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DNA-targeted drugs constitute a specialized category of pharmaceuticals developed for cancer treatment, directly
influencing various cellular processes involving DNA. These drugs aim to enhance treatment efficacy and minimize
side effects by specifically targeting molecules or pathways crucial to cancer growth. Unlike conventional
chemotherapeutic drugs, discoveries have yielded DNA-targeted agents with improved effectiveness, and a new
generation is anticipated to be even more specific and potent. The sequencing of the human genome in 2001
marked a transformative milestone, contributing significantly to the advancement of targeted therapy and precision
medicine. Anticipated progress in precision medicine is closely tied to the continuous development in the
exploration of synthetic lethality, DNA repair, and expression regulatory mechanisms, including epigenetic
modifications. The integration of technologies like circulating tumor DNA (ctDNA) analysis further enhances our
ability to elucidate crucial regulatory factors, promising a more effective era of precision medicine. The combination
of genomic knowledge and technological progress has led to a surge in clinical trials focusing on precision
medicine. These trials utilize biomarkers for identifying genetic alterations, molecular profiling for potential
therapeutic targets, and tailored cancer treatments addressing multiple genetic changes. The evolving landscape
of genomics has prompted a paradigm shift from tumor-centric to individualized, genome-directed treatments

based on biomarker analysis for each patient.

DNA-targeted drugs targeted therapy next generation sequencing PARP inhibitors

SLFN11 MGMT ATR kinase epigenetic modification

| 1. Introduction

DNA-targeted drugs are a class of pharmaceutical agents designed to interact with and modulate the activity of
DNA molecules within cells. These drugs are developed to treat various medical conditions, including cancer,
genetic disorders, and infectious diseases, by directly impacting DNA structure, replication, transcription, repair, or
other essential cellular processes involving DNA. DNA-targeting in cancer treatment aims to improve the
effectiveness of treatment and minimize side effects, as it targets specific molecules or pathways involved in

cancer growth and progression.

The inception of DNA-targeting cancer drugs traces back to Watson and Crick’s 1953 DNA structure revelation.
The foundational groundwork was established by early chemotherapy, including nitrogen mustards. Progress in

DNA replication and repair paved the way for drugs like etoposide in the 1970s.

https://encyclopedia.pub/entry/53556 1/10



Biology and Development of DNA-Targeted Drugs for Cancer | Encyclopedia.pub

Many drugs used in cancer treatments target DNA at the molecular level, considering it a non-specific target for
cytotoxic agents. While this holds true for conventional chemotherapeutic drugs, newer agents discovered in recent

times exhibit improved effectiveness [,

| 2. Understanding DNA Structure and Function

DNA is a complex molecule that carries genetic information in living organisms. It consists of two long strands
arranged in a double helix, with each strand composed of nucleotides containing a sugar, a phosphate group, and
one of four nitrogenous bases: adenine (A), thymine (T), cytosine (C), and guanine (G). Complementary base
pairing (A-T and C-G) allows DNA to replicate and transmit genetic information accurately during cell division.
DNA-targeted drugs exert their effects through various mechanisms, such as intercalation, alkylation,

topoisomerase inhibition, and DNA cross-linking.

The sequencing of the human genome in 2001 significantly contributed to the advancement of targeted therapy
and precision medicine [&. This milestone marked a profound understanding of the genetic structure of the human
body, enabling the identification of precise genetic mutations and variations responsible for the emergence and
evolution of various diseases, including cancer. The combination of knowledge about the human genome and
technological progress has spurred a proliferation of clinical trials in precision medicine in recent years. In these
trials, the utilization of various biomarkers aids in the identification of specific genetic alterations; molecular profiling

identifies potential therapeutic targets, and cancer treatments are tailored to address multiple genetic changes [El4],

| 3. Characterizing Cancers to Targeted Treatments

Next-generation sequencing (NGS) has revealed that genomic alterations in advanced cancers deviate from the
conventional categories established by the organ of tumor origin. In addition, NGS has brought to light the unique
and complex genomic and immune profiles of metastatic tumors, highlighting the importance of tailoring treatments
based on genomic analysis B8, Recent technological advancements have substantially reduced the cost and time
associated with sequencing, rendering it more accessible for researchers to undertake such studies and for

clinicians to apply the information in treating cancer.

