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Genome engineering technologies have advanced life science and medical
research through precise genetic manipulation. We have generated diverse mouse
and rat models, particularly humanized and immunodeficient animals for
xenotransplantation studies. In parallel, we are developing safe and effective
genome editing strategies based on the CRISPR-Cas3 system, which offers high
target specificity and large-deletion capability. These technologies are applied to
gene therapy, cell engineering, and disease modeling, while national platform
projects support rat research through resource development and distribution.
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Gene therapy using genome editing holds prom-

ise as a fundamental treatment for hereditary diseas-
es, and its efficacy has been confirmed in several re-
cent clinical trials. However, concerns regarding
safety remain. We have been developing a CRISPR/
Cas3 system, which has a longer target recognition
sequence compared to Cas9, thereby reducing the
risk of off-target effects. Additionally, Cas3 exhibits
the unique capability to induce large deletions in the
genome, making it a promising tool for achieving pre-
cise and safe genetic modifications. Our research fo-
cuses on developing safer in vivo gene therapy ap-
proaches using the CRISPR/Cas3 system.

Transthyretin amyloidosis (ATTR) is a systemic
disorder caused by the deposition of misfolded tran-
sthyretin (TTR) proteins in various organs, leading to
organ dysfunction. ATTR can be classified into two
types: hereditary ATTR (ATTRv), which is caused by
mutations in the TTR gene, and wild-type ATTR (AT-
TRwt), which develops with aging in the absence of
TTR mutations. Current treatments primarily include
siRNA-based therapies to suppress TTR production
and TTR stabilizers to prevent fibril formation; how-
ever, these treatments require continuous administra-
tion. Therefore, the development of genome-edit-
ing-based therapies offers a promising alternative for
a more permanent solution.
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In our study, we successfully achieved approxi-
mately 75% reduction in serum TTR levels — a thresh-
old associated with clinical efficacy — by delivering
modified mRNA encoding CRISPR/Cas3 via lipid na-
noparticles to the liver, which produces about 90% of
TTR. Unlike CRISPR/Cas9, which has been reported
to introduce new mutations and off-target effects, our
CRISPR/Cas3-based approach did not result in the
generation of mutated TTR variants, demonstrating
its superior safety profile.

This study provides a novel genome-editing strat-
egy using CRISPR/Cas3, offering a safer and more ef-
fective therapeutic option for the treatment of various
hereditary diseases, including ATTR.
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The CRISPR-Cas9 system is widely used as ge-
nome editing tools all over the world. Its high effi-
ciency of genome editing leads to development of a
lot of novel therapeutic modalities; however, off-tar-
get genome editing should be carefully evaluated in
terms of safety issues caused by unintended and un-
desirable mutations in human genome. The CRIS-
PR-Cas3 system has been shown to have lower off-tar-
get activity compared to Cas9. Here, we demonstrated
successful application of the CRISPR-Cas3 system to
generate allogenic T cells by deleting two clinically
relevant genes, the endogenous T-cell receptor
(TRAC) and beta-2 microglobulin (B2M), in human T
cells to reduce activity of graft-versus-host defence

and immune rejection. Importantly, no off-target mu-
tations were observed in TRAC or B2M deleted cells
generated with the CRISPR-Cas3 system, whereas
off-target mutations existed with the CRISPR-Cas9.
Thus, the CRISPR-Cas3 system is advantageous strat-
egy in terms of safety concerns for development of
allogenic T cell therapies.
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The rat has a history of more than 100 years as a
laboratory animal, accumulating physiological and
pharmacological data. As the development of genome
editing technology progresses, modifying genes in
rats has become much easier, making laboratory rats
more valuable in contemporary research. Various ge-
nome editing technologies have been developed and
utilized to create useful rat models.

