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Human embryonic stem cells (HESC) are considered the gold standard as a cellular source for regenerative medicine. The 
HESC’s are obtained from supernumerary human in vitro fertilization (IVF) embryos that cannot be used for infertility 

treatment. FDA and EMA require that therapeutic HESC-derived cells should be differentiated under fully human and defined 
conditions, the differentiation protocols should be highly reproducible, the transplanted cells should exhibit normal function in vivo 
and improve function of the tissue to be repaired. Also, the cells should not be tumorigenic. We developed a technique for clonal 
establishment and expansion of HESCs on stem cell niche laminins LN-511 or LN-521 from 8-16-cell IVF embryos under fully 
xeno-free and chemically defined conditions. Important from an ethical standpoint is that the IVF embryos need not be destroyed 
like when making cell lines from the inner cell mass of human blastocysts. By culturing the pluripotent HESCs on specific cell type 
specific recombinant laminins, we can differentiate the cells to various lineages such as endothelial cells, cardiomyocytes and 
progenitors, retinal RPEs and photoreceptor progenitors. Cardiomyocyte progenitors injected into the heart infarction region of mice 
for human cardiomyocyte fiber bundles resulting in improved heart function. Also, laminins specifically present in the matrix 
surrounding photoreceptors allow generation of progenitor cells that express typical photoreceptor markers. The differentiated cells 
not exhibit signs of teratoma formation. Together with a major pharmaceutical company, we are developing HESC-derived cell lines 
for treatment of heart injury and macular degeneration. 
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