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Editorial on the Research Topic

Cancer Therapeutics: Targeting DNA Repair Pathways

A cell’s genome is constantly challenged by exogenous and endogenous DNA damaging agents and
failure to repair this damage can lead to genomic instability and tumorigenesis (Lavin et al., 2005;
Jackson and Bartek, 2009). Genomic instability is an established hallmark of cancer and as
tumorigenesis progresses, genetic streamlining leads to dysregulation of DNA repair pathways,
selecting for cancer cells that have enhanced genomic instability and fitness. Importantly, this tumor
evolution commonly leads to dependency on a single DNA repair pathway for survival through
inactivation of alternate pathways, highlighting a key molecular weakness of cancer cells (Jeggo et al.,
2016). Exploiting this weakness by accurately targeting the remaining or dysregulated DNA repair
pathways in cancer cells using the next generation of precision/personalized medicine drugs,
provides a therapeutic approach tailored to an individual’s specific tumor profile (Aziz et al.,
2012; Kelley et al., 2014; Jekimovs et al., 2014; Biau et al., 2019; Lavin and Yeo, 2020).

This Research Topic explores Cancer Therapeutics: Targeting DNA Repair Pathways and features ten
articles that reflect the breadth and complexity of DNA repair pathways used by tumors and offers key
insights into their potential exploitation for the next generation of cancer therapies. This topic consists of
reviews and original research articles on keyDNA repair proteins and pathways that are critical for cancer
development or survival, highlighting their future importance for targeted therapies.

This topic highlights significant reviews, with the manuscript by Ren et al. discussing the structure of the
regulator of chromosome condensation 1 (RCC1), a protein involved in the regulation of the cell cycle, DNA
damage and in the development of cancer. RCC1 is overexpressed in cancer cells and the role of RCC1 in
spindle formation, nuclear envelope formation and in nuclear transport is discussed. The authors highlight
the role of RCC1 in tumorigenesis and further discuss its potential as a tumor biomarker (Ren et al.). The
review Regulator of Chromosome Condensation 2 Modulates Cell Cycle Progression, Tumorigenesis, and
Therapeutic Resistance, highlights the function of RCC2 in tumor development in different cancers and its
role in resistance to current therapeutics. Guo et al. demonstrate that RCC2 functions in the oncogenesis of
many cancers including colorectal, lung, breast and ovarian. The authors discuss an emerging role for RCC2
in the DNA repair process. The authors suggest that interaction of RCC2 with numerous signalling
pathways leads to therapeutic resistance and poor cancer outcomes in patients, highlighting its potential as a
cancer biomarker and future therapeutic target. The review by Sobanski et al. Cell Metabolism and DNA
Repair Pathways: Implications for Cancer Therapy focuses on the dependence of DNA repair on cellular
metabolism. The authors highlight the interplay of DNA repair and cell metabolism in tumor development
and progression, and discuss how the next generation of potential novel therapies will target both processes
concurrently (Sobanski et al.). Fernandez et al. provide a comprehensive review on epigenetic therapies
currently in clinical trials or FDA approved for clinical use in cancer therapy, in their review Epigenetic
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Mechanisms in DNA Double Strand Break Repair: A Clinical Review.
The authors focus on the role of histone deacetylase and DNA
methyltransferase inhibitors as targeted therapies and their clinical
use alone or in combination with current therapies, to highlight the
emerging role of these epigenetic therapies as the next wave of
personalized cancer medicine (Fernandez et al.).

This topic highlights research articles investigating new
biomarkers. In the article PAXX, Not NHEJ is an Independent
Prognosticator in Colon Cancer Arora et al., performing a
comprehensive analysis of several essential genes, the authors
studied their association with molecular and pathological features
in colon cancer. In this study, high PAXX expression was shown to be
the only independent prognostic biomarker for disease specific and
overall survival in colon cancer, amongst the non-homologous end-
joining genes analysed. The authors further suggest that PAXX may
represent a novel therapeutic target in colon cancer, in addition to its
use as a biomarker in colon cancer. Bian et al. set out to identify the
N6-methyladenosine (m6A) RNA methylation regulator-based
prognostic signature, using the TCGA datasets, for hepatocellular
carcinoma. Using a combination of bioinformatics and experimental
data, the authors showed that m6A regulator, YTHDF1, is an
oncogenic gene in hepatocellular carcinoma and functions as both
a prognostic biomarker and therapeutic target in this type of cancer
(Bian et al.). In order to diagnose prostate cancer (PCa) patients with a
high risk of biochemical recurrence, Long et al., used a bioinformatics
approach to profile DNA repair genes. The authors identified a DNA
repair gene signature, developing a prognostic nomogram for PCa,
accurately predicting biochemical recurrence in PCa patients. Their
research highlights the importance of such predictive models for
personalized treatment options and decision making in PCa.

Liu et al. demonstrated that mini-chromosome maintenance
protein 4 (MCM4) is a potential biomarker in soft-tissue sarcoma
which correlates with clinical staging and survival outcome in patients.
Tumors with overexpression of MCM4 were therapeutically sensitive
to PARP inhibitors. This highlights the potential of PARP inhibitors
(alone or in combination with chemotherapy) to treat soft-tissue

sarcoma patients with MCM4 overexpression. Buck et al. investigated
whether veliparib, a PARP inhibitor, could enhance the
radiosensitivity of medulloblastoma cells. The author’s in vitro data
corroborated in vivo data from an orthotopic implant model of
medulloblastoma, demonstrating that combination therapy of
veliparib and irradiation decreased tumor growth rates and
increased intra-tumoral apoptosis of medulloblastoma (Buck et al.).
Al-Asmari et al. described the pharmacological inhibition of the
STING pathway in cancer cell lines. The authors showed that
induction of DNA damage in cancer cells leads to a rapid IL-6
response via non-canonical and canonical STING signalling.
Furthermore, the authors suggest that targeting ERK1/2 may lead
to a better response in patients, by reducing IL-6 production, whilst
maintaining the anti-tumor activity of STING interferon signalling.

