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DESCRIPTION

Cancer, a multifaceted disease characterized by uncontrolled
cellular proliferation, has traditionally been associated with
genetic mutations. While genomic alterations such as point
mutations, insertions, deletions and  chromosomal
rearrangements undeniably contribute to tumor initiation and
progression, recent research underscores the pivotal role of
epigenetic modifications in shaping cancer biology. Epigenetics,
broadly defined as heritable changes in gene expression that do
not involve alterations in the DNA sequence itself, provides an
additional layer of complexity that profoundly influences tumor
development, therapeutic resistance and disease prognosis. At
the core of epigenetic regulation are mechanisms such as DNA
methylation, histone modification, chromatin remodeling and
non coding RNAs. DNA methylation, the addition of a methyl
group to cytosine residues in CpG dinucleotides, is one of the
most extensively studied epigenetic alterations in cancer.
Aberrant hyper methylation of promoter regions can silence
tumor suppressor genes, effectively removing critical checks on
cell growth and apoptosis. Conversely, global hypo methylation
can lead to genomic instability by activating transposable
elements and oncogenes, thus providing a permissive
environment for malignant transformation. For instance, hyper
methylation mediated silencing of genes such as pl16INK4a and

BRCAI has been implicated in multiple cancer types,
highlighting the functional importance of epigenetic
dysregulation.

Histone modifications further contribute to the epigenetic
landscape of cancer. Histones, the protein cores around which
DNA is wrapped, can undergo post translational modifications
including acetylation, methylation, phosphorylation and
ubiquitination. These modifications alter chromatin structure,
influencing the accessibility of transcriptional machinery to
DNA. Dysregulation of histone modifying enzymes, such as
Histone Deacetylases (HDACs) and histone methyl transferases,
has been observed in diverse malignancies. Overexpression of
HDAGC:S in certain lymphomas results in the repression of genes
involved in differentiation and apoptosis, promoting a malignant
phenotype. Importantly, the reversible nature of these
modifications renders them attractive targets for therapeutic

intervention. Another critical dimension of cancer epigenetics
involves non coding RNAs, particularly MicroRNAs (miRNAs)
and Long Non Coding RNAs (IncRNAs). These RNA molecules
modulate gene expression post transcriptionally, often fine
tuning oncogenic or tumor suppressive pathways. Altered
expression of miRNAs can lead to the downregulation of tumor
suppressors or upregulation of oncogenes, creating a pro
tumorigenic environment. Similarly, IncRNAs can interact with
chromatin modifying complexes to either promote or repress
gene transcription. The emerging understanding of non coding
RNAs highlights the intricate interplay between genetic and
epigenetic regulation in cancer biology.

This reversibility offers exciting therapeutic potential. Epigenetic
therapies, including DNA Methyl Transferase inhibitors
(DNMTis) and HDAC inhibitors (HDACis), have already
demonstrated  clinical efficacy in certain hematologic
malignancies. These agents can reactivate silenced tumor
suppressor genes, restore normal cell cycle control and sensitize
cancer cells to conventional chemotherapy or immunotherapy.
Furthermore, the combination of epigenetic drugs with targeted
therapies is being actively explored, reflecting a paradigm shift in
cancer treatment strategies that leverage the plasticity of the
epigenome. Beyond therapy, epigenetic alterations hold
significant promise as biomarkers for cancer detection, prognosis
and treatment response. Aberrant DNA methylation patterns
can serve as early indicators of malignancy, often detectable in
blood, urine, or other body fluids, facilitating non invasive
liquid biopsies. Similarly, histone modification signatures and
non coding RNA profiles can provide insights into tumor
subtype classification, disease progression and potential
therapeutic vulnerabilities. Integrating epigenetic biomarkers
into clinical practice has the potential to enhance precision
medicine approaches, allowing treatments to be tailored to the
unique epigenomic landscape of individual patients. The
heterogeneity of epigenetic changes across tumors and even
within a single tumor poses significant obstacles to both research
and clinical application. Moreover, while epigenetic therapies
have shown promise, their systemic effects can impact normal
cells, leading to toxicity and limiting therapeutic windows. A
deeper mechanistic understanding of epigenetic regulation in
cancer.
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