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Conclusions
• Model epithelia constructed from 3D cells, can readily generate both invaginated and evaginated shapes. The 

direction of bending is dictated by the apicobasal orientation of the epithelium.

• Naturally planar 2D vertex models predict that two different equilibrium shapes (invaginated and evaginated) 

coexist for the same set of parameters. The invaginated state exists as an isolated branch, which cannot be 

reached by continuous changes in the parameters of the spatial prepatterns; this is in contrast to the 

predictions of the 3D model. It also lacks the ability to include the apicobasal polarity or the natural curvature of 

the epithelial monolayer.

• The results of the naturally planar 2D vertex model suggest that the initially curved and homogeneous 

epithelium can smoothly bend, due to contour forces, only in the outward direction, which is similar to the 

response of the apical-in case of the 3D model to a contractile ring.

• The modified 2D model can readily capture the full effects of the 3D model. Most importantly, it can generate 

both evaginated and invaginated shapes depending on the apicobasal polarity of the epithelial shell. 
• The addition of an inner fluid-filled cavity and outer membrane term does not affect the qualitative response of the 

naturally planar 2D vertex model. 

Perspectives
• Cell rearrangement.

• Directed cell migration.

• Proliferation.


