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Abstract: 

When DNA is damaged, cells activate the DNA Damage Response (DDR), a protective mechanism that 
prevents harmful mutations and chromosomal changes that can lead to cancer. DDR coordinates DNA repair 
with cell cycle control, ensuring that cells do not divide with damaged genetic material [1]. It evolved to protect 
organisms from both internal and external DNA-damaging agents. Interestingly, many cancer therapies such as 
radiation and chemotherapy work by damaging DNA, making DDR a key factor in treatment resistance[2] 
Radiotherapy, used in about 50% of cancer cases, relies on causing DNA damage to kill tumor cells. A specific 
type of injury caused by radiation is complex DNA damage (CDD), where multiple lesions occur close together 
on the DNA helix. CDD is particularly toxic because it is difficult for the cell to repair. The severity of CDD 
increases with higher linear energy transfer (LET), meaning that high-LET radiation (like carbon ions) causes 
more damage than low-LET radiation (like X-rays) [3]. However, this can also increase the risk of harming 
healthy tissue. Recent research focuses on developing DDR inhibitors that block repair in cancer cells, making 
them more sensitive to treatment. Several of these drugs are in preclinical and clinical testing, both alone and in 
combination with other therapies[4]. 
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Introduction: 

Genetic alterations that result in unchecked cell proliferation are the cause of human cancer. Errors in DNA 
replication or improperly repaired DNA damage can result in mutations. A tiny percentage of somatic mutations 
might provide the cell a selection advantage that could help it to grow or live preferentially, but most 
continuously acquired mutations are harmless due to a variety of cell-intrinsic processes that reduce DNA 
alterations[5]. Although the rates of mutational processes vary greatly, the majority of human malignancies have 
hundreds of insertions, deletions, and rearrangements in addition to 1000–20,000 point mutations[6]. Malignant 
cell transformation can be brought on by the accumulation of abnormal somatic mutations. Human cells have 
therefore developed many levels of repair systems to guard against these mistakes.DNA damage response 
(DDR) mechanisms carefully repair broken sequences or trigger senescence or death in permanently damaged 
cells[7]. Defects in the DDR process may encourage the proliferation of cancer cells by causing de novo driver 
mutations, producing tumor heterogeneity, and avoiding apoptosis. Genomic instability is a significant 
characteristic of cancer[8]. 
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Mechanism of DNA Damage Response 

Base modification, intrastrand crosslinks, interstrand crosslinks (ICL), DNA–protein crosslinks, single-strand 
breaks (SSBs), and DSBs are among the several forms of DNA damage caused by DNA-damaging agents. 
Proteins involved in the DNA damage response recognize​ and​ handle​ each​ form​of
​ DNA​ damage. A biological process called the DNA Damage Response (DDR) 
recognizes and reacts to DNA damage in order to maintain the integrity of the genome[9]. It includes several 
processes, such as apoptosis, cell cycle checkpoints, and DNA repair. Sensor proteins (like the MRN complex) 
that identify damage, transducer proteins (like ATM and ATR) that transmit the signal, and effector proteins that 
start cell death or repair are important participants in DDR[10]. 

 

 
Fig.1 DNA Damage and DNA Repair[10] 

 
The development of several genetic abnormalities over many years is necessary for the complicated illness 
known as cancer. Both within and across cancer types, these mutations differ[11]. The DNA of cancer cells is 
damaged by current therapies such as radiation, alkylating chemicals, and platinum compounds, but they also 
cause serious side effects by harming healthy cells that develop quickly. Additionally, some cancer cells become 
resistant to these medications. The development of tailored medicines that can selectively target cancer cells has 
recently benefited from a better understanding of the DNA damage response (DDR) [12]. Compared to 
conventional therapy, these DDR-based therapeutics could be less harmful and more successful. 
 

