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In this project, we aim to develop a therapy for corneal epithelium and corneal endothelium
regeneration, using human iPS cells. In this fiscal year, 1) Corneal epithelial regeneration: we
conducted quality and safety evaluation tests for the corneal epithelial cell sheet derived from iPS
cells, and screened for allogenic HLA-homozygous iPS cells and prepared a setup for clinical study; 2)
Corneal endothelial regeneration: we conducted a pre-clinical study focusing on optimizing the cell
culture conditions for corneal endothelial induction and examined the safety of iPS cell derived-
corneal endothelium.
1). Quality and safety evaluation tests of the corneal epithelial cell sheet-derived from human iPS
cells
Human iPS cell-derived corneal epithelial cell sheets for preclinical examination were manufactured
based on the SOP for actual clinical use. We then performed quality assessment tests and preclinical
safety and efficacy tests such as proliferation analysis, karyotype analysis, and tumor formation assay
to obtain the application data for a clinical study.
2). Study on the availability of HLA-homozygous iPS cells
Upon screening the clinical HLA-homozygous iPS cell line supplied by CiRA of Kyoto University, we
have succeeded in selecting a HLA-homozygous iPS cell line with good corneal differentiation ability.
To investigate the availability of allogeneic iPS cells, we also performed animal experiments using
monkeys (in collaboration with Dr. Ogasawara of Shiga Medical University and Dr. Shiina of Tokai
University). In this fiscal year, we succeeded in establishing a monkey model of corneal epithelial
stem cell deficiency and a stable system for corneal epithelial cell sheet transplantation. Furthermore,
we transplanted MHC-compatible and incompatible monkey corneal epithelial cell sheets to the eyes
of the diseased monkey model and a detailed analysis of the presence or absence of immune-rejection
is ongoing.
3). Preparation for the clinical study of human iPS derived-corneal epithelial cell sheet
transplantation
We have started training the technical staff that is responsible for cell sheet manufacturing for the
actual clinical study at the Cell Processing Center (CPC). Moreover, by consulting the facility
managers and manufacturing staff, we have shared the assembly of the work in CPC and established
a system to respond to the improvement of manufacturing procedures. In addition, we have started a
trial operation of the cell sorter used in the cell purification step in CPC, and solved the problems
encountered. After the trial operation, the cell sorter has been successfully operable in CPC.
4). Optimization of manufacturing procedures for human iPS cell-derived corneal endothelial cells
To date, the corneal endothelium differentiation lineage and its specific markers are unclear. In
addition, corneal endothelial-like cells induced by conventional differentiation methods showed

effectiveness in animal experiments, but problems such as EMT and cell purity were encountered. In
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this study, we developed a novel SEAM-based differentiation method that mimics the neural crest,
periocular neural crest, and corneal endothelial development. Regarding the marker, we have
developed a novel monoclonal antibody against the corneal endothelial specific cell surface marker
and obtained its hybridoma. We are planning to introduce the antibody in the manufacturing process.
Moreover, as is the case for corneal epithelial cell induction, we have screened for corneal endothelial
cell induction using clinical HLA-homo iPS cell lines provided by CiRA of Kyoto University.

5). Pre-clinical study of corneal endothelial cells-derived from human iPS cells

Using the novel SEAM-based induction method and the novel marker, a remarkable improvement in
cell morphology and decreased mRNA expression of EMT markers was achieved. In addition, we
investigated the contamination of undifferentiated cells in the products by digital q-PCR analysis for
LIN28A. The expression of LIN28A was found to have disappeared even in the intermediate products
before purification. From this fact, it was confirmed that contamination of undifferentiated cells is
not a problem; however, a purification method is still adopted in the current manufacturing process.
Furthermore, we performed a proliferation assay and tumor formation assay using the cells induced

from the iPS cells-derived periocular neural crest cells.
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We developed and characterized corneal endothelial equivalents from iPS cells. Tumorgenesis
studies was also developed. Pre-clinical studies were performed in corneal endothelial deficient
Macaca monkeys to assess safety and efficacy. Animal studies were also done in a rabbit model of
bullous keratopathy. Preparations to apply for accreditation of foreign cell processor were done

in order to prepare for clinical trials.
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