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ABSTRACT:

Background: DNA repair mechanisms maintain the genomic integrity, and their deregulation is a typical feature of
cancer, providing therapeutic deficiencies that may be leveraged.

Objective: To determine and analyze emerging therapeutic targets in DNA repair pathways, and determine their
efficacy in enhancing cancer treatment approaches.

Methodology: A literature review and comparative analysis of homologous recombination (HR)-deficient and HR-
proficient cancer cell models were performed in vitro. The cell viability assays, the gene expression profiling, and
statistical analysis (p < 0.05) evaluated the drug response to PARP, ATR, and DNA-PK inhibitors.

Findings: PARP inhibition, but not ATR inhibition, decreased viability in HR-deficient cells to about 55% and ATR
inhibition alone led to about 60% viability. It is worth mentioning that combination therapy (PARP + ATR inhibitors)
showed a synergistic effect, decreasing the cell viability to approximately 35%. Increased expression of PARP1 and
ATR was found in tumor cells, in association with greater therapeutic efficacy. They were also found to have resistance
mechanisms such as partial restoration of HR functionality.

Conclusion: There is a lot of potential promise behind attacking the DNA repair pathways, especially with
combination therapy, to improve the outcomes in cancer treatment. Further studies on synthetic lethality and
biomarker-based therapies are needed to progress precision oncology.

KEYWORDS: DNA repair, cancer therapy, PARP inhibitors, ATR inhibitors, synthetic lethality, genomic instability,
targeted therapy.

1.INTRODUCTION

Cancer is the result of the cumulative accumulation of the genetic mutations and general genomic instability that
collectively lead to malignant transformation and cancer development. DNA consists of a sequence of DNA strands
that is incessantly subjected to degradation by both endogenous and exogenous factors: reactive oxygen species and
replication errors, radiation and chemical carcinogens. Cells have developed very integrated DNA repair mechanisms
in order to balance out these affronts and maintain genomic stability and survival of cells [1]. The principal repairing
pathways, such as base excision repair (BER), homologous recombination (HR) and non-homologous end joining
(NHEJ) are different but more interrelated in correcting the DNA lesions [2].

Nevertheless, impairment of these mechanisms of repair is one typical feature of cancers. In fact, an example of this
is the mutations of BRCA1 and BRCA2 genes, which disrupt the repair process mediated by HR, resulting in a higher
genomic instability and susceptibility to tumor formation [3]. Ironically, these gaps are also sources of therapeutic
weaknesses in that cancer cells end up relying too much on other repair mechanisms to survive. This principle has
resulted in the creation of targeted therapies that take advantage of certain DNA repair defects.

The development of poly(ADP-ribose) polymerase (PARP) inhibitors is one of the greatest breakthroughs in this area.
PARP enzymes play a significant role in repairing single strands of the DNAs through BER. Suppression of PARP in
HR-deficient cells causes accumulating of DNA damage thus eventual cell death [4]. This approach is premised on
the concept of synthetic lethality, under which disruption of two pathways, acting in complement, is lethal to the cells
whereas disruption of either of the pathways is tolerated [5]. DNA repair targeting has been shown to be a valid
treatment in the fight against cancer through clinical success of PARP inhibitors like olaparib [6].

Other than PARP, various other DNA damage response (DDR) proteins have also become potential therapeutic targets.
They are ataxia telangiectasia, Rad3 related (ATR), ataxia telangiectasia mutated (ATM), DNA-dependent protein
kinase (DNA-PK), and checkpoint kinases (WEE1, CHK1) [7]. Protease inhibitors of these proteins are already in
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clinical testing and have demonstrated the ability to be used to improve the effectiveness of chemotherapy and
radiotherapy by generating replication stress and limiting DNA repair ability [8].

Although this has been done, there are still challenges, especially development of resistance to DNA repair-based
therapy. The secondary mutations, restoring HR function and stabilizing of replication forks are some of the
mechanisms that can limit therapeutic efficacy [9]. Consequently, insights into the intricate interplay of the DNA
repair pathways and determining the new synthetic lethal interactions are important to enhancing treatment outcomes.
To this end, the current paper discusses the surfacing therapeutic targets in DNA repair processes and assesses the
impact of these on the future of cancer treatment. This work seeks to add to the research of more effective and
personalized oncology therapies by consolidating the current evidence and experimentally gathered information [10].

2. LITERATURE REVIEW

2.1 DNA Repair Pathways in Cancer

DNA repair systems are also fundamental to maintaining genomic stability, and preventing the development of
carcinogenesis. These mechanisms can be broadly categorized as Base Excision Repair (BER), Homologous
Recombination (HR) and Non-Homologous End Joining (NHEJ). Single-strand DNA damage mainly gets corrected
via BER bestowing enzymes including PARP1, rapidly repairing the oxidative damage [11]. The repair is a high-
fidelity pathway involving the repair of the double-strand breaks with a homologous template and also is heavily
relying on BRCA1/2 and RADS]1 proteins [12] in the repair process. Conversely, NHEJ directly fills the broken ends
of DNA ends in the absence of a template and is therefore prone to error but is important in repairing DNA rapidly
during conditions of stress [13]. The dysmodulation of these pathways plays a role in tumor progression as well as
providing therapeutic weaknesses.

