
ABSTRACT 
 

Typical epithelium is uniformly polarized solid structure defined by the presence of cell-cell 

contacts that are connected to well-organized network of actin cytoskeleton. While epithelium is 

considered to be rather static, during embryogenesis or cancer development epithelial tissues 

undergo considerable dynamic changes in their integrity that are characterized by loss of epithelial 

polarity, disruption of cell-cell adhesions and gaining mesenchymal or mesenchymal-like migratory 

phenotype. These changes, collectively termed as epithelial-mesenchymal transition (EMT), allow 

cells to effectively invade surrounding tissues and are considered to be a main factor underlying the 

formation of metastatic cancer. The MAPK/ERK cascade, comprised of protein kinases Raf, MEK and 

ERK, induces the breakdown of epithelial integrity and cell autonomous migration in various cell 

lines. In the ERK pathway, ERK is an effector protein kinase which, depending on the cellular context, 

phosphorylates a number of different substrates. Spatiotemporal phosphorylation of specific 

constellation of ERK substrates drives specific biologic outcome. The question arises whether, during 

conversion of multicellular epithelium to autonomously migrating cells, ERK regulates a "master" 

controller or whether the ERK regulatory function is distributed among several different effector 

proteins. Identification of these effector molecules become challenging task as they can represents 

potential therapeutic targets in treatment of cancer. 

We have identified that ERK regulates EMT-like program in MDCK cells through the two 

effector molecules – protease calpain and protein kinase RSK. Each of these molecules drives 

separate sub-program of EMT-like process and these separate sub-programs are sequentially 

executed in time. ERK-mediated activation of protease calpain is responsible for the initial changes in 

epithelial morphology characterized by the loss of epithelial polarity. On the other hand, ERK 

activation of protein kinase RSK controls following stages characterized by cell scattering and cell 

migration. We found that ERK drives loss of epithelial polarity through calpain-mediated remodeling 

of actin cytoskeleton. In addition, we showed that RSK contributes to cell scattering through the 

destabilization of E-cadherin-based cell-cell contacts.  These data suggest that ERK, through the 

phosphorylation of distinct substrates, regulates different cellular subprograms. Coordinated 

execution of these subprograms in time results in complex biologic response characterized by 

breakdown of epithelial sheet to individually migrating mesenchymal-like cells.  

 Since the remodeling of actin cytoskeleton is necessary for the loss of epithelial polarity, we 

characterized the changes in actin organization in more detail. We found that ERK induced 

remodeling of perijunctional actin supporting cell-cell contacts, and it also induced remodeling of 

peripheral actin bundles present at the free edge of epithelial layer. The remodeling of perijunctional 

actin is associated with the loss of epithelial polarity of cells within the colony, whereas the 



remodeling of peripheral actin is associated with the loss of polarity in marginal cells. We identified 

calpain-2 as a candidate ERK substrate that controls the perijunctional and peripheral actin 

remodeling.  

 We then focused on peripheral actin bundles that are present at the edge of epithelial sheet 

and form supracellular structure spanning several cells. We show that peripheral actin bundles 

consist of two prominent layers. The basal layer of peripheral bundle is anchored along its entire 

length by numerous focal adhesions to the substratum and forms discontinuous structure. The top 

layer sits on the basal layer and instead of focal adhesions it is anchored in intercellular junctional 

foci enriched in vinculin and E-cadherin. We show that peripheral bundles and junctional foci 

preserve the cohesion between epithelial cells at the edge of both static and collectively migrating 

epithelial sheet. The activation of ERK and its downstream effector calpain-2 induces disassembly of 

the basal layer and underlying focal adhesions, which is followed by disruption of intercellular foci 

and dissolution of the top layer. These gradual changes in peripheral bundles organization are 

prerequisite for the overall loss of cell-cell cohesion and the adoption of cell autonomous phenotype. 

 


