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Social Behaviour of Cells 
 

Perhaps the most fascinating thing about biology is how a one-dimensional array like our genome encodes for 
something as unique, variable and as complex as the human body!  How can a single inherited entity cause the 
appearance of the Hapsburg lip?  Part of the answer is the phenomenon of cell behaviour; the integration of cell 
locomotion and gene expression with signals sent and received by cells in the body.  Now that the human genome is 
complete (an outstanding achievement in itself), an even bigger challenge is to work out how this results in the 
complete working human being, and further to establish what goes wrong in disease and (in the future) how to fix it! 
The bodies of metazoans are of course composed of individual cells of many different types.  In vertebrates the main 
cell types are mesoderm endoderm and neurons.  It is the behaviour of these cells and how they interact with other cell 
types that mould and form our bodies especially during development but also in wound healing and in general tissue 
turnover.  The behaviour of cells seems to be guided by intelligence but of course is rather the result of the interaction 
of the huge variety of gene products that each cell type expresses that "programs" the behaviour that we can observe in 
vitro .  
 
Haptotaxis 
Cells may gather in a particular location because the substrates adhesive properties.  Given a situation where a surface 
has a gradient of adhesiveness cells will accumulate in a band of intermediate adhesion when randomly seeded.  Those 
cells that found themselves in areas of low adhesion would struggle to move at all similarly those cells that landed on 
regions of high adhesion also could not move.  In the intermediate range cells would move to the mid point as any 
movement in this direction would result in the largest displacement (Figure 36). 

Haptotactic mechanisms occur in organisms where extracellular material is lain down by some cells types which is then 
suitable for the adhesion of others.  A striking example of this occurs in the retinotectal axon (more about this later). 
 
Movement in 3-D 
The vast majority of studies of cell locomoting are performed for our convenience on 2-D substrates so that we can 
clearly see them.  Some of the cell locomotion that takes place in our bodies is also in 2-D as cells crawl over layers of 
other cells, however many cell routinely crawl through cells and the extra-cellular matrix arranged as a 3-D matrix.  
Certain cell type such as normal endothelial cannot locomote in 3-D and are thus programmed to surround other tissue 
growing as sheets.  Neutrophils and fibroblasts actively invade 3-D gels in vivo and in vitro .   

Wound Healing and Contraction 
The invasion of matrices by fibroblasts and neutrophils is an important part of the wound healing process.  Fibroblasts 
are generally sessile and quiescent but on wounding they are stimulated to migrate into the wound synthesis collagen, 
proliferate and differentiate into myo-fibroblast.  The myo-fibroblast cells resemble smooth muscle cells being rich in 
sacromeric  structures  akin to  super-stress  fibres.  These  myo-fibroblasts  then  contract  pulling  the  wound together,  
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Figure 36.  Haptoxis.  Cells tend to move from 
areas in which the adhesion is just large enough 
for locomotion into regions of higher adhesion 
because every movement in this direction is 
reinforced.  Cells then migrate through the region 
the affords the best adhesion for motility but keep 
going towards high adhesion because every 
advance in this direction is not likely to be 
reversed.  Cells accumulate in regions from 
which they cannot escape. 
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Figure 37  Fibroblasts in matrices become morphologically very 
complex with many filopodia projecting forward and making 
adhesions with the matrix.  Fibroblasts may remodel the matrix as 
they pass through, digesting some collagen fibres and laying 
down fre sh fibres.   
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neutrophils and monocytes are drawn into the area to mop up any bacteria that have entered the wound by material 
liberated from red blood cells and from products of the fibrin reaction.  Monocytes differentiate into macrophages 
which then clean up debirs. 

A. 
 
Contact Guidance 
The locomotory pattern or habit of many cell types are sensitive to the topology of the surface across which they are 
travelling.  This is contact guidance.  Fibroblasts and grooved surface of ligaments, fibroblasts on oriented collagen gels 
(Dunn & Ebendal, 1972).   
 

 
 
 
 
 
Fibroblasts within collagen gels contract and in doing so pull on the fibres bringing them into a more parallel 
arrangement (Figure 40).  This parallel arrangement encourages more fibroblasts into the region as they become guided 
by the aligned collagen fibres.  Also cells may crawl along single larger fibres and be forced to move only in forward or 
backward (as in Figure 39 B, right).  This combined with chemotactic signals may amount to a powerful influence.   

Figure 41.  Contraction of random gels (A) by fibroblasts pull the fibres into a more parallel arrangement (B). 

 Figure 38  A. Neutrophils invade gels by 
being able to produce "waists", that is 
constrictions that spontaneously appear in 
the cortex as it forms at the anterior.  B. in 
gels neutrophils push pseudopods through 
constrictions in the matrix and these 
balloon out as cyotsol is forced through 
from the contracting rear.  The constriction 
thus travels down the length of the cell and 
this pushes the cell forward if the 
constriction is wedged into a constriction 
in the matrix.  The constriction is similar to 
the contractile ring that cells develop to 
complete cell division but there is no 
particular increase in myosin II. 
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Figure 39 A.  Cell align perpendicularly with 
respect to the grooves when they are finely spaced 
(top), but align parallel to grooves when they are 
spaced more widely (mid. & bottom). 

B.  Cell allign and locomote randomly when settled on larger bore 
fibres but align in parallel with fine filaments and migrate up and 
down these fibres. 
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Asbestos is a serious contributory factor in the development of lung cancer.  Two separate mechanisms are believed to 
be causal in this process.  Cytokinesis may be physically impaired (Figure 42) and a normal cell behaviour "anchorage 
dependence" may be subverted leading to oncogenesis (Figure 43).  

