
Membrane Permeable Transcriptional Regulators for Retinal Repair

The Problems:

“Efficient” conversion of pluripotent ESC/iPSC to multipotent RPC.
Current technologies direct pluripotent cell sources to a pseudo-multipotent retinal 

progenitor cell-like state with relatively low efficiency. Retinal progenitor cells are 
detected using retinal stem/progenitor markers (eye field transcription factors), or 
waiting for differentiation, then detecting terminal differentiation markers.

Maintenance of RPCs in a multipotent, yet proliferative state.
Current protocols use a “one shot” approach. Culturing protocols drive cells 

irreversibly from pluripotent stem cells, through multipotent retinal progenitors, to 
differentiated retinal cells. There is currently no way to expand multipotent retinal 
progenitor cultures, while simultaneously maintaining them in the multipotent retinal 
progenitor state. 

Our Approach:

Use membrane permeable Eye Field Transcription Factors (MP-EFTFs) to directly 
reprogram pluripotent cell sources to multipotent RPCs.

We previously demonstrated that expression of 7 EFTFs in pluripotent Xenopus cells 
is sufficient to reprogram them to a multipotent retinal progenitor state. EFTF expressing 
cells not only generate all retinal cell types, but also autonomously form functional eyes 
in vivo. We will to generate membrane permeable version of the human EFTF orthologs 
and test their ability to convert mouse and human pluripotent cells to retinal progenitors. 
[Our preliminary evidence demonstrates that fewer than 7 (perhaps as few as 1) may be 
sufficient to generate multipotent retinal progenitor cells.] 

Culture multipotent RPCs in MP-EFTFs required to maintain the multipotent RPC 
state.  

I am currently preparing a manuscript for submission in which we characterize the 
transcriptome of pluripotent cells reprogrammed to multipotent retinal progenitor cells. 
One set of genes that are highly induced by the EFTFs are genes involved in DNA 
replication. The genes of canonical pathways regulating cell cycle control of 
chromosomal replication, cell cycle checkpoint control, G1/S checkpoint regulation are 
all highly overrepresented in our dataset. This all indicates to us that one role of the 
EFTFs is to regulate/maintain the multipotent, proliferative state of RPCs.

Using the same MP-EFTFs generated above, we will identify the subset of EFTFs 
required to maintain RPCs in a multipotent, yet proliferative state.


