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Experiment 3

Figure 6. Crystal violet procedure
After removing dead and unattached cells, we fixed the remaining cells with formalin and stained them with crystal 
violet dye. Crystal violet binds to proteins and DNA, allowing us to visualize and count the viable cells.

Experiment 2

ATP bioluminescence assay

Figure 7.  ATP bioluminescence assay
The ATP bioluminescence assay assumes that living 
cells in a sample have a constant amount of ATP. In the 
case of a living cell the luciferin-luciferase reaction 
would produce a bioluminescent flash. In the case of a 
dead cell, which does not have ATP, no bioluminescence 
reaction would occur.

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.

Клетки HEK-293T вýрастили в 96-луночном планшете и 
обработали 3 препаратами различной концентрации, 
чтобý изучитþ их влиāние на соответствуĀщуĀ 
клеточнуĀ линиĀ. Фенотипý определāли с помощþĀ 
теста Crystal Violet.

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.

На клетках HEK-293T провели трансфекциĀ, после 
чего их кулþтивировали в течение суток и 
рассадили в 96-луночнýе планшетý. После ÿтого 
мý добавили комбинации препаратов, 
обеспечиваĀщих синтетическуĀ леталþностþ. 
Через два днā мý провели анализ на Crystal Violet.

Experiment 1

Graph 1. Effect of Paclitaxel 
on HEK-293T

Graph 3. Effect of 
SN-38 on HEK-293T

Graph 4. Effect of 
Simvastatin on HEK-293T

Graph 2. Effect of 
MLN-7243 on HEK-293T

Graph 6. Effect of 
HemoharringtoninE 
(HHT)  on HEK-293T

Graph 5. Effect of 
Purvanalon on HEK-293T

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.

Исполþзуā оптималþнýе концентрации лекарств и 
ингибиторов клеточной смерти, определеннýе в 
Эксперименте 1, мý протестировали различнýе 
комбинации лекарств и ингибиторов, чтобý 
увидетþ конкретнýе механизмý, при помощи 
которýх ÿти лекарства влиāĀт на клетки.

Graph 7. Effect of Simvastatin 
(Sim) combined with the inhibitors 
of Ferroptosis and Necroptosis 

Graph 8. Effect of HHT combined 
with the inhibitors of Ferroptosis 
and Necroptosis

Graph 9. Effect of MLN-7243 
combined with the inhibitors of 
Ferroptosis and Necroptosis

Graph 10. Effect of Purvanalon 
(Pur) combined with the infibitors 
of Ferroptosis and Necroptosis

Experiment 2. Effect of cell death inhibitors in 
combination with the drugs

Figure 5. Transfection Procedure for 
Effectene Transfection Reagent. 
Using the RNA interference method, 
we inactivate the RB1 gene in 
healthy cells. In this way we make 
them cancer-like cells

 Transfection Procedure for Effectene Transfection Reagent

Experiment 1. Effect of single drug on cell 
line HEK-293T

Experiment 3. Effect of drug combination on cells 
with RB1 mutation

Crystal violet procedure

Graph 11. Effect of Purvanalon, Paclitaxel and 
Ferroptosis on HEK-293T cells with RB1 mutation

Graph 12. Effect of MLN-7234 (0,08μM), Paclitaxel (0,01μM) 
and Ferroptosis inhibitor (1μM) and Necrostatin 2 (1μM) on  
HEK-293T cells with RB1 mutation  
(No significant effect)

Cancer is a group of diseases caused by uncontrolled division of abnormal cells. 
Рак - ÿто группа заболеваний, вýзваннýх неконтролируемýм делением аномалþнýх клеток.

Chemotherapy, one of the earliest cancer treatments, disrupts the cell cycle but harms both cancerous and healthy rapidly dividing 
cells, causing lasting damage.

Химиотерапиā бýла одним из первýх методов лечениā рака,  которýй нарушал клеточнýй цикл, но при ÿтом повреждал как 
раковýе, так и здоровýе бýстро делāщиесā клетки, и вýзýвал долгосрочнýе последствиā.

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. 

