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Torealize ahealthy society with longevity, the development of new technology to predict, prevent,
treat, and diagnose diseases is an urgent issue. To develop innovative technology, mutant mice are
very useful to explore drug candidates and test the efficiency of candidate compounds as human
disease model. In this project, we aimed to develop a mass-production system for mutant mice and
train engineers of reproductive technology, collect, develop, produce, preserve, and analyze mutant
mice, construct and supply mutant mouse database, and establish a global network of mutant mouse
research and resource.

In the project of the devel opment of amass-production system for mice and training of technicians,
we improved the superovulation technigue using inhibin antiserum and gonadotropins in various
inbred strains and outbred strains mice. To improve the reproductive efficiency in female mice of
various ages, we investigated the superovul ation technique to increase the number of ovulated oocytes
and found that administration of inhibin antiserum and gonadotropins was effective in increasing the
number of ovulated oocytes. To overcome the reduction of fertilization rate in refrigerated sperm,
methyl-p-cyclodextrin and reduced glutathione were found to be useful in improving the fertilization
rate. We developed a new preservation solution to extend the storage period of refrigerated sperm and
succeeded in maintaining motility and fertilizing ability for 10 days by adding dimethyl sulfoxide and
guercetin to the preservation solution. To improve the fertilization rate, we succeeded in selecting
sperm that maintained their motility using amicrofluidic device cell sorter and devel oped atechnology
to select sperm with high fertilization potential for in vitro fertilization. To overcome the decreased
fertilization rate in cryopreserved mouse oocytes, we found that adding N-acetylcysteine to the IVF
medium improved the fertilization rate. In the technique of cold storage of two-cell embryos, we found
the addition of N-acetylcysteine to the cold storage solution made it possible to produce offspring by
embryo transfer from fertilized eggs stored in cold storage for 4 days. For training engineers of
reproductive technology, we held hands-on workshops on mouse reproductive engineering
technologies at Kumamoto University, Central Institute for Experimental Animals, Pasteur Institute,
Texas Genome Institute, Jackson Laboratory, etc. (12 sessions in Japan, 3 sessions overseas), and 183
technicians who mastered the reproductive technol ogy.

In the project of collection, development, production, analysis, and preservation of mutant mice,
we worked on the development of genome editing technology necessary for the production of
genetically modified mice. By using oocytes derived from ultrasuperovulation, we were able to
produce genome-edited genetically modified micein ashort period using the mass-produced fertilized
eggs. Next, we found that the incubation time of pre-nuclear stage fertilized eggs used for genome
editing technology affects the efficiency of introducing genome editing, and the efficiency of
producing genetically modified mice was improved by using optimal conditions. Furthermore, by
combining cryopreserved superovulation-derived pre-nuclear stage fertilized eggs with

electroporation technology, the work time for fertilization and genome editing was reduced, and the



efficiency of gene-modified mouse production was improved. Analysis of the mutant mice has
provided insightsinto the pathogenesis and potential therapeutic agents for renal, pulmonary, sensory,
and genetic diseases, among others, as well as the usefulness of ketone bodies for mitochondrial
function and organ protection (Nature Metabolism, 2021). I n the storage of genetically modified mice,
655 strains of frozen embryos and sperm were stored during this project.

In the project of construction of a mutant mouse database and supply of the mice, we improved a
database of stored mutant mice information and published the information of stored mouse strains
online (CARD R-Base, http://cardb.cc.kumamoto-u.ac.jp/transgenic/). Through this mouse bank
system, 272 strains of genetically modified mice have been supplied to domestic and overseas
researchers.

In the project of construction of a global network of mouse banks, we have strengthened our
collaboration with overseas researchers and research ingtitutions by utilizing the mice, information,
materials, technologies and human resources developed. Information on mouse resources stored in
this project is shared in the database of the Internationa Mouse Strain Resource (IMSR,
http://www.findmice.org/) allows domestic and international researchers to browse and obtain mouse
resources. In addition, we actively interacted with the collaborative research networks of major
universities and research institutes in Europe, the U.S., Asia, and Oceania regarding mouse resources
and mouse phenotyping to strengthen international collaboration. We concluded interdepartmental
exchange agreements with 13 research institutes (Jackson Laboratory, Pasteur Ingtitute, Medical
Research Council Harwell, etc.) that serve as bases in various countries around the world.

In summary, we have established aresearch infrastructure as aresearch and research support center
for drug discovery using mutant mice in Japan. The use of our research center by researchers from
industry and academia will accelerate the development of drug seeds and non-clinical trials and is
expected to create innovations in drug discovery and cutting-edge technologies that will help realize

asociety with along and healthy life span and meet unmet medical needs.
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