Participation in two platform projects has actively
promoted rat research. The National Bio Resource
Project-Rat (NBRP-Rat), launched in 2002 with Kyoto
University as the core institution, is a world-class re-
source center that has collected and preserved more
than 800 rat strains to date. Under genetically and mi-
crobiologically controlled conditions, three immuno-
deficient rat strains—I12rg knockout, Rag2 knockout,
and I12rg/Rag2 double knockout—are provided to
researchers. To date, more than 150 material transfer
agreements (MTAs) have been concluded, resulting
in the distribution of over 1,000 immunodeficient rats.

As a member of the Advanced Animal Model Sup-
port Platform, we provide support for the generation
of genetically engineered rats. To date, more than 120
rat strains have been successfully generated, includ-
ing strains developed in response to requests from
domestic researchers to support life science research.

Publications

1. Urasaki M, Nagasaka K, Kido M, Hayashi K,
Watanabe A, Hattori K, Sekiguchi T, Kuwamura
M, Tanaka M, Mashimo T, Kuramoto T. A non-
sense mutation in the Mocos gene induces xanthi-
nuria, obstructive nephropathy, and anemia in
rats. Exp Anim. 2025 Dec 3. doi: 10.1538/expa-
nim.25-0127. Epub ahead of print. PMID: 41338991.

2. Gospos ], Laubach M, Savi FM, Ravichandran A,
Bauer ], Friedrich O, Holzapfel BM, Wagner F,
Mashimo T, Saifzadeh S, Hutmacher DW, McGov-
ern JA. Dynamic assessment of a humanized bone
tumour microenvironment reveals insights into
osteosarcoma primary tumour remodelling and
lung metastases. Sci Rep. 2025 Nov 28;15(1):45619.



204

doi: 10.1038/s41598-025-29941-z. PMID: 41315643;
PMCID: PMC12753712.

. Nakamura Y, Nishimura-Yano Y, Nishimura M,
Kokubo T, Daino K, Takabatake M, Nagata K,
Mashimo T, Kakinuma S, Inoue K, Imaoka T.
Spontaneous and Radiation-induced Mammary
and Thyroid Tumorigenesis in LEW and (SDxCOP)
F Brcal“* Rats. Anticancer Res. 2025 Nov;
45(11):4869-4880. doi: 10.21873/anticanres.17834.
PMID: 41151915.

. Saika H, Hara N, Yasumoto S, Muranaka T, Yoshi-

mi K, Mashimo T, Toki S. Versatile Genome Edit-
ing Using Type I-E CRISPR-Cas3 in Rice. Plant
Cell Physiol. 2025 Oct 28:pcaf138. doi: 10.1093/
pcp/pcafl38. Epub ahead of print. PMID: 41147788.
. Maeda Y, Motooka Y, Akatsuka S, Tanaka H,
Mashimo T, Toyokuni S. Iron-catalyzed oxidative
stress compromises cancer promotional effect of
BRCA2 haploinsufficiency through mitochon-
dria-targeted ferroptosis. Redox Biol. 2025
Sep;85:103739. doi: 10.1016/j.redox.2025.103739.
Epub 2025 Jun 24. PMID: 40609478, PMCID:
PMC12270739.

. West S, Natalwala A, Singh Dolt K, Lamont DJ,
McMillan M, Luk K, Mashimo T, Kunath T. Gly-
cine-to-aspartic acid mutation at codon 51 in Snca
disrupts the synaptic localisation of a-synuclein
and enhances its propensity for synucleinopathy.
Brain Commun. 2025 Jun 6;7(3):fcaf224. doi:
10.1093/braincomms/fcaf224. PMID: 40574971;
PMCID: PMC12198753.

. Bhatia S, Hipwood L, Claxton B, Bessot A, Weekes
A, Sokolowski K, Mashimo T, Bock N, McGovern
J. Divergent effects of premineralization and pre-
vascularization on osteogenesis and vascular inte-
gration in humanized tissue engineered bone con-
structs. Acta Biomater. 2025 Jul 1;201:665-683. doi:
10.1016/j.actbio.2025.06.019. Epub 2025 Jun 11.
PMID: 40514004.