Anchorage in dependent growth 
Most metazoan cell type require a surface on which to flatten out and divide, even if the final stage (cytokinesis) is to all 
but loose contact with it.  This is anchorage dependence of growth, a control to cell division that many transformed cells 
loose. Anchorage dependence is at least a two part phenomenon. 

  
ββ -catenins and the Wnt signalling pathway 
Cells within tissues stay there largely because they make tight adhesions with their neighbours.  Not only are they 
physically attached and so less likely to metastasis, but the adhesions form a signalling pathway from these adhesions.   
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Figure 42.  The disruption of cytokinesis by 
asbestos fibres and the resulting aneuploidly and 
genetic instability.  Asbestos fibres gain entry to the 
cytosol by being phagocytosed and then bursting out 
by piercing the phagolysosome (A) (the fibres are 
very sharp).  Once in the cytosol, the fibres may get in 
the way of cytokinesis (C) by disrupting the 
microtubule spindle.  This disruption may cause cells 
to divide unequally with duplicated chromosomes in 
one daughter cell and of course a loss of the 
chromosome from the other (D).  This situation is 
dangerous and may well result in genetic stability and 
produce a transformed cell.  This mechanism is 
believed to partially explain why the presence of 
asbestos alone may cause cancer.  The situation is 
made many times more dangerous by the presence of 
other risk factors (e.g. smoking). 
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Figure 43.  Normal cells  require a surface on which to 
grow and divide, they cannot grow in suspension.  This is 
anchorage dependence.  Asbestos fibres that gain entry into 
the lung surface offer a surface onto which cells may attach.  
Cells can then grow on these fibres until the surface is 
covered perhaps with some over hang.  This situation 
encourages the growth of cells that are selected for their 
ability to grow in a more rounded shape as there may be no 
neighbouring cells to adhere to.  Eventually, cells may grow 
that no longer are limited by a requirement for a surface on 
which to grow.  Having cells around to make adhesions to 
is an oncogenic influence (Figure 44). 

Growth factor receptorsGrowth factor receptors

Figure 44.  One early hypothesis to explain the phenomenon was 
based on the s uggestion that growth factor receptors are exposed 
maximally on the cell surface when the surface is flat (A), this can 
only take place on the surface of flattened cells.  (B).  Cells in 
suspension produce hundreds of villi and other folds so that the 
membrane area can be accommodated.  Many of the growth factor 
receptors are hidden within these folds and so may not have the 
opportunity to bind the growth factors.  In agreement with this 
suggestion, some anchorage independent cell lines expressed 
increased numbers of growth factor receptors, while others express 
growth factor receptors that are mutated so that they seem bound by 
growth factors constantly.  All in line with a role of growth factor 
receptors in anchorage dependence.  Another possible or partia l 
explanation is the signalling that is known to occur between the cell 
surface and the nucleus namely the Wnt pathway. 
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Figure 45.  A closer look at cell-cell adherens 
junction.  Cadherins bind to other cadherins 
(from opposite cells) across the extracellular 
space.  The C-terminus of cadherin binds a 
complex of cytoskeletal proteins so that forces 
are transmitted from one cell to the other.  
Signalling also occurs at this junction through 
β-catenin (see scheme below, figure 46). 
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Figure 44.  The various types of 
adhesion made by cells to each other and 
to the extra-cellular matrix.  Some 
involve Intermediate filaments whereas 
others do not but involve microfilament 
instead.  Not involve microtubules as 
permanent components. The cell-cell 
adhesion involves β-catanin which 
doubles as a signalling molecule  

Figure 46.  The Wnt pathway. β-catenin containing adhesions constitute a signalling pathway and a mechanism that 
allows the nucleus to "know" what shape it is in and how the shape affects the cell cycle. APC = Adenomatous 
Polyposis Coli protein.  When the cell is stuck to others b-catenin is involved in the adhesion.  When the cell 
becomes dissociated, β-catenin is now free in the cytosol and can enter the nucleus as it contains a nuclear 
localization signal.  Here is effect gene transcription.  β-catenin is removed by proteolysis which is regulated. 
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Contact Inhibition of Locomotion 
First described by Abercrombie (Abercrombie & Heaysman, 1953), contact inhibition (CI) of locomotion is a 
phenomenon in which the collision of cells results in the paralysis of the moving cells.  The paralysis is mimicked by 
isolated plasma-membranes (Weiser et al, 1985).  In some instances the CI is non-reciprocal, in collisions between 
fibroblasts and epithelial cells the former exhibit CI but the latter ignore the contact.  Many tumour cells lack CI and so 
invade surrounding tissues.  Collisions with other cells also inhibits growth so that a monolayer of normally CI cells 
builds up.  In cells with no CI cells pile up and overlap.   

 
 
If you would like to learn more about cell motility and the cytoskeleton, consider taking Molecular Cell Biology 3m 
next February. 
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Figure 47.  As two cells collide (B) the expanding of both lamella "freeze" 
that is the actin polymerization that drives this motility immediately stops at 
this region and new ruffling ensues at another region close by so that the cell 
changes direction to avoid further collision (C).  In many cases this 
behaviour is mimicked by the other cell.  This is reciprocal contact 
inhibition of locomotion.  However there are situations where CI is not 
reciprocal.  Collisions between fibroblasts and epithelial cells are reported to 
result in freezing of the fibroblast but the epithelial cell ignores the collision 
(Willbanks & Richart, 1966). 
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