Paula (Leica). M3o6paxenust Obutn
MOJTy4eHbl B MOMEHTHI BpeMeHu 0 u 24 1 ¢ ucnons3oBanreM oobektra Neofuoar 0,3
(10x) m gmuHBI BOMHBI HCcTOYHUKA cBeTa 633 HM. [lpm aHanmmse Hammx pe3ynbTaToB
aHaIM3a 3@KUBJICHUS PaH Mbl PACCUHUTAIN CPEIHIOI LIMPUHY LApamnvHbl B KaXKIOH
nmyHke 4yepes 0, 1 24 4. 3aTeM MBI pacCUUTaIN CPEIHIOI0 CKOPOCTH 3aKPHITHS, pa3ieIuB
CPEIHIO0 IINPUHY apanuHbl HA BpeMs. 3aTeM Mbl HOPMAJIM30BaU MOJTyYeHHbIE YHCIIa
K CpeoHel CKOpPOCTH 3aKkphITHs Hamero KoHTpons mo (opmyne Vora KS =
(17,5:30,70) x 100 % = 57 %. CpaBHHBasi pe3yibTaThl, Mbl MPUILIA K BBIBOAY, YTO
MOTEHIIMANBHO AaKTHBHBIC aHTHMHBA3WBHBIE BellecTBa u3 93  WcclenoBaHHBIX
COCIMHEHHUM, KOTOpble MMeNu Oojiee HU3KHE LUTOTOKCHYECKHE KOHLEHTPALUH, HX
BIUsHUEe Ha wHBa3WIO KiIeTok SNB-19 I'BM anamm3upoBaiyi MeTOAOM 3aKPBITHS
napanut. Unentuduiuposano oauo (KS 481) coequHeHne ¢ BRICOKOH aHTUMHBAa3UBHOMN
AKTUBHOCTBIO.
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Puc. 1. CKOpoCTb 3aKpBITHSI IIAPATTHHBI IO CPABHEHHIO ¢ ACTAKCAHTUHOM U KOHTPOJIEM
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Husame  GIL% (M) GISO% (u
K408 5] 571
kS5 5] 1256
Ks2l4 51 179
KS426 51 224
Kss2 . 10753
K406 265
K514 14769
Ks521 . 8345
) , 12766
RS467 768
Kss07 11937
ks $.13
ksl 48
Ksésl 2315 76453
KS475 5143
K508 146.5%
KS520 4166 122,66
K49 19912 94353
RS450 157 5903
Ksis2 975 10459
ks 4064 04
K480 am 3143
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Hu3KOoTO KCHYHBIE COSAHMHEeHH

Ta6auna 1. Pesynstater MTT- Puc. 2. 300paxkeHust aHanu3a 3axuBiieHus pad Ha 0 n
TecTa IMTOTOKCHMYHOCTH 11 24 u ¢ BemectBoM a) KS 481, 6) acrakcantus, B) JIMCO
HU3KOTOKCHYHBIX BEIIECTB W3

93. OHn ObUTH BBHIOpAHBI IS

aHal3a 3aKUBJICHUS paH

Buisoowi: B xozne nccienoBanus ObUIO U3y4€HO HA HUTOTOKCUYHOCTD 93 MpOn3BOIHBIX
TEPIICHOUIOB Ha KJICTOUHBIX JIMHUSAX TiiHo0mactoMbl SNB19, 4To 1103B0JINIIO BBIACIUTh
rpynmy u3 11 coeauHeHHWH ¢ HH3KOW TOKCHYHOCTHIO B OTHOIIEHHWH KIIETOK
rimoOnacToMbl. Ha cienyromem stare, ¢ IOMOIIBIO TECTa 3apacTaHus HapanuHbl/PaHbl
(wound-healing/scratch test) 6pu1a mccaeoBaHa MOTEHIMAIBHAS TPOTHBOMHBA3HBHAS
AKTUBHOCTH OTOOpaHHBIX COEIMHEHNH B OTHOIIEHUH KJIETOK riuodnactomel. Hanbonee
akTuBHOE BerecTBo (KS481) mpoaeMoHCTpHpOBall 3HAUUTENBHBIH () (HEKT 1o 1aBIeHUS
WHBA3WH, CHIDKasi CKOPOCTh 3apacTaHus apanuH Ha 57 % B kinerounoi auaun SNB 19.
Juis yrmydiieHuss MTHIMOMPOBAaHUST BEIIECTBA IUIAHUPYETCS ONTHMHU3AINH CTPYKTYPY
MOJIEKYJIBl COBMECTHO C HHCTUTYTOM OPTraHHYECKON XHUMUU.