Circulating tumor DNA testing, known as ctDNA, represents a further advancement in cancer characterization. This
non-invasive method is progressively employed to choose drugs and evaluate the response to treatment. As ctDNA
captures the genetic characteristics of the entire tumor and not just a single biopsy sample, it delivers a more
thorough understanding of the tumor’s genetic diversity. The process of ctDNA testing relies on detecting DNA that
has been released into the bloodstream from the patient’s tumor. This is particularly advantageous in cases where
the tumor exhibits multiple subclones . ctDNA testing serves as a valuable tool for monitoring the treatment
response, capable of identifying alterations in the levels of ctDNA in the bloodstream during the course of
treatment. It offers significant information about the dynamics of subclones within the tumor, guiding decisions on

therapeutic interventions &l In ctDNA analysis, the detection of BRCA1/2 mutations can guide treatment with
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PARP inhibitors, and the detection of DNA methylation of selected tumor suppressor genes can provide prognostic

information in various types of cancer.

| 4. Precision Medicine and Molecular Markers

Examples of effective targeted therapies tailored to molecular changes involve the design of tyrosine kinase
inhibitors for certain patient subsets, including chronic myelogenous leukemia, lung cancer, and melanoma patients
with tumors carrying translocated Bcr-Abl, mutated EGFR, and BRAF, respectively 2. Efforts to enhance the
applicability of this approach have led to the design of multiple clinical trials based on molecularly relevant
information. The goal is that these molecular targets might function as indicators that predict the tumor’s response
to pharmacological intervention. In precision oncology trials conducted until now, a striking trend has been the

extensive utilization of protein kinase inhibitors in the majority of study arms 19,

DNA-targeting drugs, including cisplatin, etoposide, topotecan, mitomycin C, and gemcitabine, which are pivotal in
cancer therapy, are not evaluated within precision oncology trials, except as constants maintained across all study
arms. The reason is grounded in various factors, including elevated risks and difficulties faced by clinicians and
institutions when sharing additional results related to existing drugs. Moreover, it takes into account patent status
and diminished profitability for the companies producing these pre-existing drugs. The efficacy of precision
medicine hinges on its capability to guide suitable treatments for patient groups that may derive benefits. The
widest application of this rationale is observed in the utilization of pre-existing drugs. There is no rationale for
assuming that these well-established drugs would be any less suitable than newer medications for a more targeted
application based on the molecular characteristics of a patient's disease. The pre-existing drugs, through

reassessment via precision medicine, may be repositioned to be more effective and less harmful.

Progress in genomics and comprehension of the molecular system’s involvement in cancer has given rise to
targeted therapies designed for specific molecular changes or biological characteristics. Genomics has revealed
the intricate nature of cancer as a complex disease, prompting a shift in treatment approaches. The emphasis is
transitioning from tumor types to individualized, genome-directed treatments based on biomarker analysis for each
patient. Recent treatment strategy involves (i) identifying the target genes or pathways, (i) exploring drugs that

affect these targets (enhancing or attenuating their effects), and (iii) identifying genes or pathways that predict
adverse events [L112][13]

| 5. Strategies for Incorporating Drugs That Target DNA
5.1. PARP Inhibitors

Extending the genetic inactivation of DNA repair genes to homologous recombination deficiencies (HRD) within
tumors, such as the inactivation of BRCA1, BRCA2, or PALB2, leads to increased susceptibility to PARP inhibitors,
cisplatin, and topoisomerase | inhibitors. The interaction of synthetic lethality has been thoroughly described in

