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Molecular Basis During iPS Cell Generation and Its Application 

Shinya Yamanaka will use half of his prize to support a research project on molecular 
mechanisms and application of induced pluripotent stem (iPS) cells at the Center for iPS 
Cell Research and Application (CiRA), Kyoto University, lasting 5-6 years. iPS cells were 
originally generated from mouse and human fibroblasts by retroviral introduction of four 
factors, Oct3/4, Sox2, c-Myc, and Klf4. iPS cells are similar to embryonic stem (ES) cells 
in morphology, proliferation, gene expression, and most importantly, pluripotency. It is im-
portant to develop a method to differentiate various target cells from iPS cells with high 
efficiency and safety. Synthetic RNA technologies have a promising outlook for controlling 
such cell-fate conversion. For example, direct injection of synthetic mRNAs into mamma-
lian cells could serve as a powerful tool for gene therapy and regenerative medicine be-
cause transfected mRNAs do not integrate into the genome, eliminating the risk of cellu-
lar damage such as tumor formation. Furthermore, the injection being irrelevant to transfer 
to the nucleus and nuclear events enables rapid and homogenous gene expression in cell 
clusters. However, precise control of protein production from directly transferred synthet-
ic RNAs has yet to be attained. Thus, elucidating the design principle of functional RNA 
molecules could be particularly useful for the next generation of stem cell research. 

The Center for iPS Cell Research and Application (CiRA) hired one young faculty mem-
ber, Dr. Saito, on 1st July 2011, to promote the research to control cell fate using synthetic 
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RNA-based gene manipulation technologies. Dr. Saito attempts to take a synthetic biolo-
gy approach that leads to understand and control cells through the process of ‘artificially 
creating’ biomolecules and biological systems. Creating artificial biomolecules that freely 
control the functions of cells and applying them to examinations and medical treatments 
is one of the research goals of this new field. His laboratory will use the unique technol-
ogy of synthetic biology that designs RNA and/or RNA-protein complexes (RNP) artifi-
cially and experimentally evolve them in order to control fate of target cells depending on 
cellular environment. In concrete terms, he will engage in the following research projects:

1. Developing a technique to control cell fate with high safety and purity using artifi-
cial RNA/RNP molecular complexes.

2. Developing artificial RNA/RNP-based genetic switches that can detect specific  
protein and/or RNA expression and control ON/OFF of the translation of target genes.
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