
Harnessing synthetic lethality for selective targeting of human cancer cells
 Использование принципа синтетической летальности для удаления опухолевых клеток
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Cancer is one of the most common causes of death. The development of some severe forms of cancer, such as skin melanomas, 
osteosarcomas, breast cancer, and retinoblastoma, is associated with mutations in the tumor suppressor gene RB1 encoding the 
retinoblastoma protein (inactivated in 15% all human tumors) 

The synthetic lethality lab aims to find a new method of killing human cancer cells while leaving healthy cells untouched. The 
process by which this happens is the search for a gene that, when deactivated in cancer cells with the tumor suppressor RB1 
inactivated, causes them to die, while leaving healthy cells with minimal side effects. As a result of genetic screening, the most 
promising targets were found and 4 drugs were selected that we tested in our study (Taxifolin, Pyrvalanol A, Homoharringtonine, 
Mycophenola Mofetil). 
To conduct the study, we used 2 isogenic cancer cell lines (H12, U20S)  with either control gene or RB1 gene deleted. 

In addition, the RB1 gene was inactivated using either the RNA interference method, aimed at suppressing expression at the 
transcription stage, or the genome editing method using CRISPR/Cas9, for which plasmid DNA carrying sgRNAs against RB1 or control 
gene was propagated in bacteria and transfected into A341 cells stably expressing Cas9 protein. Recognition by the CRISPR/Cas 
system occurs due to the complementary interaction between non-coding RNA and template DNA. In this case, a complex is formed 
of non-coding RNA and Cas proteins, which have nuclease activity. The study aims to identify targeted treatments that can selectively 
kill cancer cells with minimal impact on healthy tissue. Ultimately, this research could lead to more effective and less harmful cancer 
therapies.

Рак является одной из наиболее распространенных причин смерти. Развитие тяжелых форм рака, таких как меланомы 
кожи, остеосаркомы, рак молочной железы и ретинобластома, связано с мутациями в гене-супрессоре опухолей RB1, 
кодирующем белок ретинобластомы (инактивирован в 15% всех опухолей человека). Ǿаборатория синтетической летальности 
стремится найти новые селективные методы уничтожения раковых клеток человека. Процесс, с помощью которого это 
происходит, представляет собой поиск генов, которые при деактивации в раковых клетках с инактивированным супрессором 
опухолей RB1 вызывают их гибель, оставляя здоровые клетки с минимальными побочными эффектами. В результате 
генетического скрининга были найдены наиболее перспективные цели и были выбраны 4 препарата, которые мы 
протестировали в нашем исследовании (Таксифолин, Пирваланол А, Гомохаррингтонин, ǿикофенола ǿофетил).

Для проведения исследования были использованы 2 клеточные линии (H12, U20S) с контрольными клетками и клетками с 
удаленным геном RB1. Ген также был нокаутирован в клетках культуры A431 с помощью метода РȀК-интерференции, 
направленного на подавление экспрессии на этапе транскрипции, и метода редактирования генома с помощью CRISPR. 
Целью нашей работы был поиск оптимальных концентраций этих четырех лекарств и их комбинаций, которые могут 
избирательно убивать раковые клетки с минимальным воздействием на здоровые ткани.

Drug name: Homoharringtonine

Mechanism of work: Inhibits protein synthesis by binding to the 
A-site of the ribosome, preventing the elongation step of 
translation. Also induces apoptosis in cancer cells.

FDA approved for: Approved for the treatment of chronic myeloid 
leukemia (CML) under the name Omacetaxine mepesuccinate.

Drug name: Purvalanol A

Mechanism of work: Inhibits cyclin-dependent kinases (CDKs), 
particularly CDK2 and CDK4, leading to cell cycle arrest at the 
G1/S transition.

https://www.addgene.org/guides/crispr/
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This study demonstrates the potential of synthetic lethality to target cancer cells with inactivated RB1 tumor suppressor gene, using 
drugs such as Taxifolin, Purvalanol A, Homoharringtonine, and Mycophenolate Mofetil. Through CRISPR and RNA interference, we 
developed RB1-deficient cell models, allowing us to test drug efficacy in selectively inducing cell death. Our findings show that these 
drugs can effectively target RB1-deficient cancer cells while leaving healthy ones unharmed,, providing a promising approach for 
developing more selective and less harmful cancer therapies. Nevertheless, in some cases, less control cells survived compared to the 
RB1-deficient cells. Future work will optimize drug combinations and explore additional genetic targets to improve therapeutic 
outcomes. Although the desired effect has not been achieved with the drugs on the H12 cell line, we have found several promising drugs 
and their combinations to selectively kill RB1-deficient U2OS cells.

With further testing, we aim to find the sufficient concentration of one of the given four drugs to reduce the survival rate of the 
cancerous RB1 cells even further. We also want to test the other drugs on the FDA approved list to find a drug to improve the effectiveness 
of cancer treatment; additionally, it will be interesting to study the principles of drug interaction with each other, including the 
mechanisms of inhibition.
 

FUTURE GOALSDrug name: Mycophenolate mofetil

Mechanism of work: Inhibits inosine monophosphate 
dehydrogenase (IMPDH), which is crucial for the de novo 
synthesis of guanine nucleotides. This leads to suppression of T 
and B lymphocyte proliferation.

FDA approved for: Approved for prevention of organ transplant 
rejection

Drug name:  Taxifolin

Mechanism of work: A flavonoid with antioxidant properties. It 
scavenges free radicals and modulates various signaling 
pathways involved in inflammation and cell proliferation.

CRISPR/Cas9 approach RNAi approach
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