Laboratory of harnessing synthetic lethality for selective targeting of human cancer cells
JlTabopaTopumsa No UCNONMbL30BaHUIO CUHTETUYECKOU NneTanbHOCTU ANA n3dbunpartenbHOro BO3AeuUCcTBUA Ha PaKoBble KIeTKU

-

Cancer is a group of diseases caused

by  uncontrolled division of abnormal cells.

PakK - aTo rpynna 3360HEBaHMﬁ, Bbi3BAaHHbIX HEKOHTPOJINPYEMbIM AieJIeHUueM aHOMaJIbHbIX KJ/IETOK.

Chemotherapy, one of the earliest cancer treatments, disrupts the cell cycle but harms both cancerous and healthy rapidly dividing

cells, causing lasting damage.

XVIMI/IOTepaIWIFl 6bina OAHUM U3 NepBbiIX METOA 0B JIeHEHUA PaKa, KOTOprI7I HapyLlan KJIETOYHbIW UMK, HO NP 3TOM NnoBpeXxXaaJjl Kak
paKoBbl€, TaK N 340POBbIE 6bICTpO agendumnecd KNeTku, U Bbi3dbiBasl AOJITOCPOYHbIE MNnocsiecTtBus.
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Figure 1. Synthetic lethality arises when the simultaneous
disruption of two genes leads to cell death, while distuption of
either alone is non/lethal

Targeted therapy and immunotherapy brought more precision,
attacking cancer cells and boosting immunity, but faced challenges like
resistance and immune-related side effects.

TapreTHas Tepanus ¥ UMMYHOTepanua obecnedynnun 6onee
TOYHOE BO3AeNCTBUE, HO UX 3(PPEKTUBHOCTb OrpaHNIYNBaAETCS
pPasBUTMEM YCTONUYMBOCTU OMYXOSieN N MOOGOYHBIMU UMMYHHbBIMMU
peakuusMu.

Synthetic lethality offers a promising alternative for cancer
therapy. It works by applying drugs that target cells with genetically
mutated tumor suppressor genes, leaving healthy cells untouched, and
relies on identifying a partner gene that becomes essential only when
the tumor suppressor gene is modified. Drugs are used to inhibit the
proteins produced by synthetic lethal partner genes, killing cancer
cells.

CuHTeTUYecKas leTasibHOCTb 3TO NOTeHUManbHasa anbTepHaTnBa
APYrMM cnoco6amM JieyeHUss paka. ITOT MeToh OCHOBaH Ha
NPUMEHEHMN npenapaToB, KOTOpble BO3AENCTBYIOT Ha KIETKU C
reHeTUYeCKU MyTUpPOBaBLUMMU FreHaMU-cynpeccopamMu onyxoneun, npu
9TOM He 3aTparuBasi 340poBble KeTKU. MexaHu3M paboTaeT 3a CYET
BbISIBJIEHUS NAPHOr0 reHa, KOTOPbI CTAHOBUTCSA KPUTMYECKUN BaXKHbIM
TONIbKO MPU N3MEHEHUN FreHa-cyrnpeccopa.

In our project, we aimed to find the most efficient drug pairs that would perform synthetic lethality on HEK-293 cells with a mutated
RB1 gene. This mutation inactivates RB1, which initiates cancer driving mutation, achieving cancer-like cells.

B HaweM nNpoekTe Mbl CTPEMUINCH HaUTU Hanbonee adpeKTUBHbIE Napbl NpenapaTos, Bbi3blBaloLNe CUHTETUYECKYIO
netanbHoOCTb B KneTkax HEK-293 ¢ myTupoBaBLiuM reHoM RB1. 3Ta myTtaumnsa nHaktueupyet RB1, 3anyckaeT OHKOreHHyo MyTaLuio U

npuBoanT K o6pa303aH|/|+o KN1ETOK, NOXOXXNX Ha paKOBbIE.

HEK-293T cells underwent a transfection procedure using Effectene Transfection Reagent. With RNA interference method, we

downregulated the RB1 gene, generating a cancer-like cellular model.

We performed a drug titration assay to determine concentrations that would exhibit s dose-dependent response in control cells.
HEK-293T cells were treated with a range of concentrations for each drug and after two days each plate was assessed using Crystal

Violet.

