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Shinya Yamanaka is Director of the Center for iPS Cell Research and Application
(CiRA) at Kyoto University, Senior Investigator at the Gladstone Institute of
Cardiovascular Disease in San Francisco, and Professor of Anatomy at the University
of California, San Francisco. Yamanaka planned a five- to six-year research project on
molecular mechanisms and application of induced pluripotent stem (iPS) cells at the
Center for iPS Cell Research and Application (CiRA) at Kyoto University. CiRA
hired one young faculty member, Dr. Saito to promote the research to control cell fate
using synthetic RNA-based gene manipulation technologies. His laboratory developed
unique synthetic RNA molecules in order to detect and purify target cells derived
from iPS cells and control the fate of target cells depending on intracellular
environment. He was responsible for the following research projects: developing new
methods to control mammalian cell fate with high safety and purity using artificial
RNA switches and circuits. These RNA systems detect specific protein and/or RNA
expressed in target cells and then control gene expression.
Advances made in 2015 included the successful development of synthetic “microRNA
switches”, pointing to next-generation technology for control of gene expression and
stem cell engineering. In their latest work, the Saito group developed a method that
makes it possible to detect and purify target live cell populations derived from human
iPS cells. In addition, the Saito group succeeded in constructing synthetic gene circuits
that selectively control the cell fate by RNA-only delivery. Because these circuits are
entirely RNA-based, they would be safer to use in cells than their DNA-based
counterparts and therefore available for a number of biomedical applications. Recently,
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the Saito group demonstrated its miRNA switch technology can be used to regulate
the CRISPR-Cas9 system that engineer genome of target cells. The new biotechnology
tool, they call “miR-Cas9 switch”, in which the genome editing activity of Cas9 can
be modulated through endogenous miRNA signatures in mammalian cells. They
succeeded in distinguishing human iPS cells and differentiated cells for genome
editing, which may be used for future in vivo genome editing tool.
In early 2013, Shinya Yamanaka decided to use his prize to spread iPS cell research
over institutes other than CiRA with Dr. Aoi at Kobe University to study recapitulation
of several intractable diseases, including cancer by iPS cell technology. In 2013, a
new laboratory for the Aoi Group was built at the Kobe University graduate school of
medicine. The basic arrangement of the study environment and the measures for
regulations with which the iPS cell establishment or induction to various cell
differentiation can be conducted have already reached completion. Until 2016, various
projects for hepatology, gastroenterology, neurology, urology, dermatology,
diabetology, endocrinology, haematology and oncology, in collaboration with more
than ten clinical departments have been launched to cure intractable diseases.
Aoi’s group also focuses on cancer stem cells, which have been suggested to be the
potential for self-renewal and tumorigenesis in certain cancers. Inspired by iPS cell
technology, Aoi’s group successfully established a novel technology to induce
cancer stem cell (CSC) properties in intestinal cancer cells by introducing defined
factors and collecting the cells with CSC properties, which leads to a further
understanding of cancer disease mechanisms and medical applications. Currently,
in addition to working on generation and analyses of induced cancer stem cells from
various types of human cancer cells such as lung cancer cells, they are also
constructing various carcinogenesis models using several types of human iPS cellderived cells.
Publications
The most recent publications from Shinya Yamanaka’s research project are listed
here. For a more extensive list, see previous editions of the Overview at https://
www.balzan.org/en/prizewinners/shinya-yamanaka/research-project-yamanaka.
Kuang, Y., Miki, K., Parr, C.J.C., Hayashi, K., Takei, I., Li, J., Iwasaki, M., Nakagawa,
M., Yoshida, Y., Saito, H. 2017. Efficient, Selective Removal of Human Pluripotent

339

Stem Cells via Ecto-Alkaline Phosphatase-Mediated Aggregation of Synthetic
Peptides. Cell Chemical Biology. 24(6): 685-694.
Kawasaki, S., Fujita, Y., Nagaike, T., Tomita, K., Saito, H. 2017. Synthetic mRNA
devices that detect endogenous proteins and distinguish mammalian cells. Nucleic
Acids Res., 45(12): 117.
Hirosawa, M., Fujita, Y., Parr, C.J.C., Hayashi, K., Kashida, S., Hotta, A., Woltjen,
K., Saito, H. 2017. Cell-type-specific genome editing with a microRNA-responsive
CRISPR-Cas9 switch. Nucleic Acids Res., 45(13): 118.
Nakanishi, H., Miki, K., Komatsu, K.R., Umeda, M., Mochizuki, M., Inagaki, A.,
Yoshida, Y., Saito, H. 2017. Monitoring and visualizing microRNA dynamics
during live cell differentiation using microRNA-responsive non-viral reporter
vectors. Biomaterials, 128:121-135.
Parr, C.J., Katayama, S., Miki, K., Kuang, Y., Yoshida, Y., Morizane, A., Takahashi,
J., Yamanaka, S., Saito, H. 2017. MicroRNA-302 switch to identify and eliminate
undifferentiated human pluripotent stem cells. Scientific Reports. 6:32532.
Kei Endo, Karin Hayashi, Hirohide Saito. 2016. High-resolution Identification and
Separation of Living Cell Types by Multiple microRNA-responsive Synthetic
mRNAs. Scientific Reports. 6: 21991.
Watanabe, D., Koyanagi-Aoi, M., Taniguchi-Ikeda, M., Yoshida,Y., Azuma, T., and
Aoi, T. 2018. The generation of human γδT cell-derived induced pluripotent stem
cells from whole peripheral blood mononuclear cell culture. Stem Cells Transl.
Med. 7: 34-44.
Ogawa, H., Koyanagi-Aoi, M., Otani, K., Zen, Y., Maniwa, Y., Aoi, T. 2017.
Interleukin-6 blockade attenuates lung cancer tissue construction integrated by
cancer stem cells. Sci. Rep. 7: 12317.
Ishida, R., Koyanagi-Aoi, M., Oshima, N., Kakeji, Y., Aoi, T. 2017. The tissuereconstructing ability of colon CSCs Is enhanced by FK506 and suppressed by
GSK3 inhibition. Mol. Cancer Res. 15: 1455-1466.

340

