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DESCRIPTION biomarkers. Non coding RNAs, particularly MicroRNAs

The field of oncology has witnessed a profound transformation
with the integration of molecular and genomic insights into
cancer diagnosis, prognosis and therapy. Among these,
epigenetic biomarkers have emerged as a promising frontier,
offering a window into the dynamic regulation of gene
expression that underlies tumor development. Unlike genetic
mutations, epigenetic changes do not alter the DNA sequence
but instead modulate gene activity through mechanisms such as
DNA methylation, histone modification, chromatin remodeling
and noncoding RNAs. These modifications are often reversible
and context dependent, making them highly informative
indicators of cellular states and disease progression. DNA
methylation is the most extensively studied epigenetic
modification and has proven particularly valuable as a biomarker
in cancer. Hyper methylation of CpG islands within promoter
regions can silence tumor suppressor genes, contributing to
uncontrolled cell proliferation, evasion of apoptosis and
genomic instability. Conversely, global hypo methylation can
activate oncogenes and repetitive DNA elements, promoting
malignant transformation. For instance, hyper methylation of
the pl6INK4a geneis frequently observed in lung, pancreatic
and colorectal cancers, while BRCA1 promoter methylation
occurs in subsets of breast and ovarian cancers. The ability to
detect these methylation patterns in tumor tissue, blood, urine
or other bodily fluids has paved the way for non invasive
diagnostic approaches, commonly referred to as liquid biopsies.

Histone modifications also offer a rich source of epigenetic
biomarkers. Acetylation, methylation, phosphorylation and
ubiquitination of histone tails regulate chromatin structure and
accessibility,  thereby  influencing  gene  transcription.
Dysregulation of histone modifying enzymes, such as Histone
Deacetylases (HDACs) and methyl transferases, is frequently
observed in cancer. Overexpression of HDACs can lead to the
repression of tumor suppressor genes, while abnormal histone
methylation patterns are associated with aggressive tumor
phenotypes. Profiling histone modifications in tumors can
provide critical insights into disease stage, subtype and
therapeutic response, highlighting their potential as prognostic

(miRNAs) and Long Non Coding RNAs (IncRNAs), represent
another class of epigenetic biomarkers with growing clinical
miRNAs  regulate  gene  expression  post
transcriptionally, fine tuning oncogenic and tumor suppressive
pathways. Aberrant miRNA expression has been linked to tumor
initiation, progression, metastasis and therapy resistance.
Downregulation of miR 34a, a known tumor suppressor, is
observed in multiple malignancies and correlates with poor
prognosis. IncRNAs can interact with chromatin modifying
complexes to either repress or activate target genes, adding yet
another layer of epigenetic control. Detecting specific miRNA or
IncRNA signatures in tissue or circulating biofluids provides a
minimally invasive method to monitor tumor dynamics and
predict therapeutic outcomes.

relevance.

The utility of epigenetic biomarkers extends beyond diagnosis to
inform prognosis and guide treatment decisions. For instance,
patients whose tumors harbor hyper methylated MGMT
promoters in glioblastoma respond better to alkylating agents, as
silencing of this DNA repair gene sensitizes cancer cells to
chemotherapy. Similarly, epigenetic profiling can identify
patients likely to benefit from targeted therapies or
immunotherapy, facilitating precision medicine approaches.
Importantly, the reversible nature of many epigenetic alterations
has led to the development of therapeutic agents such as DNA
Methyl Transferase inhibitors (DNMTis) and HDAC inhibitors
(HDAC:s), which can restore normal gene expression and
enhance treatment efficacy. Integrating epigenetic biomarkers
with these therapies may enable real time monitoring of
treatment response and early detection of resistance. Tumor
heterogeneity, both within a single tumor and between patients,
complicates the identification of universal biomarkers.
Epigenetic modifications are also influenced by environmental
factors, aging and lifestyle, which may confound interpretation.
Additionally, standardization of detection techniques and
validation in large, diverse patient cohorts are essential to ensure
reliability and reproducibility. Advances in high throughput
sequencing, single cell analysis, and bioinformatics are gradually
addressing these limitations, enabling more precise mapping of
epigenetic landscapes in cancer.
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