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Abstract

ell survival and cell death are fundamental biological processes that maintain
tissue homeostasis and organismal development. Among the various forms of cell
death, apoptosis and necrosis represent two distinct mechanisms with different
molecular pathways and physiological consequences. Apoptosis is a highly
regulated process essential for embryonic development, immune system
regulation, and elimination of damaged cells, whereas necrosis is typically
associated with severe cellular injury and inflammatory responses. Genetic
mutations affecting cellular regulatory pathways can disrupt the balance between
proliferation and cell death, contributing to carcinogenesis and oncogenesis.
Carcinogenesis is a multistep process involving genetic and epigenetic alterations
that transform normal cells into malignant cells. Oncogenesis encompasses the
molecular mechanisms responsible for tumor initiation, progression, invasion, and
metastasis. Recent advances in molecular biology, genomics, and cancer research
have significantly improved understanding of these processes and facilitated the
development of targeted therapeutic strategies. This review examines the cellular
mechanisms of apoptosis and necrosis, the role of mutations in carcinogenesis, and
the molecular basis of oncogenesis.
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Introduction

Cellular homeostasis depends on a delicate balance between cell proliferation,
differentiation, and death. Normal tissues continuously remove aged, damaged, or
potentially harmful cells while replacing them with newly generated cells. This
balance is maintained through highly regulated molecular mechanisms.

Disruption of these mechanisms can result in pathological conditions
including degenerative diseases, autoimmune disorders, and cancer.[1,2,3,4,5]
Programmed cell death (apoptosis) and accidental cell death (necrosis) are central
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components of cellular biology. Their dysregulation contributes significantly to
tumor development and progression.[6,7,8,9,10]

Cancer remains one of the leading causes of morbidity and mortality
worldwide. Understanding the molecular relationship between mutations,
carcinogenesis, apoptosis, and oncogenesis is essential for developing effective
prevention and treatment strategies.[11,12,13,14]

Overview of Cell Death

Cell death is a physiological phenomenon necessary for tissue remodeling and
maintenance of cellular integrity.

Major forms include:

Apoptosis

Necrosis

Autophagy-associated cell death

Necroptosis

Pyroptosis

Among these mechanisms, apoptosis and necrosis remain the most extensively
studied.

Apoptosis: Programmed Cell Death

Apoptosis is a genetically regulated process that removes unnecessary or
damaged cells without inducing significant inflammation.

Characteristics include:

Cell shrinkage

Chromatin condensation

Nuclear fragmentation

Membrane blebbing

Formation of apoptotic bodies

Apoptotic cells are rapidly removed by phagocytes.

Physiological Functions of Apoptosis

Apoptosis plays essential roles in:

Embryonic Development

Removes excess cells during organ formation.

Immune System Regulation

Eliminates autoreactive lymphocytes.

Tissue Homeostasis

Maintains balance between cell proliferation and cell loss.

DNA Damage Control

Prevents propagation of genetically damaged cells.

Failure of apoptosis may promote tumor development.
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Molecular Pathways of Apoptosis
Intrinsic (Mitochondrial) Pathway
Activated by intracellular stress including:
« DNA damage
« Oxidative stress
« Hypoxia
« Radiation
Key regulatory proteins include:

« BAX
« BAK
« BCL-2

« Cytochrome c
Mitochondrial membrane permeabilization initiates activation of caspases.
Extrinsic (Death Receptor) Pathway
Triggered by extracellular signals.
Major receptors include:
Fas receptor (CD95)
TNF receptor
TRAIL receptors
Activation leads to caspase-mediated cellular destruction.
Caspases and Execution of Apoptosis
Caspases are cysteine proteases responsible for apoptotic execution.
Major groups:
Initiator Caspases
Caspase-8
Caspase-9
Executioner Caspases
Caspase-3
Caspase-6
Caspase-7
These enzymes degrade cellular proteins and nuclear components.
Necrosis: Uncontrolled Cell Death
Necrosis is generally caused by severe cellular injury.
Common causes include:
Ischemia
Trauma
Infection
Toxic chemicals

345



U S A g AMERICAN JOURNAL OF MULTIDISCIPLINARY BULLETIN
‘ ISSN: 2996-511X (online) | ResearchBib (IF) = 9.512 IMPACT FACTOR
IR (o

Volume-4| Issue-6| 2025 Published: |30-06-2026 |

Thermal injury

Unlike apoptosis, necrosis induces inflammation.
Cellular Features of Necrosis

Characteristic changes include:

Cell swelling

Organelle destruction

Membrane rupture

Cytoplasmic leakage

Inflammatory cell infiltration

These events often damage surrounding tissues.
Comparison Between Apoptosis and Necrosis

Feature Apoptosis Necrosis

Regulation Programmed Uncontrolled

Cell Size Shrinkage Swelling

Membrane Preserved

. oo Lost early
Integrity initially

Inflammation Minimal Marked

E ATP-

, nergy ATP-independent
Requirement dependent

Physiological

ySIologica Homeostasis Tissue injury

Role

Genetic Mutations and Cellular Transformation
Mutations are permanent alterations in DNA sequence.
They may occur due to:

Replication errors

Radiation exposure

Chemical carcinogens

Viral infections

Oxidative stress

Accumulation of mutations can transform normal cells into malignant cells.
Classification of Mutations

Point Mutations

Single nucleotide alterations.