After determining the effective drug concentrations, we added cell death inhibitors to examine the induction of the cell death.
HEK-293T cells were treated with either the drug alone, an inhibitor alone, or their combination. The objective was to determine if the
inhibition of specific cell death mechanisms could reduce the drug effect and identify which cell death pathways were activated by each

drug.

We further tested the combinations of the selected drugs in generated EGFP (control) and RB1-deficient cells to investigate their
synthetic lethality effects. In addition to the Crystal Violet assay, the ATP bioluminescence assay was utilized to assess cell viability.
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Drug Name (EN / RU) Mechanism of Action (EN) MexaHuam geuncteus (RU)

SN38 SN38 exerts its anti-cancer effects by inhibiting DNA topoisomerase |. OkasblBaeT NpOTUBOpPaKoBOe AeNCTBUE NYTEM MHIIMOMPOBaHUS
This inhibition leads to DNA damage, ultimately causing cancer cell Tonomnsomepasbl HK |. 310 nHrmbmnposaHme NpuBoaMT K MOBPEXAEHUIO
death. [OHK, 4TO BbI3bIBAET rMbesnb KNeTok.

Paclitaxel Paclitaxel disrupts normal microtubule function by promoting their HapylaeT pyHKUMOHMPOBaHME MUKPOTPYOOUEK, YCKOPSS UX COOPKY U
assembly and stabilizing them, preventing the cell from dividing and cTabunuaaumto, YTO NPENATCTBYET AENEHUIO KNETKU U NPUBOANUT K ee
leading to cell death. rméenm.

Homoharringtonine (HHT)  Homoharringtonine is a translation inhibitor that binds to the ribosome NHrmbutop TpaHcnaumm, 6noknpyet cMHTe3 6enkoB BbbKMBaHWS,
and blocks elongation, leading to intrinsic apoptosis in rapidly dividing aKTMBMpPYS anonTtos, 0cOBeHHO B BLICTPO AENALMXCS KreTKax.
cells.

Simvastatin Simvastatin inhibits HMG-CoA reductase, reducing cholesterol and NHrmbupyetr HMG-CoA-penykTasy, CH/XKasa CUHTE3 XonectepuHa u
isoprenoid synthesis, disrupting protein prenylation and membranes, n3onpeHonaoB, Bbi3biBas ctpecc, APK 1 anontos nnu pepponTos.
leading to stress and apoptosis/ferroptosis.

MLN-7243 MLN-7243 inhibits UBA1, blocking protein ubiquitination and causing NHrnbumpyet UBA1 1 Bnokupyet yomkBnTMHMpoBaHue 6enkos, Bbi3biBast
ER and proteotoxic stress, which may lead to cell death. cTpecc 9P n npoTeoTOKCUYECKUIN CTPECC, YTO MOXKET NMPUBECTU K

rmbenun KneTok.
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Ferroptosis is an iron-dependent form of regulated cell death characterized by the accumulation of lipid peroxides.
®epponTo3 — 370 3aBUCUMast OT Xenesa popmMa peryimpyeMon KNeTouyHon CMepTu, XxapakTepuyroLasca HakonJeHUeM NMUEHbIX
nepekucen.
Necroptosis is a programmed form of necrosis that leads to inflammatory cell death.
HekponTo3 — 3T0 3anporpaMMupoBaHHas popmMa HeKpO3a, KOTopas NpuBoauUT K BOCnannTenbHOM rmbenmn KneTok.
Apoptosis is a non-inflammatory, programmed cell death process.
AnonTo3 — 3TO He BbI3blBAKOLLMI BOCNANEHNA NpoLecc 3anporpaMMnUpoBaHHON rM6enn KNeTok.
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Experiment 1

culturing different concentrations of HEK
293 cells in a 96-wells plate
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calculate number of the cells using Crystal
Violet

Figure 2. Experiment 1.

HEK-293T cells were cultured in a 96-well plate and treated
with 3 drugs of different concentrations to examine their
effect on the respective cell line. The phenotypes were
determined using Crystal Violet assay.

Knetkun HEK-293T Bbipactunm B 96-nyHOYHOM nnaHLeTe u
obpaboTanu 3 npenapaTtaMy pasnNYHOM KOHLEHTpaLuy,
4TO6bI U3YYUTb UX BIUSIHNE HA COOTBETCTBYIOLLYHO
KNTIETOYHYIO NUHUIO. DeHOTUNbI ONpeaenssiv ¢ NOMOLLbIO
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Figure 3. Experiment 2

Using the optimal drug and cell death inhibitor
concentrations determined in Experiment 1, we test
various combinations of drugs and inhibitors to see
the specific mechanisms by which these drugs induce
cell death.

