
Abstract
Cell signalling pathways are crucial for regulating a wide range of cellular processes, including growth, differentiation, 

metabolism, and apoptosis. These pathways enable cells to respond to external stimuli and communicate with their 
environment, ensuring proper cellular function and maintaining homeostasis. This review provides an overview of key 
cell signalling pathways, their mechanisms, and their implications for health and disease. We explore classic signalling 
pathways such as the MAPK/ERK pathway, the PI3K/AKT pathway, and the Wnt pathway, as well as emerging 
pathways and their roles in various biological contexts. The review also discusses recent advances in the field and 
highlights future directions for research.
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Introduction
Cell signalling pathways are essential for maintaining cellular 

homeostasis and orchestrating complex biological processes. These 
pathways involve a series of molecular events that transmit signals from 
the cell surface to the nucleus, ultimately influencing gene expression 
and cellular behavior. The study of cell signalling has provided insights 
into the mechanisms underlying cellular responses to environmental 
changes, development, and disease. Understanding these pathways is 
crucial for identifying therapeutic targets and developing interventions 
for various diseases, including cancer, cardiovascular disorders, and 
neurodegenerative diseases. The MAPK/ERK (Mitogen-Activated 
Protein Kinase/Extracellular Signal-Regulated Kinase) pathway is a key 
signalling cascade involved in regulating cell growth, differentiation, 
and survival. It is activated by various growth factors and mitogens, 
leading to a series of phosphorylation events that ultimately activate 
ERK proteins. Activated ERK translocates to the nucleus, where it 
regulates the expression of genes involved in cell proliferation and 
differentiation. Dysregulation of the MAPK/ERK pathway is associated 
with various cancers and developmental disorders, making it a 
prominent target for therapeutic intervention [1].

The PI3K/AKT (Phosphoinositide 3-Kinase/Protein Kinase B) 
pathway is crucial for regulating cell metabolism, growth, and survival. 
Activation of PI3K leads to the production of phosphatidylinositol 
(3,4,5)-trisphosphate (PIP3), which recruits and activates AKT. 
Activated AKT then phosphorylates a range of substrates involved 
in promoting cell survival and growth. The PI3K/AKT pathway 
is frequently dysregulated in cancer, leading to uncontrolled cell 
proliferation and resistance to apoptosis. Targeting this pathway 
has shown promise in cancer therapy and other diseases. The Wnt 
signalling pathway plays a critical role in cell fate determination, tissue 
homeostasis, and stem cell maintenance. The pathway is activated by 

cancers, and targeting this pathway has therapeutic potential [3].

Cell signalling pathways are fundamental to the complex 
orchestration of cellular processes that maintain homeostasis, regulate 
development, and respond to environmental stimuli. These pathways 
involve a series of molecular interactions that transmit signals from 
the cell surface to the nucleus, orchestrating a wide range of cellular 
activities such as proliferation, differentiation, metabolism, and 
apoptosis. Through these signalling cascades, cells can communicate 
with their environment, adapt to changes, and ensure proper 
functioning and survival.

The concept of cell signalling has evolved significantly since its 
early discoveries, revealing a sophisticated network of intracellular 
and extracellular interactions. At the core of these pathways are signal 
transduction mechanisms, which convert extracellular signals into 
specific cellular responses. These mechanisms often involve receptors 
on the cell surface that, upon binding to their ligands, activate 
intracellular signalling proteins. These proteins then relay the signal 
through a cascade of phosphorylation and dephosphorylation events, 
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