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DESCRIPTION
Cell migration is a central process in biology, essential for 
numerous cellular functions such as tissue formation, immune 
response and repair. It involves the coordinated movement of 
cells from one site to another, directed by complex signaling 
networks and structural adjustments. Effective migration relies 
on the precise regulation of the cytoskeleton, adhesion 
machinery and interactions with the surrounding environment. 
Understanding how cells move offers important insights into 
how tissues organize, maintain function and respond to damage. 
The cytoskeleton forms the backbone of cell migration. Actin 
filaments, microtubules and intermediate filaments work 
together to generate forces and maintain shape. Actin filaments 
extend at the leading edge to form protrusions like lamellipodia 
and filopodia, which explore the surrounding space and sense 
directional cues. Microtubules provide support and facilitate the 
transport of organelles and signaling molecules, while 
intermediate filaments stabilize the cell and help it withstand 
mechanical stress during movement. The interplay among these 
components allows cells to navigate efficiently while maintaining 
structural integrity.

Adhesion to the extracellular environment is another critical 
factor. Cells form temporary connections with surrounding 
surfaces through specialized adhesion structures that link the 
cytoskeleton to external matrix components. These adhesions 
provide traction to push the cell forward and release at the rear 
to allow continuous movement. The strength and timing of 
these interactions are carefully controlled; overly strong 
adhesions slow migration, while weak adhesions reduce 
directional efficiency. Molecules such as integrins act as sensors, 
guiding cells in response to mechanical and chemical cues in 
their environment. Cells rely on external signals to navigate. 
Chemical gradients guide migration through chemotaxis, where 
receptors detect specific molecules and trigger intracellular 
pathways that orient movement. Similarly, mechanical features 

of the environment, such as stiffness and topography, influence 
migration through mechanosensing. These mechanisms allow 
cells to move accurately toward target sites or away from harmful 
conditions, adapting their trajectory based on multiple 
simultaneous cues.

Mesenchymal movement is elongated, adhesive, and often 
involves remodeling of surrounding matrices, while amoeboid 
movement is rapid and flexible, with cells squeezing through 
spaces with minimal structural alteration. Cells can switch 
between these modes depending on the conditions they 
encounter, showcasing their adaptability and resilience. This 
versatility ensures that they can navigate various tissue 
architectures and overcome obstacles in their path. 
Communication between cells is equally important. In collective 
migration, groups of cells move together, coordinating through 
mechanical and chemical signals to maintain cohesion. Leader 
cells at the forefront sense directional cues, while follower cells 
transmit forces and maintain group integrity.

This coordinated movement is vital for processes such as tissue 
repair and epithelial remodeling, where effective organization 
requires both individual responsiveness and group-level 
synchronization. Cells that move uncontrollably and contribute 
to tissue dysfunction and disease progression. Studying the 
mechanisms of migration provides insight into how cells 
respond to both normal and abnormal stimuli. Techniques 
including live-cell imaging, molecular perturbation and 
computational modeling allow researchers to dissect the 
interactions between signaling pathways, cytoskeletal dynamics 
and extracellular cues that drive movement. Migration is highly 
versatile. Mesenchymal movement involves elongated cells that 
rely on adhesion and matrix remodeling, whereas amoeboid 
migration is faster and more flexible, allowing cells to squeeze 
through tight spaces with minimal degradation of the 
surrounding matrix. Cells can switch between these modes in 
response to environmental constraints, reflecting an adaptive 
strategy that balances speed, efficiency and tissue integrity.
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