DNA damage response alerts the immune system 

The DNA Damage Response (DDR) is triggered when cells sustain DNA damage. Its functions include alerting 
the immune system and repairing the damage or halting cell division. Danger signals such as cytokines and 
chemokines (like interferons) are released by damaged cells [13]. Damaged DNA fragments that enter the 
cytoplasm and trigger cGAS-STING and other pathways.The expression of ligands for immune cell receptors, 
such as natural killer cells, has increased[14][15]. 
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Fig.2 DNA damage response alerts the immune system[30] 
 
DNA damage response and targeted drug development 

New targets for cancer therapy have been identified by recent molecular discoveries of DNA damage response 
mechanisms. By preventing the repair of double-strand breaks, ATM kinase inhibitors like KU55933 make 
tumor cells more sensitive to substances that damage DNA. In a similar vein, DNA-PKcs inhibitors improve the 
efficiency of chemotherapy and radiation[16][29]. The most promising of them are Chk1 inhibitors, which are 
clinically developed and selectively sensitize p53-deficient tumor cells to DNA damage while being less 
harmful to healthy cells. On the other hand, Chk2 inhibition may extend the therapeutic window by shielding 
healthy tissues from harm brought on by cancer treatments, even while it does not improve tumor sensitivity. 
Furthermore, apoptosis can be induced in tumors with functioning p53 by medications like nutlin-3 that activate 
p53 by interfering with its interaction with MDM2[18] [28]. 

To guarantee safety, more study is required since worries about potential harmful effects on healthy cells persist. 
All things considered, by enhancing tumor sensitivity and decreasing adverse effects, targeting DNA damage 
response components presents encouraging opportunities to enhance cancer treatments[19] [20] [21]. 
 

 
Fig.3 DNA damage repair[22] 
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Conclusion: 

A crucial cellular defense mechanism, the DNA Damage Response (DDR) finds and fixes DNA lesions to 
preserve genomic integrity. Given that genomic instability is a defining feature of cancer, its function is 
particularly important. New approaches to cancer treatment have been made possible by our growing 
understanding of DDR pathways, especially by taking advantage of flaws in the processes by which tumor cells 
repair themselves[23]. By using certain inhibitors to target important components like ATM, ATR, DNA-PKcs, 
and Chk1, cancer cells can become more sensitive to traditional therapies like chemotherapy and radiation 
therapy while causing the least amount of damage to healthy tissues[24]. Furthermore, the DDR's capacity to 
regulate immunological responses increases its potential for therapeutic use.Even with encouraging 
advancements, a thorough assessment of toxicity and resistance pathways is necessary to optimize the 
therapeutic advantages of DDR-targeted treatments. In order to turn these discoveries into safer, more effective, 
and more selective cancer therapies, additional investigation and clinical testing will be essential[25] [26] [27]. 
References: 

1)​ Ye, Z., Shi, Y., Lees-Miller, S. P., & Tainer, J. A. (2021). Function and Molecular Mechanism of 
the DNA Damage Response in Immunity and Cancer 
Immunotherapy. Frontiers in immunology, 12, 797880. https://doi.org/10.3389/fimmu.2021.797880 

2)​ Giglia-Mari, G., Zotter, A., & Vermeulen, W. (2011). DNA damage response. Cold Spring Harbor 
perspectives in biology, 3(1), a000745. 
https://doi.org/10.1101/cshperspect.a000745 

3)​ Li L, et al. DNA Repair Pathways in Cancer Therapy and Resistance. Front. 
Pharmacol.2021. 

4)​ Chatterjee, N., & Walker, G. C. (2017). Mechanisms of DNA damage, repair, and mutagenesis. 
Environmental and molecular mutagenesis, 58(5), 235–263. 
https://doi.org/10.1002/em.22087 

5)​ Huang, R., Zhou, PK. DNA damage repair: historical perspectives, mechanistic 
pathways and clinical translation for targeted cancer therapy. Sig Transduct Target Ther 6, 254 
(2021). https://doi.org/10.1038/s41392-021-00648-7 

6)​ Curtin N. J. (2023). Targeting the DNA damage response for cancer therapy. 
Biochemical Society transactions, 51(1), 207–221. 
https://doi.org/10.1042/BST20220681 

7)​ Wang, M., Chen, S., & Ao, D. (2021). Targeting DNA repair pathway in cancer: Mechanisms 
and clinical application. MedComm, 2(4), 654–691. 
https://doi.org/10.1002/mco2.103 

8)​ Mercadante AA, Kasi A. Genetics, Cancer Cell Cycle Phases. [Updated 2023 Aug 14]. In: StatPearls 
[Internet]. Treasure Island (FL): StatPearls Publishing; 2025 Jan- 
. Available from: https://www.ncbi.nlm.nih.gov/books/NBK563158/ 