Ncnonb3ys onTMManbHble KOHLEHTpaLUn 1eKapcTB U
WHIMOUTOPOB KJIETOYHOM CMEPTK, OnpeaeseHHble B
JKcnepuMeHTe 1, Mbl NPOTECTMPOBANN pasfinyHble
KOMOUWHaLMM NeKapCTB U MHTMOBUTOPOB, YTOObI
YyBUAETb KOHKPETHbIE MeXaHW3Mbl, MPU MOMOLLMU
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Experiment 1. Effect of single drug on cell
line HEK-293T

*Experiments are done on HEK-293T cells
with cell number of 5000 cells/well

Graph 1. Effect of
on HEK-293T
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MLN-7243 on HEK-293T SN-38 on HEK-293T Simvastatin on HEK-293T Purvanalon on HEK-293T HemoharringtoninE
(HHT) on HEK-293T
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Figure 4. Experiment 3

Transfection as preformed on HEK 293T cells, after
which they were cultivated for 24h and distributed in
96-well plate. Combinations of the drugs were added
performing synthetic lethality. Crystal Violet assay was
performed after 48h.

Ha knetkax HEK-293T npoBenu TpaHcdekuuto, nocne
Yero Ux KynbTUBMpPOBAIN B TEYEHNE CYTOK U
paccaannu B 96-nyHoYHble nnaHweTbl. [locne aTtoro
Mbl f,06aBUIN KOMOUHALMW NpenapaTos,
ob6ecneynBatoLLMX CUHTETUYECKYHO NIETaNIbHOCTb.
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Experiment 2. Effect of cell death inhibitors in
Graph 7. Effect of Simvastatin Graph 8. Effect of HHT combined Graph 9. Effect of MLN-7243 Graph 10. Effect of Purvanalon
(Sim) combiped with the inhibjtors with the inhibitgrs of Ferroptosis combined with the inhibitors of (Pur) combined with the infibitors
of Ferroptosis and Necroptosis and Necroptosis Ferroptosis and Necroptosis of Ferroptosis and Necroptosis

TecTa Crystal Violet. KOTOPbIX 3TW fieKapCTBa BAUSIIOT Ha KNETKMW. Yepes ABa AHA Mbl NpoBenv aHanus Ha Crystal Violet. %
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Figure 6. Crystal violet procedure

Aft ing dead and unattached cells, we fixed th ini lls with f lin and stained th ith tal . .
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ATP bioluminescence assay ( g )
” e A e = 2
add 200 i g;? 200 - o 200 — s NS 'l’l: S S NS NS s NS X SE_IP
Py luciferase luciferase - L i GFEE |_ l— =
enzyme reaction Los s | E € 150 =) RB1
. 0o . " E o
alive cells ATP - 5 —_— P g 5 S 150+ .
. . . <t 0 Y [ N = L ] ]
Figure 7. ATP bioluminescence assay 2 100 g o " e 3 L Q 3 ]
sl The ATP bioluminescence assay assumes that living o 3 ', . o 100 0 100 4 ]
cells in a sample have a constant amount of ATP. In the . . _g o
luciferin bioluminescent case of a living cell the luciferin-luciferase reaction 50+ -. '_ ® 50
substrate signal would produce a bioluminescent flash. In the case of a . . o 50
dead cell, which does not have ATP, no bioluminescence 01K b : : 3
reaction would occur. N 0 T T
add o&,\o Control PX + MLN + Ferro + Necro 05 T T T T T
luciferase ¥ © & SN PN
_ é\'z’ & & V‘\ '5%6 ‘{5«;, “;be- \,‘\ ‘\Q. \}x
enzyme no reaction R C oy @ & T W &
o) o
. . $° P
luciferin no signal &L 9 &7 g
) =)
substrate &
N
1. Optimal concentrations were determined for the selected drugs.
N
2. The selectivity of the drugs and their combinations was tested on wild-type (WT) cells and cells with @ L
RB1 downregulation. NAZARBAYEV .1
UNIVERSITY School of molecular
3. The involvement of cell death mechanisms, such as necroptosis and ferroptosis, was identified in and theoretical biology
response 1o drug treatment.




