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The immunodeficiency animals are valuable ex-
perimental models, not only in the studies of immu-
nodeficiency related diseases, they also have good 
performances in the application of grafting various 
tissues. Therefore, the immunodeficiency animals 
have been widely applied in generation of humanize 
animals, regeneration medical, tumor researches, etc. 
By utilizing the CRISPR/Cas9 genome editing tool, 
we generated a Severe Combined Immunodeficiency 

(SCID) rat model, which carry homozygous mutation 
in both Il2rg and Rag2 gene. These combined muta-
tions caused the retard of both T cell and B cell devel-
opment, as well as the deficiency of functional NK 
cells and cytokines secretion, providing favorable in 
vivo environment for the subsistence and prolifera-
tion of exogenous cells or tissues. Other than the im-
munodeficiency animals that generated by combin-
ing the mutations from different rat strains, our SCID 
rats have a clear genetic background of F344 rats. Our 
SCID rats has been set up a Bio-recourse project, and 
provided to institutes and researchers all over the 
world. In the following studies, we devote to modify-
ing other genes in these SCID rats, to improve the ef-
ficiency of xenograft and alleviate acute xenogeneic 
graft-versus-host disease (GVHD) in the recipient 
SCID rats.

Development strategies of effective treatment for 
human cancers with CRISPR-Cas3 system 
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The genome editing system could be a powerful 

Laboratory Animal Research Center

Division of Animal Genetics
先進動物ゲノム研究分野

Professor Tomoji Mashimo, Ph.D.
Senior Assistant Professor Kazuto Yoshimi, Ph.D.
Assistant Professor Saeko Ishida, D.V.M., Ph.D.
Project Assistant Professor, Tomoaki Fujii, Ph.D.

教　授　　博士（人間・環境学）　真　下　知　士
講　師　　博士（医科学）　　　　吉　見　一　人
助　教　　博士（医学）　　　　　石　田　紗恵子
特任助教　博士（理学）　　　　　藤　井　智　明

Genome engineering technologies achieve a “revolution” in life and medical 
science. These techniques allow us to manipulate genes of interest for several 
purposes. Using those technologies, we have developed many useful strains in 
mice and rats. We are now focusing on generating “humanized animals” or 
“ immunodef ic ient animals”.  These valuable animals can be used for 
xenotransplantation of human cells/tissues including human iPS cells. We are also 
developing therapeutic strategies such as cell therapy and gene therapy with 
genome editing tools.
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genetic tools for development of human  gene thera-
py around the world. However, CRISPR-Cas9 sys-
tem, which is most widely used for genome editing 
tools, sometimes induces off-target, mosaic muta-
tions, and small indels which cause unexpected phe-
notypes. Recently, we have reported that genome ed-
iting using CRISPR-Cas3 system is possible in human 
cells. This novel genomic editing system rarely induc-
es off-target and mosaic mutations. We aim for the 
development of a safe and effective therapy for hu-
man cancers with the use of the CRISPR-Cas3 system.  

We focus on chimeric antigen receptor T (CAR-T) 
cell therapy, which is an effective cancer immuno-
therapy. However, the standard strategy for produc-
ing CAR-T cells is expensive due to using autologous 
T cells. In order to generate autologous CAR-T cells, 
we investigated whether CRISPR-Cas3 system induc-
es genetic modifications on genes involved in graft-
versus-host disease and immune rejection in Jurkat 
cells, a human acute T cell leukemia cell line. As a re-
sult of this experiment, it caused loss of function of 
the target genes in its cells. In addition, we showed 
that this system generate targeted deletions of the tar-
get genes in human primary T cells. This result indi-
cates that CRISPR-Cas3 system could be a genetic tool 
for generating allogenic CAR-T cells.

Photoactivatable Cre knock-in mice and rats for 
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Although the Cre-loxP recombination system has 
been extensively used to analyze gene function in 
vivo, spatiotemporal control of Cre activity is a criti-
cal limitation for easy and precise recombination. We 
have previously established photoactivatable-Cre 
(PA-Cre) knock-in mice at safe harbor locus for the 
spatial and temporal regulation of Cre recombinase 
activity. The mice showed Cre recombination activity 
in a whole-body following light exposure for only 1 h. 
Almost no leaks of Cre recombination activity were 
detected in the knock-in mouse under natural light 
conditions. Spot irradiation could induce locus-spe-
cific recombination noninvasively, enabling us to 
compare phenotypes on the left and right sides in the 
same mouse. Furthermore, long-term irradiation us-
ing an implanted wireless LED substantially im-
proved Cre recombination activity, especially in the 
brain. Furthermore, we recently developed PA-Cre KI 
rats and are characterizing their phenotypes. These 
results demonstrates that the PA-Cre knock-in mice 
and rats can facilitate spatiotemporal control of genet-
ic engineering and promise a useful resource to eluci-
date gene function in vivo with Cre-loxP.
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