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

Таргетнаā терапиā и иммунотерапиā обеспечили более 
точное воздействие, но их ÿффективностþ ограничиваетсā 
развитием устойчивости опухолей и побочнýми иммуннýми 
реакциāми.

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.

Синтетическаā леталþностþ ÿто потенциалþнаā алþтернатива 
другим способам лечениā рака. Этот метод основан на 
применении препаратов, которýе воздействуĀт на клетки с 
генетически мутировавшими генами-супрессорами опухолей, при 
ÿтом не затрагиваā здоровýе клетки. Механизм работает за счёт 
вýāвлениā парного гена, которýй становитсā критически важнýм 
толþко при изменении гена-супрессора. 

Figure 1.  Synthetic lethality arises when the simultaneous 
disruption of two genes leads to cell death, while distuption of 
either alone is non/lethal

Drug Name (EN / RU) Mechanism of Action (EN) Механизм действия (RU)

SN38 SN38 exerts its anti-cancer effects by inhibiting DNA topoisomerase I. 
This inhibition leads to DNA damage, ultimately causing cancer cell 
death.

Оказывает противораковое действие путем ингибирования 
топоизомеразы ДНК I. Это ингибирование приводит к повреждению 
ДНК, что вызывает гибель клеток.

Paclitaxel Paclitaxel disrupts normal microtubule function by promoting their 
assembly and stabilizing them, preventing the cell from dividing and 
leading to cell death.

Нарушает функционирование микротрубочек, ускоряя их сборку и 
стабилизацию, что препятствует делению клетки и приводит к ее 
гибели.

Homoharringtonine (HHT) Homoharringtonine is a translation inhibitor that binds to the ribosome 
and blocks elongation, leading to intrinsic apoptosis in rapidly dividing 
cells.

Ингибитор трансляции, блокирует синтез белков выживания, 
активируя апоптоз, особенно в быстро делящихся клетках.

Simvastatin Simvastatin inhibits HMG-CoA reductase, reducing cholesterol and 
isoprenoid synthesis, disrupting protein prenylation and membranes, 
leading to stress and apoptosis/ferroptosis.

Ингибирует HMG-CoA-редуктазу, снижая синтез холестерина и 
изопреноидов, вызывая стресс, АФК и апоптоз или ферроптоз.

MLN-7243 MLN-7243 inhibits UBA1, blocking protein ubiquitination and causing 
ER and proteotoxic stress, which may lead to cell death.

Ингибирует UBA1 и блокирует убиквитинирование белков, вызывая 
стресс ЭР и протеотоксический стресс, что может привести к 
гибели клеток.

 В нашем проекте мý стремилисþ найти наиболее ÿффективнýе парý препаратов, вýзýваĀщие синтетическуĀ 
леталþностþ в клетках HEK-293 с мутировавшим геном RB1. Эта мутациā инактивирует RB1, запускает онкогеннуĀ мутациĀ и 
приводит к образованиĀ клеток, похожих на раковýе.

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.

 Graph 13. Effect of MLN-7234 and SN-38 on  
HEK-293T cells with RB1 mutation
 (No significant effect)

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

Ferroptosis is an iron-dependent form of regulated cell death characterized by the accumulation of lipid peroxides.
Ферроптоз — ÿто зависимаā от железа форма регулируемой клеточной смерти, характеризуĀщаāсā накоплением липиднýх 
перекисей.

Necroptosis is a programmed form of necrosis that leads to inflammatory cell death.
Некроптоз — ÿто запрограммированнаā форма некроза, котораā приводит к воспалителþной гибели клеток.

Apoptosis is a non-inflammatory, programmed cell death process.
Апоптоз — ÿто не вýзýваĀщий воспалениā процесс запрограммированной гибели клеток.

1. Optimal concentrations were determined for the selected drugs.

2. The selectivity of the drugs and their combinations was tested on wild-type (WT) cells and cells with 
RB1 downregulation.

3. The involvement of cell death mechanisms, such as necroptosis and ferroptosis, was identified in 
response to drug treatment.

Conclusions
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