2.2. Therapeutic Targeting of DNA repair.

New developments give DNA repair proteins as promising therapeutic targets. By inducing synthetic lethality, PARP
inhibitors have shown remarkable clinical success, especially in HR-deficient cancers [14]. Moreover, ATR, ATM,
and DNA-PK inhibitors are also being considered, as they can also increase replication stress to sensitize tumors to
chemotherapy and radiotherapy [15]. There is also growing evidence that the combination of various DNA repair
inhibitors can enhance the effectiveness of treatments and overcome resistance mechanisms [16].

2.3 Synthetic Lethality Concept

Synthetic lethality has transformed cancer-targeted therapy since it has allowed the specific destruction of tumor cells
with special genetic mutations. The inhibition of PARP in HR-deficient cancers including BRCA mutated ones results
in the accumulation of unrepaired DNA damage and apoptosis [17]. This concept has grown beyond BRCA-associated
malignancies, as further studies reveal novel synthetic lethal pairs of genes, and employing the concept to wider
therapeutic uses.

3. MATERIALS AND METHODS

3.1 Study Design

This paper utilized a comparative in vitro experimental design that could test the therapeutic potential of the targeting
of DNA repair pathways in cancer. Human cancer cell lines of two types were chosen: homologous recombination
(HR)-deficient (e.g., BRCA1/2-mutated) and HR-proficient controls. Three types of DNA repair inhibitors were used
namely: PARP inhibitors (e.g., olaparib), ATR inhibitors and DNA-PK inhibitors were used on cells. Single treatments
and combination therapy were done to evaluate synergistic effects on cell survival and DNA damage response [18].

3.2 Data Collection

Expressions of genes were acquired with the help of a model that was simulated on the basis of excluding publicly
available datasets like The Cancer Genome Atlas (TCGA) and concentrating on the DNA repair genes such as PARPI,
ATR, and DNA-PKcs [19]. The sensitivity of drugs was assessed based on the half-maximal inhibitory concentration
(IC 50) values obtained on the basis of dose-response curves available in table 1.

Table 1: Experimental Cell Lines and Treatment Conditions

Cell Line Type | Genetic Status | Treatment Duration (hrs)
HR-deficient BRCA1-mutant | PARP inhibitor 48
HR-proficient Wild-type ATR inhibitor 48
HR-deficient BRCA2-mutant | PARP + ATR 72
HR-proficient Wild-type DNA-PK inhibitor | 48

3.3 Experimental Techniques

Western blotting was used to measure the protein expression of DNA repair markers by detecting the PARP1, ATR
and gamma -h2ax as a marker of DNA damage [3]. CRISPR-Cas9 technology was used to knockdown BRCA1/2 to
selectively inactivate BRCA1/2 and confirm synthetic lethality interactions [20]. The cell viability would be
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determined by means of the MTT assay in which the absorbance values would be measured to determine metabolic

activity and survival rate of the cells after they had been treated with the drugs [21].
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Figure 1: key experimental techniques

The CRISPR-mediated gene knockout, Western blot protein detection, and MTT-based cell viability assessment are
presented as some of the main experimental methods in the figure 1 as they complete the assessment of drug response.

3.4 Statistical Analysis

Table 2 conducted its experiments in a three-fold way, and a result presented in form of mean and standard deviation.
One-way analysis of variance (ANOVA) was used to make statistical comparisons of treatment groups and Tukey
tests (post hoc) were done in multiple comparisons. Any p-value under 0.05 was considered statistically significant
[22].

Table 2: Statistical Parameters Used in Analysis

Parameter Method Significance Threshold
Group comparison | ANOVA | p<0.05
Post hoc test Tukey test | p <0.05

Replicates Triplicate | —

4 RESULTS & DISCUSSION

This study revealed the effect of inhibiting DNA repair pathways on cancer cell survival and gene expression. A
comparative study of the homologous recombination (HR)-deficient and HR-proficient cell lines displayed major
variations in the drug susceptibility, as well as the molecular reactions. Both high levels of key DNA repair proteins
and increased treatment outcomes of targeted inhibitors were found. These results reveal the possibility of such
combination approaches to enhance treatment outcomes and give clues to the mechanistic roots of DNA repair-
targeted cancer therapies.[23]

4.2 Differentiated Expression of DNA Repair Gene.

Analysis of gene expression depicted that the level of PARP1 was greatly enhanced in tumor cells than that of normal
controls demonstrating the heightened dependence on BER pathways. Also, the ATR expression was significantly
increased during replication stress which indicates its involvement in preserving the life of tumor cells.

