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Abstract

Synthetic lethality is a promising concept in cancer research and targeted therapy development. This study focuses on the detection of synthetic
lethality signaling in human cells, which involves identifying genetic interactions that render cancer cells vulnerable to specific therapeutic
interventions. We employ advanced genomic and computational approaches to uncover these interactions and their underlying mechanisms.
By elucidating synthetic lethality networks, this research contributes to the development of more effective and personalized cancer treatment
strategies. Our findings shed light on the intricate interplay of genetic factors in cancer cell survival, offering new insights for precision medicine.
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Introduction

The investigation of synthetic lethality in human cells is driven by the potential
to develop an efficient and safe anti-cancer chemotherapy approach. Among the
various factors targeted to induce synthetic lethality, DNA repair mechanisms
stand out as highly relevant. Specifically, alternative repair pathways present
promising options for eliminating abnormal cells, particularly when mutations
disrupt conventional DNA double-strand break repair pathways, a common
occurrence in cancer cells. Current efforts in synthetic lethality focus on blocking
RAD52 and/or PARP1 in tumor cells lacking canonical repair pathways. However,
resistance to commonly used PARPL inhibitors poses a significant challenge in
developing effective treatment strategies [1].

One emerging target for synthetic lethality-based cancer treatment is the
POLQ gene, which encodes DNA polymerase theta. Pol plays a crucial role in a
different method of DSB repair known as theta-mediated end joining and is linked
to genome stability and cancer development. Cancer cells often exhibit increased
Pol expression, promoting their survival, while normal cells typically have minimal
or no Pol expression. Silencing Pol in HR-deficient cells reveals a synthetic lethal
relationship between Pol and HR genes. Additionally, Pol depletion sensitizes
tumor cells to conventional therapies like chemotherapy and radiation, making
it a potential target for personalized cancer treatment, particularly in cases of
PARPI resistance [2].

Description

This review emphasizes the significance of Pol in synthetic lethality-based
anticancer therapies and its role in DSB repair pathways. The authors highlight
Pol's potential as a therapeutic target in the concluding paragraph. The review's
authors conducted an extensive search for relevant articles, including in vivo and
in vitro studies involving human and animal subjects, as well as clinical trials, up
to March 2023. They used keywords such as synthetic lethality, dual synthetic
lethality, homologous recombination repair, anticancer therapy, microhomology-
mediated end joining, DNA damage response, helicase, polymerase, DNA repair
and polymerase theta-mediated end joining [3].
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Personalized anticancer therapy holds promise for improving treatment
efficacy while minimizing side effects. To achieve this, a therapeutic model based
on the molecular biology of cancer and the clinical characteristics of specific
neoplastic diseases is essential. Identifying the precise targets for tailored
therapy remains a significant challenge for researchers and clinicians across
various cancer types. A promising approach involves using carefully selected
inhibitors of DNA double-strand break repair proteins to induce cell death based
on the concept of synthetic lethality [4,5].

Conclusion

Initial successes with PARP inhibitors like Lynparza have provided a promising
treatment avenue for certain patients with BRCA1/2 mutations, validating the
concept of DSB repair-induced synthetic lethality. However, resistance to these
medications inevitably develops over time. Recent research has uncovered that
cells lacking BRCAL, BRCAZ2, or Ku70, crucial components of the classical DSB
repair pathway, become reliant on Pol, suggesting that Pol-dependent DNA repair
processes serve as a backup mechanism. This revelation has sparked increased
interest in Pol as a potential therapeutic target. Newly identified synthetic lethality
partners for Pol include genes involved in DNA damage repair, chromatin
structure maintenance and DNA metabolism. Pharmacological inhibition of Pol
is expected to selectively eliminate TMEJ-dependent cancer cells. Furthermore,
emerging evidence indicates that TMEJ activity mediated by Pol may drive the
development of secondary mutations that restore BRCA1/2 function. In this
context, inhibiting Pol could prevent the emergence of PARPI resistance. Clinical
trials for an anticancer medication belonging to the class of Pol inhibitors are set
to commence from late 2021 onward.
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