Qunancuposanue: UccnenoBanne noanepxxano FSUS Ne 2020-0035.
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Motivation and Aim: Glioblastoma (GBM) is the most common and highly malignant of
primary brain tumours in adults. Its aggressiveness is largely determined by its ability to
invade — the active infiltration of individual malignant cells or groups of cells into the
surrounding brain tissue. The modern standard of treatment for patients with
glioblastoma includes the most radical surgical resection of the tumor with subsequent
radiotherapy and adjuvant chemotherapy with temozolomide, but this regimen does not
ensure long-term survival of patients (median survival is 12—-15 months from the moment
of diagnosis, and 5-year survival rate of patients with GBM does not exceed 5 %). As
can be seen from the comparison of median survival of patients whose regimen included
chemotherapy compared to that of patients who did not receive it (14.6 and 12.2 months
respectively), the efficacy of chemotherapy for glioblastoma is currently low. At the
same time, it is known that more than half of operated patients with GBM, rather quickly
develop tumor recurrence directly at the site of the postoperative cavity or in its marginal
zone (not more than 2 cm from the cavity), and about 20 % of patients develop distant
or multiple tumor recurrences. Recurrences of GBM, which is a key cause of low
survival rate of operated patients, are attributed to the processes of invasion, in the first
case — back invasion (reinvasion) of GBM cells, which have already migrated from the
primary tumor, back into the area of the postoperative cavity, in the second case —
invasion into the areas of the brain distant from the primary tumor. Molecular and
cellular mechanisms of GBM invasion are now actively investigated in vitro and in
animal models, however, in clinical practice, approaches to GBM chemotherapy based
on suppression of invasion of cells of this tumor are currently absent.

Purpose of the work. Search and study of new potential chemotherapeutic agents based
on terpenoid derivatives with anti-invasive activity against glioblastoma cells.

Methods and Algorithms: Methods and algorithms: Cell lines. Transgenic glioblastoma
cell lines SNB-19 (now known as U251-MG). The collection of derivatives of terpenoids
and other natural compounds investigated in this work was provided by the staff of the
N.N.Vorozhtsov Institute of Organic Chemistry. N.N.Vorozhtsov Institute of Organic
Chemistry SB RAS. The collection consists of 93 original compounds including several
series. KS series — diterpenoids, derivatives of resin acids. Experiment design:
1. Determination of toxicity of substances G15 % in which substances will be studied in
scratch test. Cell viability to determine the ranges of toxicity. Performed by MTT
technique according to the protocol.
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2. Analysis of invasion by scratch/scratch assay (wound healing assay/scratch assay).
Data were obtained for SNB-19 cells grown on plastic 6 and 24-well plates (2.0 ml —
300,000 cells/well) until 100 % confluent cell monolayer density was achieved, after
which a standard 700 pm wide scratch oriented vertically relative to the well was applied
with a tip in the confluent monolayer.

Results: The cytotoxicity of the tested compounds was studied to determine the cytotoxic
concentration range for use in the cell line scratch overgrowth test. Experimental results
were documented and processed (scratch width measurement) using a Paula cell image
analysis system (Leica). Images were acquired at time points 0 and 24 hours using a
Neofuoar 0.3 (10x) objective and a light source wavelength of 633 nm. When analysing
our wound healing assay results, we calculated the mean scratch width in each well after
0, and 24 hours. We then calculated the average closure rate by dividing the average
scratch width by time. We then normalised the numbers obtained to the average closure
rate of our control using the formula by Votn KS = (17.5:30.70) x 100 %=57 %.
Comparing the results, we concluded that the potentially active anti-invasive substances
among the 93 compounds tested, which had lower cytotoxic concentrations, their effects
on invasion of SNB-19 GBM cells were analysed by scratch closure method. One (KS
481) compound with high anti-invasive activity was identified.

Wound closing dynamics
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Fig. 1. Scratch closure rate compared with astaxanthin and control
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Hosame  GIIS% (M) GISO% (M)
K408 51 57l
Kssa 5| 12556
Ksau4 51 19
Ks26 51 224
Ksig2 51 10753
Ks406 51 2165
Kss14 51 14769
Kss21 51 8345
Ksig2 51 12766
Ks467 51 768
Kss07 5| 11937
Kss2 %.13
ksl 985 54871
Ksis1 76433
Ksus 53183
Kss0s 14659
Ks520 122,66
K49 94353
K450 903
Ksis2 104593
ks 1064 048l
Ksig0 4%
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Hu2Ko0TO KCHYHBIE COSAHHEHHA

Table 1. Results of MTT Fig. 2. Images of wound healing analysis at 0 and 24 hours
cytotoxicity test of 11 low toxic ~ with substance a) KS 481, b) astaxanthin, c) DMSO
substances out of 93. They were

selected to analyze wound hea-

ling

Conclusions: In this study, 93 terpenoid derivatives were examined for cytotoxicity on
SNB19 glioblastoma cell lines, identifying a group of 11 compounds with low toxicity
against glioblastoma cells. In the next step, the potential anti-invasive activity of the
selected compounds against glioblastoma cells was investigated using the wound-
healing/scratch test. The most active compound (KS481) showed a significant invasion
suppression effect, reducing the rate of scratch overgrowth by 57% in the cell line SNB
19. To improve the inhibition of the compound it is planned to optimize the structure of
the molecule in collaboration with the Institute of Organic Chemistry.

Funding: The research was supported by FSUS No. 2020-0035.
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