cases of BRCA germline mutations and homologous recombination deficiencies (HRD) when employing PARP1
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inhibition (141, Activation of PARP1 occurs in response to DNA repair intermediates such as single-strand breaks
(SSB), triggering the synthesis of PAR (poly-ADP-ribose) polymers. Inhibitors like olaparib, niraparib, and rucaparib
effectively block the catalytic activity of PARP1, preventing auto-PARylation. Consequently, this interference
disrupts the coordination of DNA repair and enhances the stability of PARP1 binding to the DNA intermediate. The
immobilization of DNA-bound PARP-1 disrupts the progression of replication forks, a phenomenon known as
‘PARP trapping’, resulting in the accumulation of double-strand breaks (DSBs). In the context of BRCA deficiency,
where DSBs remain unrepaired, the accumulated DSBs ultimately trigger apoptosis specific to cancer cells 12!,

After several pre-clinical studies elucidated the mechanisms of action, PARPi quickly advanced to clinical trials.

PARP inhibitors, effective in specific contexts, face challenges in clinical use. Issues include resistance
development, limited applicability to specific genetic mutations, potential toxicity, high treatment costs, and the
ongoing need for optimal combination strategies, highlighting obstacles in their widespread therapeutic adoption

across various cancers.

5.2. SLFN11

The expression of SLFN11 is emerging as a promising predictive biomarker for sensitivity to DNA-targeted drugs,
as indicated by cell line data. SLFN11, originating from the German word “schlafen” meaning sleeping, has recently
been causally linked to irreversible cell cycle arrest triggered by various DNA replication inhibitors 18, Elevated
SLFN11 expression stands out as the major factor associated with responsiveness to DNA-damaging drugs,
encompassing topoisomerase | and Il inhibitors, alkylating agents, and DNA synthesis inhibitors. On the other
hand, the absence of SLFN11 has been linked to resistance to a wide range of DNA-damaging agents such as
fluoroindenoisoquinolines, nanoliposomal irinotecan, trabectedin, and platinum drugs, as well as PARPi 18I[171[18](19]
(20121](22][23] Following DNA damage, SLFN11 triggers early S-phase arrest and cell death, in contrast to SLFN11-
deficient cells, which exhibit a slower progression to G2-phase and a survival advantage. More precisely, it is
hypothesized that SLFN11 impedes replication by modifying the chromatin structure of replication forks following
the ATR-mediated replication stress response. This suggests that interaction functions enhance the stability of
paused replication forks within the intra-S and G2/M DNA damage checkpoints while also inhibiting the activation of
additional replication origins 24!, High levels of SLFN11 expression have recently been associated with increased

sensitivity to platinum-based chemotherapy in gastric and esophageal cancers [23123],

SLFN11, linked to drug sensitivity, faces clinical limitations. It exhibits tumor-specific effects, unclear mechanisms,
and challenges with heterogeneity. Resistance development, biomarker issues, and limited trials underline the

need for comprehensive research to optimize its therapeutic potential across diverse cancer types.

5.3. Methylguanine Methyltransferase (MGMT)

Methylguanine methyltransferase (MGMT), an established marker, is not widely employed in clinical practice.
MGMT, classified as a DNA repair enzyme, is present in many organs throughout the body, with its expression
differing from one organ and tissue to another. Expression of MGMT was reported to be lower in tumors such as

gliomas, lymphomas, breast cancer, prostate cancer, and retinoblastoma, most likely related to the methylation
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status of its promoter region 28, MGMT immunohistochemistry expression has revealed substantial correlations
with diverse glioma grades and subtypes, including lymphomas, thymic tumors, and pituitary tumors [27128](291(30]
MGMT is responsible for eliminating the O6-methylguanine lesions produced by temozolomide B Inhibition of
MGMT by several O6-guanine derivatives and related compounds has been explored and shown to enhance

temozolomide-induced cytotoxicity in cancer cells 22,

MGMT functions as a DNA repair enzyme that prevents the cross-linking of double-stranded DNA by alkylated
agents, reverses the alkylation of guanine at the O6 position, repairs DNA damage induced by drugs (including
alkylating agents), and contributes to resistance against alkylating drugs [23l. It also plays a role in the resistance of
DNA against alkylating anticancer drugs like temozolomide, a subject extensively studied to overcome these

therapeutic challenges.