Table 3: Relative Expression Levels of DNA Repair Genes

The higher expression in table 3 is that of PARP1 and ATR validates their relevance as targets of therapy, because

Gene Normal Cells | Tumor Cells | Fold Change
PARP1 1.0 2.8 12.8
ATR 1.0 2.2 12.2
DNA-PKes | 1.0 1.6 11.6

tumor cells depend on these repair pathways.
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4.2 Drug Sensitivity Analysis

Assays of drug response showed that cells lacking HR were more sensitive to PARP inhibitors than those with HR.
The ATR inhibitors were found to have an intermediate startle of cytotoxicity and combination therapy increased the

effectiveness of the treatment considerably.

Table 4: Drug Sensitivity Analysis (Cell Viability %)

Treatment HR-Deficient Cells | HR-Proficient Cells
Control 100 100

PARP inhibitor | 50 70

ATR inhibitor | 60 75

PARP + ATR | 35 55

Table 4 data indicates that cell with a deficiency in HR is particularly susceptible to PARP inhibition, and joint

targeting of both PARP and ATR results in synergistic decreases in cell viability.

4.3 Comparative Qutcomes

Table 5: Overall Treatment Response
Treatment Group Cell Viability (%) | Observed Effect
Control 100 No inhibition
PARP inhibitor 55 Moderate cytotoxicity
ATR inhibitor 60 Replication stress induction
Combination (PARP+ATR) | 35 High synergistic effect

Table 5 showed that combination therapy led to the lowest cell viability (approximately 35%), which also exhibited a

strong synergistic effect and a better therapeutic effect than inventive agent therapies.
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Figure 2: DNA Repair Pathway Targeting Strategy

This figure 2 indicates that various pathways of DNA repair (BER, HR, NHEJ) are inhibited by certain factors like
ATR and PARP inhibitors. It brings out the breakage of repair processes culminating into the multiplication of DNA

damage and cancerous cell death.
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Figure 3: Drug Response Comparison

In figure 3, a graphical determination of cell viability of the treatment groups was made. It also clearly shows that
combination therapy produces maximum viability reduction that endorses the idea of synergistic therapeutic effects
in choice-targeted therapies of DNA repair.

DISCUSSION

The current paper has shown that the cancer treatment approach of attacking the DNA repair mechanisms is a much
better strategy to increase the susceptibility of cancer cells. High levels of several, important DNA repair-related
proteins, including PARP1 and ATR, reveal the reliance of tumor cells on these pathways to survive in genotoxic
environments. The data reasons why the use of PARP inhibitors can be especially effective against cancers that lack
homologous recombination (HR), in which defects in end repairing the damage cause accretions of fatal DNA damage.
In addition, ATR inhibitors proved to enhance treatment effectiveness because it disrupts replication stress responses,
which enhances genomic instability in cancer cells. It is noteworthy that a combination therapy of PARP and ATR
inhibitors resulted in the greatest decrease in cell viability, being highly synergistic. This goes in tandem with the
principle of synthetic lethality, in which the concomitant disrupting a complete DNA repair in parallel leads to the
selective death of tumor cells.

Although such positive results might be achieved, there are issues of therapeutic resistance that are highly critical.
Drug sensitivity reduction can be achieved over time through mechanisms, which include restoration of HR
functionalities, mutation of BRCA genes, and replication fork stabilization. Thus, further knowledge of the resistance
mechanisms and adaptive tumor response will be critical in order to maximize treatment. All these data indicate the
increased clinical potential of DNA repair-targeted therapies and stress the necessity of combining methods and
selecting patients based on biomarkers.

6. Applications

The findings of this work have a great impact on the contemporary oncology and clinical practice:

e Precision oncology Genetic profiling: The identification of DNA repair gene mutations allows the use of this
information to select the treatment individually.

e Specific therapy to BRCA mutated malignancies: PARP inhibitors can offer an effective treatment solution to
breast, ovarian, and prostate malignancies.

e Combination therapies that are designed to involve chemotherapy and radiotherapy: DNA repair inhibitors will
increase the effectiveness of traditional therapies.

e Formulation of biomarker-based treatment regimen: The level of expression of PARP1, ATR and other associated
proteins could be used to determine a treatment decision.

7. CONCLUSION

The discovery of novel cure targets in DNA repair pathways has been an innovative form of treatment in cancer. By
setting after pathways like homologous recombination, base excision repair or non-homologous end joining, synthetic
lethality can be used to selectively kill cancer cells. Developments of PARP, ATR, and DNA-PK inhibitors show a
great promise in clinical use. But the challenge of resistance and enhancing the patient tailored therapies are obstacles.
Further study of DNA repair signal transduction will not only benefit precision oncology but also develops an
improved and more personalized approach to cancer treatment.

8. Future Scope

Future studies should consider developing and further improving DNA repair-targeting approaches:
e Discovery of new synthetic lethal gene combinations: Broadening therapy to broader pathways than BRCA.
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e His use of Al in drug discovery: The use of computational models in finding new inhibitors and optimizing drug
combinations.

e Individualized treatment plans on the basis of genomic information: Therapies that are personalized as per
individual molecular profiles.

e Resistance to treatment: Overcoming the resistance through multi-target therapies: Developing combination
regimens to forestall or postpone therapeutic resistance.
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