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Development of local manipulation tool of human pluripotent stem cells
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This research project aims to develop an experimental platform to control cell fate at a single cell
level by utilizing optogenetic tools and Crispr-Gas9-mediated genome editing technology.

For this end, we tried to establish the reporter cell lines by which we can visualize cellular
differentiation. Pluripotency-associated POUSF1, a gene encoding OCT3/4, and
trophoblast-associated GATAS3 were used as a marker for monitoring pluripotent state and
trophoblast differentiation, respectively. For generating knock-in clones, we first designed and
constructed appropriate targeting vectors and guide RNA expression vectors, and then
introduced them into KhES-1 cells together with a Cas9 expression vector. Multiple clones were
picked up after drug-selection, and among them, precisely edited clones in which each genomic
locus was modified to generate a corresponding marker as a 2A-linked tdTomato-fusion proteins
were selected. We performed 2nd cloning to select clones in which drug-resistant cassettes were
removed by transfecting Cre reconbinase vectors, and finally succeeded in establishing three
independent clones for each genotype. For functional validation, we confirmed the correct
correlation between these reporter expression and differentiation state by inducing directed
trophoblast or neural differentiation.

In parallel, we checked cellular behaviors upon overexpression of differentiation-evoking
molecules, CDX2 and BMP4. We employed a doxycycline-inducible Tet-On system to induce
global CDX2/BMP4 expression under the ES cell culture condition, and confirmed that
trophoblast-associated markers, such as GATA3, were elevated by doxycycline supplementation.

In addition, we tried to introduce Light-On system, an optogenetic tool that allows spatial
control of gene expression at a high resolution. The construction of microscopic equipment and
photo-controllable devices that were required for Light-On system is ongoing, with the kind help

of Dr. Imayoshi (Kyoto University), an outstanding expert in optogenetics.
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