. Yamada Y, Urakawa N, Tamiya H, Sakamoto S,
Takahashi H, Harada N, Kitakaze T, Izawa T, Mat-
sumua S, Yoshihara E, Inui H, Mashimo T, Yamaji
R. Nrf2-and p53-inducible REDD2/DDiT4L/Rt-
p801L confers pancreatic 3-cell dysfunction, lead-
ing to glucose intolerance in high-fat diet-fed
mice. ] Biol Chem. 2025 Jun;301(6):110271. doi:
10.1016/j.jbc.2025.110271. Epub 2025 May 21.
PMID: 40409543; PMCID: PMC12206130.

9.

10.

11.

12.

13.

14.

Kaseki S, Sonehara R, Motooka Y, Tanaka H, Na-
kamura T, Osuka S, Akatsuka S, Kajiyama H,
Mashimo T, Imaoka T, Toyokuni S. Susceptibility
of Brcal®™*™ rat to ovarian reserve dissipation by
chemotherapeutic agents to breast cancer. Cancer
Sci. 2025 Apr;116(4):1139-1152. doi: 10.1111/cas.
16412. Epub 2025 Feb 3. PMID: 39901592; PMCID:
PMC11967261.

Ishida S, Taguchi K, Iida R, Hattori K, Taketsuru
H, Yoshimi K, Yamamoto M, Mashimo T. Diverse
Cre recombinase expression pattern in Albu-
min-Cre driver rats. Exp Anim. 2025 Jul 11;74(3):
328-334. doi: 10.1538/expanim.24-0174. Epub 2025
Jan 22. PMID: 39842783; PMCID: PMC12270594.
Neyama H, Wu Y, Nakaya Y, Kato S, Shimizu T,
Tahara T, Shigeta M, Inoue M, Miyamichi K, Mat-
sushita N, Mashimo T, Miyasaka Y, Dai Y, Nogu-
chi K, Watanabe Y, Kobayashi M, Kobayashi K,
Cui Y. Opioidergic activation of the descending
pain inhibitory system underlies placebo analge-
sia. Sci Adv. 2025 Jan 17;11(3):eadp8494. doi:
10.1126/sciadv.adp8494. Epub 2025 Jan 15. PMID:
39813331; PMCID: PMC11734720.

Motooka Y, Tanaka H, Maeda Y, Katabuchi M,
Mashimo T, Toyokuni S. Heterozygous mutation
in BRCA2 induces accelerated age-dependent de-
cline in sperm quality with male subfertility in
rats. Sci Rep. 2025 Jan 2;15(1):447. doi: 10.1038/
s41598-024-84184-8. PMID: 39747609; PMCID:
PMC11696240.

Tsuboya N, Sawada H, Mitani Y, Oshita H, Ohya
K, Takeoka M, Kabwe JC, Miyasaka Y, Ito H, Yo-
doya N, Ohashi H, Maruyama ], Okamoto R,
Mashimo T, Dohi K, Nishimura Y, Maruyama K,
Hirayama M. C-C Motif chemokine receptor-2
blockade ameliorates pulmonary hypertension in
rats and synergizes with a pulmonary vasodilator.
Cardiovasc Res. 2025 Jul 8;121(7):1076-1090. doi:
10.1093/cvr/cvae244. PMID: 39556088; PMCID:
PMC12236072.

Tokito R, Oishi K, Sugiyama T, Fujisawa Y, Kuba
F, Yoshida K, Yoshida K, Yoshida M, Tanaka Y,
Amo T, Yamaguchi N, Akiyama T, Imai Y, Yoshimi
K, Koide T, Kurihara Y. COXFA4L3 enhances mi-
tochondrial complex IV function to boost ATP
synthesis and drive sperm motility. Mitochondri-
on. 2026 Jan;86:102082. doi: 10.1016/j.mito.2025.
102082. Epub 2025 Sep 28. PMID: 41027500.