9)​ Alberts B, Johnson A, Lewis J, et al. Molecular Biology of the Cell. 4th edition. New York: Garland 
Science; 2002. The Molecular Basis of Cancer-Cell 
Behavior. Available from: https://www.ncbi.nlm.nih.gov/books/NBK26902/ 

10)​ Zhang, S., Xiao, X., Yi, Y. et al. Tumor initiation and early tumorigenesis: molecular mechanisms and 
interventional targets. Sig Transduct Target Ther 9, 149 (2024). 
https://doi.org/10.1038/s41392-024-01848-7 

11)​ Sinkala, M. Mutational landscape of cancer-driver genes across human cancers. Sci Rep 13, 12742 
(2023). https://doi.org/10.1038/s41598-023-39608-2 

12)​ Mendiratta, G., Ke, E., Aziz, M. et al. Cancer gene mutation frequencies for the U.S. population. Nat 
Commun 12, 5961 (2021). https://doi.org/10.1038/s41467-021-26213- y 

13)​ Prior, I. A., Hood, F. E., & Hartley, J. L. (2020). The Frequency of Ras Mutations in Cancer. Cancer 
research, 80(14), 2969–2974. https://doi.org/10.1158/0008- 5472.CAN-19-3682 

14)​ Mendiratta, G., Jones, M. K., & Stites, E. C. (2022). How often is each gene mutated within the 

27 
 

https://doi.org/10.3389/fimmu.2021.797880
https://doi.org/10.1101/cshperspect.a000745
https://doi.org/10.1002/em.22087
https://doi.org/10.1038/s41392-021-00648-7
https://doi.org/10.1042/BST20220681
https://doi.org/10.1002/mco2.103
https://www.ncbi.nlm.nih.gov/books/NBK563158/
https://www.ncbi.nlm.nih.gov/books/NBK26902/
https://doi.org/10.1038/s41392-024-01848-7
https://doi.org/10.1038/s41598-023-39608-2
https://doi.org/10.1038/s41467-021-26213-y
https://doi.org/10.1038/s41467-021-26213-y
https://doi.org/10.1158/0008-5472.CAN-19-3682
https://doi.org/10.1158/0008-5472.CAN-19-3682


Biopress Journal of Advanced Pharmacology Vol.1 Issue. 3 (2025) 
 
 
 

cancer patient population?. Molecular & cellular oncology, 9(1), 2065176. 
https://doi.org/10.1080/23723556.2022.2065176 

15)​ Cooper GM. The Cell: A Molecular Approach. 2nd edition. Sunderland (MA): Sinauer Associates; 
2000. DNA Repair. Available from: 
https://www.ncbi.nlm.nih.gov/books/NBK9900/ 

16)​ Czajkowski, D., Szmyd, R., & Gee, H. E. (2022). Impact of DNA damage response defects in 
cancer cells on response to immunotherapy and radiotherapy. Journal of medical imaging and 
radiation oncology, 66(4), 546–559. 
https://doi.org/10.1111/1754-9485.13413 

17)​ Huang, R., Zhou, PK. DNA damage repair: historical perspectives, mechanistic 
pathways and clinical translation for targeted cancer therapy. Sig Transduct Target Ther 6, 254 
(2021). https://doi.org/10.1038/s41392-021-00648-7 

18)​ Mari, G., Zotter, A., & Vermeulen, W. (2011). DNA damage response. Cold Spring Harbor 
perspectives in biology, 3(1), a000745. 
https://doi.org/10.1101/cshperspect.a000745 

19)​ Koya AI, Ibrahim SA. Carcinogenesis. [Updated 2024 Oct 2]. In: StatPearls [Internet]. Treasure Island 
(FL): StatPearls Publishing; 2025 Jan-. Available from: 
https://www.ncbi.nlm.nih.gov/books/NBK604463/ 

20)​ Jurkovicova, D., Neophytou, C. M., Gašparović, A. Č., & Gonçalves, A. C. (2022). DNA Damage 
Response in Cancer Therapy and Resistance: Challenges and 

Opportunities. International journal of molecular sciences, 23(23), 14672. 
https://doi.org/10.3390/ijms232314672 