Together, this collection of manuscripts highlights the growing
understanding and use of DNA repair pathways as both cancer
biomarkers and for new precision medicine-based targeted
therapeutic approaches for cancer treatment. This is particularly
exemplified here by the manuscripts exploring PARP inhibitors,
which we anticipate will be of interest to researchers and clinician-
scientists alike. Advances in exploiting personalised profiling of
tumors, combined with new biomarkers and targeted therapeutics,
have, and will continue to improve clinical outcomes in patients.

AUTHOR CONTRIBUTIONS

All authors listed have made a substantial, direct and intellectual
contribution to the work, and have approved it for publication.

FUNDING

AS is supported by a grant from the QUT Centre for Genomics
and Personalised Health and ML is supported by an NHMRC
Medical Research Futures Fund grant for rare genetic disorders.

REFERENCES

Aziz, K., Nowsheen, S., Pantelias, G., Iliakis, G., Gorgoulis, V. G., and Georgakilas,
A. G. (2012). Targeting DNA Damage and Repair: Embracing the
Pharmacological Era for Successful Cancer Therapy. Pharmacol. Ther. 133,
334–350. doi:10.1016/j.pharmthera.2011.11.010

Biau, J., Chautard, E., Verrelle, P., and Dutreix, M. (2019). Altering DNA Repair to
Improve Radiation Therapy: Specific and Multiple Pathway Targeting. Front.
Oncol. 9, 1009. doi:10.3389/fonc.2019.01009

Jackson, S. P., and Bartek, J. (2009). The DNA-Damage Response in Human
Biology and Disease. Nature 461, 1071–1078. doi:10.1038/nature08467

Jeggo, P. A., Pearl, L. H., and Carr, A. M. (2016). DNA Repair, Genome Stability
and Cancer: a Historical Perspective. Nat. Rev. Cancer 16, 35–42. doi:10.1038/
nrc.2015.4

Jekimovs, C., Bolderson, E., Suraweera, A., Adams, M., O’Byrne, K. J., and Richard,
D. J. (2014). Chemotherapeutic Compounds Targeting the DNA Double-
Strand Break Repair Pathways: The Good, the Bad, and the Promising.
Front. Oncol. 4, 86. doi:10.3389/fonc.2014.00086

Kelley, M. R., Logsdon, D., and Fishel, M. L. (2014). Targeting DNA Repair
Pathways for Cancer Treatment: What’s New? Future Oncol. 10, 1215–1237.
doi:10.2217/fon.14.60

Lavin, M. F., and Yeo, A. J. (2020). Clinical Potential of ATM Inhibitors. Mutat. Res.
Fundam. Mol. Mech. Mutagen. 821, 111695. doi:10.1016/j.mrfmmm.2020.111695

Lavin, M. F., Birrell, G., Chen, P., Kozlov, S., Scott, S., and Gueven, N. (2005). ATM
Signaling and Genomic Stability in Response to DNADamage.Mutat. Res. Fundam.
Mol. Mech. Mutagen. 569, 123–132. doi:10.1016/j.mrfmmm.2004.04.020

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Suraweera, Brown, Lim and Lavin. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (CC BY).
The use, distribution or reproduction in other forums is permitted, provided the original
author(s) and the copyright owner(s) are credited and that the original publication in this
journal is cited, in accordance with accepted academic practice. No use, distribution or
reproduction is permitted which does not comply with these terms.

Frontiers in Molecular Biosciences | www.frontiersin.org February 2022 | Volume 9 | Article 8585142

Suraweera et al. Editorial: Therapeutics Targeting DNA Repair

https://www.frontiersin.org/articles/10.3389/fmolb.2021.685440/full
https://www.frontiersin.org/articles/10.3389/fmolb.2020.584053/full
https://www.frontiersin.org/articles/10.3389/fmolb.2020.604766/full
https://www.frontiersin.org/articles/10.3389/fmolb.2020.604766/full
https://www.frontiersin.org/articles/10.3389/fmolb.2021.608369/full
https://www.frontiersin.org/articles/10.3389/fcell.2021.666376/full
https://www.frontiersin.org/articles/10.3389/fmolb.2021.633344/full
https://www.frontiersin.org/articles/10.3389/fmolb.2021.633344/full
https://www.frontiersin.org/articles/10.3389/fcell.2021.709618/full
https://doi.org/10.1016/j.pharmthera.2011.11.010
https://doi.org/10.3389/fonc.2019.01009
https://doi.org/10.1038/nature08467
https://doi.org/10.1038/nrc.2015.4
https://doi.org/10.1038/nrc.2015.4
https://doi.org/10.3389/fonc.2014.00086
https://doi.org/10.2217/fon.14.60
https://doi.org/10.1016/j.mrfmmm.2020.111695
https://doi.org/10.1016/j.mrfmmm.2004.04.020
https://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/molecular-biosciences
www.frontiersin.org
https://www.frontiersin.org/journals/molecular-biosciences#articles

	Editorial: Cancer Therapeutics: Targeting DNA Repair Pathways
	Author Contributions
	Funding
	References