Silent Mutations

No amino acid change.

Missense Mutations
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Alter amino acid sequence.

Nonsense Mutations

Create premature stop codons.

Chromosomal Mutations

Include:

Deletions

Duplications

Inversions

Translocations

These abnormalities frequently contribute to cancer development.

Carcinogenesis

Carcinogenesis is the process by which normal cells acquire malignant
characteristics.

It occurs through multiple sequential stages.

Initiation

Initial DNA damage caused by mutagens.

Genetic alterations become permanently incorporated into cellular
DNA.[35,36]

Promotion

Selective expansion of mutated cells.

Promoting factors may include:

Chronic inflammation

Hormonal stimulation

Environmental toxins

Progression

Accumulation of additional mutations increases malignancy.

Tumor cells acquire:

Invasive properties

Metastatic potential

Resistance to apoptosis

Molecular Basis of Carcinogenesis

Cancer develops through disruption of genes regulating:

Cell proliferation

DNA repair

Apoptosis

Differentiation

Three major gene classes are involved.

Proto-Oncogenes
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Normal genes regulating cellular growth.
Mutation converts them into oncogenes.[32,33,34]
Examples:
RAS
MYC
HER2
Activated oncogenes stimulate uncontrolled proliferation.
Tumor Suppressor Genes
These genes inhibit excessive cell growth.
Examples:
TP53
RB1
APC
Loss of function promotes malignant transformation.[29,30,31]
DNA Repair Genes
Responsible for maintaining genomic stability.
Defects increase mutation rates and cancer risk.
Role of p53 in Cancer Prevention
The p53 protein is often called the "guardian of the genome."
Functions include:
DNA damage detection
Cell cycle arrest
Apoptosis induction
Genomic stability maintenance
Mutations in TP53 are among the most common abnormalities observed in
human cancers.
Oncogenesis
Oncogenesis refers to the molecular events leading to tumor
formation.[26,27,28]
The process involves:
Genetic mutations
Epigenetic alterations
Cellular immortalization
Angiogenesis
Invasion

AN o M e

Metastasis
These mechanisms transform normal cells into malignant cells.
Hallmarks of Cancer
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Modern cancer biology recognizes several hallmarks of malignant
transformation.

These include:

Sustained proliferative signaling

Resistance to cell death

Unlimited replicative potential

Angiogenesis

Invasion and metastasis

Metabolic reprogramming

Immune evasion

These features collectively define cancer behavior.[22,23,24,25]

Tumor Microenvironment

Cancer progression is strongly influenced by surrounding tissues.

Components include:

Fibroblasts

Immune cells

Endothelial cells

Extracellular matrix

Interactions between tumor cells and the microenvironment promote disease
progression.

Clinical Significance

Understanding apoptosis, necrosis, and oncogenesis has major clinical
implications.

Applications include:

Cancer diagnosis

Prognostic assessment

Molecular targeted therapy

Immunotherapy development

Personalized medicine

Modern oncology increasingly relies on molecular characterization of
tumors.[8,19,20,21]

Emerging Therapeutic Approaches

Recent advances include:

Targeted Therapy

Selective inhibition of oncogenic pathways.

Immunotherapy

Enhancement of anti-tumor immune responses.

Gene Editing
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Potential correction of cancer-associated mutations.

Precision Medicine

Individualized treatment based on genetic profiles.

These innovations are transforming cancer management.[15,16,17]

Conclusion

Apoptosis and necrosis represent fundamentally different mechanisms of cell
death with important physiological and pathological implications. Proper
regulation of apoptosis is essential for maintaining tissue homeostasis and
preventing malignant transformation. Genetic mutations affecting oncogenes,
tumor suppressor genes, and DNA repair pathways contribute to carcinogenesis
and oncogenesis. Advances in molecular biology have significantly improved
understanding of cancer development and facilitated the emergence of targeted
therapies and precision medicine approaches. Continued research into cellular
death mechanisms and tumor biology will further enhance cancer prevention,
diagnosis, and treatment strategies.
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