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DESCRIPTION

Cancer is fundamentally a disease of dysregulated cellular
growth and survival. While much attention has historically
focused on the activation of oncogenes, the inactivation of
Tumor Suppressor Genes (TSGs) plays an equally critical role in
tumor initiation and progression. Tumor suppressor genes act as
the cellular brakes controlling cell cycle progression, promoting
DNA repair, and initiating apoptosis when cellular damage is
irreparable. When these genes are silenced or lost, cells gain the
ability to proliferate uncontrollably, resist death signals and
accumulate genetic abnormalities, setting the stage for malignant
transformation. Tumor suppressor gene silencing can occur
through multiple mechanisms, broadly categorized into genetic
and epigenetic processes. Genetic mechanisms include point
mutations, deletions or chromosomal rearrangements that
physically inactivate the gene or disrupt its function. However, a
significant proportion of TSG inactivation in human cancers
occurs through epigenetic silencing. Epigenetics refers to
heritable changes in gene expression that occur without
alterations to the underlying DNA sequence. In the context of
tumor suppressor genes, epigenetic mechanisms such as DNA
methylation, histone modifications and the action of non coding
RNAs can effectively turn off these critical genes, allowing cells
to bypass growth controls.

DNA methylation is one of the most widely studied mechanisms
of tumor suppressor gene silencing. This process involves the
addition of a methyl group to cytosine residues within CpG

islands, often located in gene promoter regions. Hyper
methylation of these regions prevents the binding of
transcription factors and recruits proteins that compact

chromatin, leading to transcriptional repression. Numerous
tumor suppressor genes are frequently hyper methylated in
human cancers. For example, pl16INK4a, a key regulator of the
G1 S cell cycle checkpoint, is often silenced in cancers such as
melanoma, lung and pancreatic carcinoma. Similarly, BRCAI, a
critical gene in DNA undergoes promoter hyper
methylation in subsets of breast and ovarian cancers, mimicking
the effects of inherited mutations. These epigenetic alterations

repair,

are particularly insidious because they are reversible, unlike
permanent genetic mutations and can contribute to the
heterogeneity observed within tumors. Histone modifications
provide another layer of tumor suppressor gene regulation.
Histone proteins, around which DNA is wound to form
nucleosomes, can undergo chemical modifications such as
methylation, acetylation, phosphorylation and ubiquitination.
These modifications influence chromatin structure and
consequently, gene accessibility. For instance, histone
deacetylation mediated by Histone Deacetylases (HDACs) can
lead to a closed chromatin state, silencing tumor suppressor
genes. Conversely, loss of histone methyl transferases or
demethylases may disrupt the balance of activating and
repressive marks, contributing to TSG inactivation. The
interplay between DNA methylation and histone modification
often reinforces gene silencing, creating a robust mechanism by
which tumor suppressor genes can be stably turned off in cancer
cells.

Non coding RNAs, including MicroRNAs (miRNAs) and Long
Non Coding RNAs (IncRNAs), are emerging as additional
regulators of tumor suppressor gene activity. miRNAs can bind
to messenger RNAs derived from TSGs, promoting their
degradation or preventing translation. Dysregulated miRNA
expression in cancer can lead to the downregulation of multiple
tumor suppressors simultaneously. Similarly, IncRNAs can
interact with chromatin modifying complexes or transcriptional
machinery to repress TSG expression, providing yet another
layer of regulatory control. The combinatorial effects of these
mechanisms make tumor suppressor gene silencing a central
feature of cancer biology. The clinical implications of tumor
suppressor gene silencing are significant. Silencing of TSGs
contributes not only to tumor initiation but also to disease
progression, metastasis and therapeutic resistance. For instance,
loss of TP53, the guardian of the genome, is associated with
poor prognosis and resistance to chemotherapy in multiple
cancer types. Recognizing the role of epigenetic silencing has
spurred the development of therapeutic strategies aimed at
reactivating tumor suppressor genes.

Correspondence to: Elena Rossi, Department
elena.rossi@gmail.com

of Molecular Oncology, International Cancer Research Institute, Rome, Italy, E-mail:

Received: 01-Sep-2025, Manuscript No. EROA-25-39577; Editor assigned: 03-Sep-2025, PreQC No. EROA-25-39577 (PQ); Reviewed: 16-Sep-2025,
QC No. EROA-25-39577; Revised: 23-Sep-2025, Manuscript No. EROA-25-39577 (R); Published: 01-Oct-2025, DOI: 10.35248/EROA.25.7.227

Citation: Rossi E (2025). Epigenetic and Genetic Mechanisms of Tumor Suppressor Gene Inactivation. ] Epigenetics Res. 7:227.

Copyright: © 2025 Rossi E. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which
permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

] Epigenetics Res, Vol.07 Iss.03 No:1000227



	Contents
	Epigenetic and Genetic Mechanisms of Tumor Suppressor Gene Inactivation
	DESCRIPTION


