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Strategic International Collaborative Research Program (SICORP)
Japan—Singapore Joint Research Program
Executive Summary of Final Report

1. Project title : [Near-infrared (NIR) optogenetics using up-conversion system |
2. Research period : January 2016 ~ March 2019
3. Main participants :

Japan-side
Name Title Affiliation Role in the
research project
Pl Hiromu Yawo Professor Tohoku Research general
University
Co-PI Hideya Yuasa | Professor Tokyo Institute of | Channelrhodopsin
Technology optimization
Co-PI Toru Ishizuka Lecturer Tohoku Channelrhodopsin
University optimization
Collaborator | Takatomo Technical Tohoku Channelrhodopsin
Mishima assistant University optimization
Collaborator | Kenta Abe JSPS Fellow | Tohoku Neural evaluation
University
Collaborator | Akihiro Professor Nagoya Neural evaluation
Yamanaka University

Total number of participants throughout the research period: 12

Singapore-side

Name Title Affiliation Role in the
research project
PI ANGELO Assistant National Spinal Cord
(Jan. 2016 - | ALL Professor University of Injury,
July 2017) Singapore & Electrophysiology
Johns Hopkins
University,
Baltimore
PI XIAOGANG Professor National Nanoparticles,
(July 2017 - | LIU University of Bio-imaging
March Singapore
2019)
Co-PI XIAOGANG Professor National Nanoparticles,
(Jan. 2016 - | LIU University of Bio-imaging
July 2017) Singapore
ANGELO Assistant Johns Hopkins | Spinal Cord
(CEJ?JIII;bZOOr?;m ALL Professor University, Injury,
March 2019) Baltimore Electrophysiology
Collaborator | DANIEL Post-Doctoral | National Optogenetics,
TEH Fellow University of Neural stem cell
Singapore
Collaborator | SUDIP Post-Doctoral | National Electrical
NAG Fellow University of Engineering
Singapore
Collaborator | JANANAI Post-Doctoral | National Nanoparticles, Glial
MANIVANNAN | Fellow University of cells
Singapore

Total number of participants throughout the research period: 5
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4. Summary of the international joint research

This research aimed to develop a new system of manipulating neural activity by
near-infrared light (NIR) which deliver energy deep into the tissue. New core-shell type
lanthanide nanoparticles (LNPs) were fabricated and assessed to be optimized for the
manipulation of channelrhodopsin-2-expressing neurons in vivo and in vitro using NIR. We
made the neural stem cells which permanently express one of highly light-sensitive chimeric
channelrhodopsins and showed that they differentiate into neurons efficiently by dim light
stimulation. We also made transgenic reporter rats which express a highly light-sensitive
chimeric channelrhodopsin conditionally under Cre-loxP system. Using this system, we
made the cerebrospinal neurons involved in the respiratory rhythm generation
photosensitive and demonstrated that the respiratory rhythm was phase-shifted by light.
Therefore, the interruption of neural signaling in the human spinal cord injury would be
restored in future by the transplantation of neural stem cells expressing a highly sensitive
channelrhodopsin, the efficient up-conversion nanoparticles and the NIR irradiation in
combination. Our Cre-loxP system of transgenic rat expressing a highly sensitive
channelrhodopsin will facilitate the neurophysiological researches using rats. We could
prospect an innovative medicine which should contribute the Sustainable Development Goal
(SDG) 3 “Ensure healthy lives and promote well-being for all at all ages” by applying
humans the NIR optogenetics using up-conversion system. The international collaboration
will develop continuously by the application and acquisition of new research funds and by
new project researches.

5. Outcomes of the international joint research

5-1 Scientific outputs and implemented activities of the joint research

® \We developed new core-shell type LNPs which are optimized for manipulating
ChR2-expressing neurons in vivo and in vitro by the NIR.

® \We made the neural stem cells which permanently express one of highly light-sensitive
chimeric channelrhodopsins and showed that they differentiate into neurons efficiently
by dim light stimulation.

® We made transgenic reporter rats which express a highly light-sensitive chimeric
channelrhodopsin conditionally under Cre-loxP system. Using this system, we made
the cerebrospinal neurons involved in the respiratory rhythm gereneration
photosensitive and demonstrated that the respiratory rhythm was phase-shifted by light.

5-2 Synergistic effects of the joint research

® The joint research facilitated the generatiion of the Cre-loxP system for expressing a
highly light-sensitive channelrhodopsin conditionally in the rat. We thus approached our
final goal of driving the central pattern generators remotely by the NIR.

® The joint research facilitated the generatiion of the neural stem cells which permanently
express one of highly light-sensitive chimeric channelrhodopsins. We thus approached
our final goal of restoring the interruption of neural signaling in the human spinal cord
injury by the NIR up-conversion optogenetics.

® The new close collaboration among Profs Angelo All, Xiaogang Liu and Akihiro
Yamanaka has started through the intermediation of Japanese PI (Dr. Hiromu Yawo).

5-3 Scientific, industrial or societal impacts/effects of the outputs

® The first Cre-loxP system for expressing a highly light-sensitive channelrhodopsin
conditionally will facilitate the application of optogenetics in the neurophysiological
researches using rats.

® \We could prospect an innovative medicine which should contribute the Sustainable
Development Goal (SDG) 3 “Ensure healthy lives and promote well-being for all at all
ages” by applying humans the NIR optogenetics using up-conversion system.
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