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DESCRIPTION

Genomic instability refers to an increased tendency of the
genome to acquire genetic alterations during cell division. It is
considered one of the fundamental characteristics of cancer and
plays a central role in tumor initiation, progression, and
therapeutic resistance. Under normal physiological conditions,
cells possess highly efficient mechanisms that maintain genomic
integrity by accurately replicating Deoxyribonucleic Acid (DNA),
genetic material, and ensuring the faithful segregation of
chromosomes  during mitosis. When these protective
become  impaired, mutations accumulate
throughout the genome, leading to chromosomal abnormalities,
gene amplifications, deletions, translocations, and other
structural alterations that promote malignant transformation.
The continuous accumulation of genetic changes provides
cancer cells with evolutionary advantages that facilitate
uncontrolled growth, invasion, and adaptation to changing
environmental conditions.

mechanisms

Genomic stability is preserved through a complex network of
DNA repair pathways, cell cycle checkpoints, and chromosome
maintenance systems. DNA is continuously exposed to
endogenous and exogenous sources of damage, including
reactive oxygen species generated during cellular metabolism,
ultraviolet  radiation, ionizing radiation, environmental
chemicals, and replication errors. To counteract these insults,
cells utilize multiple DNA repair mechanisms such as base
excision repair, nucleotide excision repair, mismatch repair,
homologous recombination, and non-homologous end joining.
These pathways detect and repair damaged DNA before
mutations become permanently incorporated into the genome.
Failure of one or more repair systems significantly increases
mutation frequency and contributes to genomic instability.

Several forms of genomic instability have been identified in
human cancers. Chromosomal instability involves gains, losses,
or rearrangements of whole chromosomes or chromosomal
segments, resulting in aneuploidy and structural abnormalities.

Ludwig Maximilian University of Munich, Munich, Germany

Microsatellite instability arises from defects in the DNA
mismatch repair system, causing alterations in short repetitive
DNA sequences distributed throughout the genome. Elevated
mutation rates resulting from defective DNA repair represent
another form of genomic instability and contribute to the
accumulation of numerous point mutations across cancer
genomes. These different types of instability may coexist within
the same tumor, generating substantial genetic diversity among
cancer cells and influencing disease progression and therapeutic
response.

Numerous molecular abnormalities contribute the
development of genomic instability. Mutations affecting tumor
suppressor genes involved in DNA repair and cell cycle
regulation impair the ability of cells to recognize and repair
damaged DNA. Defective chromosome segregation during
mitosis may result in abnormal chromosome numbers and
structural rearrangements. Telomere shortening and dysfunction
also contribute to genomic instability by promoting chromosome
fusion and breakage during successive cell divisions. Oxidative
stress, chronic inflammation, and persistent exposure to
environmental mutagens further increase DNA damage and
overwhelm cellular repair mechanisms. Together, these
alterations create an environment in which genetic abnormalities

accumulate rapidly, accelerating the evolution of malignant cells.

to

In conclusion, genomic instability is a defining feature of cancer
that drives the accumulation of genetic alterations responsible
for tumor initiation, progression, metastasis, and therapeutic
resistance. Defects in DNA repair, chromosome maintenance,
and cell cycle regulation collectively contribute to this process
and create opportunities for malignant evolution. Continued
advances in molecular diagnostics and precision medicine are
improving the ability to detect genomic instability, identify high-
risk individuals, and develop targeted therapeutic strategies. A
deeper understanding of the mechanisms underlying genomic
instability will continue to enhance cancer prevention, early
diagnosis, and individualized treatment, ultimately improving
patient outcomes and advancing the field of oncology.
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