
ABSTRACT 

 
The formation of the eye is a multistep process of complex morphogenetic events. It 

begins with the formation of the optic vesicle (OV) and its subsequent interaction with the 

overlying head surface ectoderm (SE). Reciprocal interaction between OV and SE evoke lens 

placode formation within the SE followed by coordinated invagination of both, the lens 

placode and OV. These events result in formation of lens, retina and retinal pigmented 

epithelium (RPE) with lens originating from the SE and retina/RPE originating from the OV. 

Early after the retinal domain is established, retinal progenitor cells start to differentiate in 

seven retinal cell types that are further stratified in the structure of the retina. The 

transcription factor Pax6 plays a pivotal role in eye formation in various animal species. In 

mammals, it is expressed from very early stages of eye development in OV and SE. As Pax6
-/- 

mice are anopthalamic, with eye development arrested at OV/SE stage, much attention has 

been paid to elucidate the Pax6 function in different eye structures. However, whether and/or 

how Pax6 regulates the early signaling events leading to eye formation as well as the 

mechanism by which Pax6 regulates the differentiation of all retinal cell types is still only 

poorly understood.  

Using the mouse as a model, we have found that Pax6 is required very early in eye 

development, to repress Wnt/β-catenin signaling pathway in the lens-forming surface 

ectoderm to allow the lens placode to be specified and OV and SE to invaginate and form the 

lens and the retina. This is mediated by the ability of Pax6 to directly activate the expression 

of inhibitors of Wnt/β-catenin signaling pathway in the presumptive lens ectoderm. To 

analyze Pax6 role specifically in OV compartment and its derivates, we generated a novel 

OV-specific Cre-expressing mouse line, mRx-Cre. Inactivation of Pax6 selectively in the OV 

abolished formation of lens and retina, indicating that at the OV/SE stage, Pax6 expression is 

required not only in SE but also in the OV to ensure the lens-inductive ability of the OV. This 

indicates that coordinated action of Pax6 in both, SE and OV is crucial for the initiation of eye 

formation. Our study also showed that once the OV invaginates to form the retinal domain 

and retinal progenitor cells are specified, Pax6 is required for retinal progenitor cell 

proliferation, controlling the balance of cell cycle re-entry and preventing premature cell cycle 

exit. Beside its role in proliferation, our results also showed that Pax6 plays the crucial role in 

the initiation of a general retinal differentiation process as no retinal cell types are 

differentiated in Pax6-deficient retinae. Finally, we have focused on Pax6-regulated genes in 

retinal cell type differentiation. We identified two transcription factors of the Onecut 

transcription factor family, Onecut1 and Onecut2, to operate downstream of Pax6 to ensure 

the development of one particular retinal cell type, horizontal cells.  

Alltogether, our data show that Pax6 regulates a various processes during eye 

development, starting from eye induction to proper differentiation of particular retinal cell 

types. 

 

 