21)​ Gasser, S., & Raulet, D. (2006). The DNA damage response, immunity and cancer. 
Seminars in cancer biology, 16(5), 344–347. 
https://doi.org/10.1016/j.semcancer.2006.07.004 

22)​ Wang, R., Sun, Y., Li, C., Xue, Y., & Ba, X. (2023). Targeting the DNA Damage Response for 
Cancer Therapy. International journal of molecular sciences, 24(21), 15907. 
https://doi.org/10.3390/ijms242115907 

23)​ Chen, Z., Xiao, Z., Gu, W. Z., Xue, J., Bui, M. H., Kovar, P., Li, G., Wang, G., Tao, Z. 
F., Tong, Y., Lin, N. H., Sham, H. L., Wang, J. Y., Sowin, T. J., Rosenberg, S. H., & Zhang, H. 
(2006). Selective Chk1 inhibitors differentially sensitize p53-deficient cancer cells to cancer 
therapeutics. International journal of cancer, 119(12), 2784– 2794. https://doi.org/10.1002/ijc.22198 

24)​ Yao, Y., Zhang, Q., Li, Z. et al. MDM2: current research status and prospects of tumor treatment. 
Cancer Cell Int 24, 170 (2024). https://doi.org/10.1186/s12935-024-03356-8 

25)​ Liu, B., Zhou, H., Tan, L. et al. Exploring treatment options in cancer: tumor treatment strategies. Sig 
Transduct Target Ther 9, 175 (2024). https://doi.org/10.1038/s41392- 
024-01856-7 

26)​ Seviour, E. G., & Lin, S. Y. (2010). The DNA damage response: Balancing the scale between cancer 
and ageing. Aging, 2(12), 900–907. 
https://doi.org/10.18632/aging.100248 

27)​ Czajkowski, D., Szmyd, R., & Gee, H. E. (2022). Impact of DNA damage response defects in 
cancer cells on response to immunotherapy and radiotherapy. Journal of medical imaging and 
radiation oncology, 66(4), 546–559. 
https://doi.org/10.1111/1754-9485.13413 

28)​ Karnitz, L. M., & Zou, L. (2015). Molecular Pathways: Targeting ATR in Cancer 
Therapy. Clinical cancer research : an official journal of the American Association for Cancer 
Research, 21(21), 4780–4785. https://doi.org/10.1158/1078-0432.CCR-15- 
0479 

29)​ Bayat Mokhtari, R., Homayouni, T. S., Baluch, N., Morgatskaya, E., Kumar, S., Das, B., & Yeger, H. 
(2017). Combination therapy in combating cancer. Oncotarget, 8(23), 38022–38043. 

28 
 

https://doi.org/10.1080/23723556.2022.2065176
https://www.ncbi.nlm.nih.gov/books/NBK9900/
https://doi.org/10.1111/1754-9485.13413
https://doi.org/10.1038/s41392-021-00648-7
https://doi.org/10.1101/cshperspect.a000745
https://www.ncbi.nlm.nih.gov/books/NBK604463/
https://doi.org/10.3390/ijms232314672
https://doi.org/10.1016/j.semcancer.2006.07.004
https://doi.org/10.3390/ijms242115907
https://doi.org/10.1002/ijc.22198
https://doi.org/10.1186/s12935-024-03356-8
https://doi.org/10.1038/s41392-024-01856-7
https://doi.org/10.1038/s41392-024-01856-7
https://doi.org/10.18632/aging.100248
https://doi.org/10.1111/1754-9485.13413
https://doi.org/10.1158/1078-0432.CCR-15-0479
https://doi.org/10.1158/1078-0432.CCR-15-0479


Biopress Journal of Advanced Pharmacology Vol.1 Issue. 3 (2025) 
 
 
 

https://doi.org/10.18632/oncotarget.16723 
30)​ Liu, R., Li, J., Shao, J., Lee, J. H., Qiu, X., Xiao, Y., Zhang, B., Hao, Y., Li, M., & 

Chen, Q. (2021). Innate immune response orchestrates phosphoribosyl pyrophosphate synthetases to 
support DNA repair. Cell metabolism, 33(10), 2076–2089.e9. https://doi.org/10.1016/j.cmet.2021.07.009 

29 
 

https://doi.org/10.18632/oncotarget.16723
https://doi.org/10.1016/j.cmet.2021.07.009