5.4. Ataxia Telangiectasia and RAD3-Related (ATR) Kinase

The ataxia telangiectasia and RAD3-related (ATR) kinase serves as a pivotal kinase in the DNA damage response,
operating in proliferative cells during DNA replication. Its role is to secure the integrity of the genome and maintain
cell viability B4, ATR becomes activated in situations of DNA replication stress caused by various genotoxic
challenges that result in phenomena such as double-strand DNA breaks, stalling of replication forks, and single-
strand DNA/double-strand DNA junctions 43l Diverse lesions are transformed into single-strand DNA coated
with replication protein A, serving as the trigger to activate and recruit ATR to DNA damage sites. Once activated,
ATR works to protect genomic integrity and guarantee replication completion through various downstream effects.
These include slowing the progression of replication forks, suppressing replication origin firing, ensuring a sufficient
supply of deoxynucleotides, and predominantly inducing cell-cycle arrest through activation of the S—G2—-M cell-
cycle checkpoint. Hypomorphic ATR suppression in mice with oncogene-driven tumors has proven to be a potent
inhibitor of tumor growth. These findings imply that while ATR plays a crucial role in the proliferation and survival of
both normal and cancer cells, partial ATR inhibition may offer a promising avenue for anticancer therapy, ensuring

a therapeutic window for normal tissues B8I37],

Kinase inhibitors, including those targeting ATR, face challenges like off-target effects, resistance development,
and potential toxicity. Patient stratification and optimizing combination strategies are critical. Limited clinical data
and achieving CNS penetration add complexity, underscoring the need for ongoing research and comprehensive

clinical trials.

5.5. Binding Strength between Anticancer Drugs and DNA

The affinity between anticancer drugs and DNA significantly influences the biological activity of these drugs. The
development of an effective antitumor drug necessitates adjustments to physicochemical properties, such as
lipophilicity and base strength. These modifications are critical for protein binding and metabolism, alongside the
optimization of DNA-binding affinity and binding kinetics. Therefore, investigating the interaction between drugs

and DNA can provide a reliable approach for screening drugs using DNA probes. Several screening assays that
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use different instruments have been documented, offering a straightforward approach to assessing anti-drugs in
vitro. Recently developed metal nanoclusters constitute a fresh class of fluorescent nanomaterials, capturing
significant interest among researchers owing to their notable characteristics such as low toxicity, high fluorescent

yield, excellent photochemical stability, and compact sizes—especially silver nanoclusters 28139,

5.6. Targeting DNA Hypermethylation

The strategic use of nucleoside analogs to address DNA hypermethylation has proven to be an efficient method for
restructuring the epigenome of cancer cells. This intervention leads to a decrease in proliferation, better
differentiation, enhanced recognition by the immune system, and, ultimately, the death of cancer cells. DNA
methyltransferase inhibitors have been granted approval for the management of myelodysplastic syndromes,
chronic myelomonocytic leukemia, and acute myelogenous leukemia. To enhance clinical outcomes and counteract
drug resistance mechanisms, a second generation of DNA methyltransferase inhibitors has been formulated and is
currently undergoing clinical trials. While effective as monotherapy for hematologic malignancies, the capacity of
DNA methyltransferase inhibitors to collaborate with small molecules targeting chromatin or immunotherapy opens

up additional possibilities for their prospective clinical use against both leukemia and solid tumors 22411,

The epigenome collaborates with regulatory elements like transcription factors and noncoding RNAs to
synchronize various biological processes, fine-tuning the expression or repression of the genome. Cellular
signaling pathways and external stimuli further contribute to shaping epigenetics, yielding effects that are both
transient and enduring. Recognizing the pivotal role of epigenetics in shaping cell functions, a more profound
understanding of both normal and abnormal epigenetic processes is vital for unraveling the complexities of disease

development and contemplating potential treatments, including those for cancer 2],
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