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Millions of people are suffering from retinal degenerations due to disease mutations. Since the

mammalian retina does not regenerate, loss of retinal neurons is permanent, causing incurable blindness.
Regenerative medicine of the retina provides hope for saving and restoring vision.

Research in my laboratory is focused on the molecular mechanisms underlying retinal differentiation

and inherited retinal degenerations, aiming to make contributions to regenerative medicine of the retina. To
achieve our research goals, we utilize interdisciplinary approaches, including engineered mice, pluripotent
stem cell-derived organoids, and genomic and proteomic assays. One main project is to study the functions of
homeodomain transcription factors Six3 and Six6 in retinal differentiation. Using genetic and genomic
approaches, our studies have demonstrated that Six3, by itself at early stages and together with Six6 at later
stages, is required for retinal differentiation. We are now studying how Six3 and Six6 execute their functions

in retinal development. Another main project is to model human retinal differentiation and the functions of
disease gene CRB1 using human pluripotent stem cell-derived organoids. Human retinal tissues have become
increasingly important for studying retinal differentiation and degenerations because the human retina differ
from that of mice in numerous aspects, including the anatomy, cell types, and gene expression. We recently
established a retinal differentiation system that faithfully recapitulates retinal development in vivo. Our

system is well recognized by the field, as indicated by publications and prizes in the NEI 3-D Retina Organoid
Challenge. Using our organoid system, we are studying the functions of CRB1 using engineered stem cell lines
that mimic disease mutations. Human organoid models of CRB1 disease mutations are attractive since CRB1
mutations in mice does not faithfully recapitulate disease phenotypes. We expect to elucidate CRB1 functions
in human retinal tissues, facilitating therapeutic development for CRB1-associated retinal disease.
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