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Development of non-viral vector to realize treatment of hereditary disease using
genome editing RNA technology
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This study aims to develop a curative therapy for transthyretin-type
familial amyloid polyneuropathy (TTR-FAP) by introducing a ternary complex of CRISPR mRNA and guide
RNA into hepatocytes using a non-viral vector. We synthesized GN-PaC, PAMAM dendrimers conjugated
with a targeting ligand for hepatocytes and an endosome escape-promoting compound, and formed
complexes with mRNA, confirming its high gene expression efficiency. The hepatocyte-specific mRNA
delivery also reduced the risk of side effects, suggesting the therapeutic potential of TTR-FAP.
This technology can be applied to other genetic diseases of liver origin and has the potential to
open up new avenues for gene therapy.

CRISPR mRNA PAMAM



TTR

TTR-FAP TTR
TTR-FAP
TTR
TTR RNA
siRNA
CRISPR/Cas9
CRISPR/Cas9
PAMAM /
GN-PaC TTR-FAP
CRISPR mRNA RNA  GN-PaC
TTR-FAP
DNA
CRISPR mRNA RNA GN-PaC
TTR-FAP
(H#5)
anlva'fi/LxE%ﬁﬁi
GN-PaC CRISPR mRNA RNA I
TTR-FAP A AT
(Fig. 1) 4 2
- - HBRCONS A AL F (TTR) B FO
;ﬁ;?g,'g;}:f@{ I TN RERGTD /904
GN-PaC Fig. 1 AIF4E0 H /Y
CRISPR TTR-FAP
TTR-FAP
(1) GN-PaC TTR-FAP
PAMAM G3, G4
B - (B -CD) GN-PaC(G3, G4) B
-CD PAMAM (G3, G4) DMSO 65 24
/
3
GN-PaC
(2) FLuc mRNA MRNA Firefly luciferase mRNA pCMV-



Luc DNA Transcription Kit in vitro mMRNA
mMRNA 3 poly A polyA MRNA
(3) MRNA/GN-PaC HBSS GN-
PaC TE FLuc mRNA 15
Z -
(4) mMRNA/GN-PaC MRNA HepG2
HelLa
FLuc mRNA/GN-PaC 37 1
24
(5) in vivo CRISPR mRNA/ RNA/GN-PaC
TTR mRNA gPCR TTR ELISA
(6) FAP invivo CRISPR mRNA
RNA
GN-PaC CRISPR mRNA RNA
TTR-FAP
@) RNA PAMAM
G3, G4 B -CD
GN-PaC GN-PaC PAMAM
(G3) B -CD 1
GN-PaC (G3) PAMAM (G4) Fig. 2 GN-PaC (G4
B -CD 2 GN-pac | 92CNPC(EY
(G4)(Fig. 2)
(2) mMRNA Cap0 MRNA
(FLuc mRNA) Capl Fluc mRNA (CleanCap Flux mRNA)
30 Capl CleanCap
Flux mRNA
(3) GN-PaC CleanCap Flux mRNA PAMAM
(G3), PAMAM (G3) GN-PaC (G3) GN-PaC (G4) CleanCap
Flux mRNA PAMAM
(G3) PAMAM (G4) N/P 0.5

GN-PaC (G3) GN-PaC(G4) N/P 0.5

GN-PaC (G3) GN-PaC(G4) PAMAM CleanCap Flux mRNA
GN-PaC (G3) GN-PaC (G4)
B -CD N/P 100
PAMAM (G3)/CleanCap Flux mRNA 20mv
1300 nm 100 GN-PaC (G3)/CleanCap Flux
mMRNA 20mv 780 nm N/P
200 PAMAM (G3)/CleanCap Flux mRNA 19 mV
1080 nm N/P 200 GN-PaC
(G3)/CleanCap Flux mRNA 18 mV 920 nm
GN-PaC (G3)/CleanCap Flux mRNA PAMAM
/CleanCap Flux mRNA
100 nm
GN-PaC (G3)/CleanCap Flux mRNA
(4) FLuc mRNA/GN-PaC CleanCap Flux mRNA
N/P 100 PAMAM (G3)/CleanCap Flux mRNA
PAMAM (G4)/CleanCap Flux mRNA HepG2 HelLa
PAMAM (G4)/CleanCap
Flux mRNA HepG2
N/P 200 GN-PaC (G3)/CleanCap Flux mRNA PAMAM



(G3)/CleanCap Flux mRNA GN-

PaC (G3) mRNA
(5, 6)
FAP CRISPR mRNA RNA
GN-PaC (G3) GN-PaC (G4) mMRNA
CRISPR

TTR-FAP



Shigeru Kawakami, Hidetoshi Arima 46

Gene and Oligonucleotide Delivery 2022

Drug Metab Pharmacokinet 100462
DOl

10.1016/j .dmpk.2022.100462

Masamichi Inoue, Kyosuke Muta, Ahmed Fouad Abdelwahab Mohammed, Risako Onodera, Taishi Higashi, 45

Kenta Ouchi, Mitsuharu Ueda, Yukio Ando, Hidetoshi Arima, Hirofumi Jono, Keiichi Motoyama

Feasibility Study of Dendrimer-Based TTR-CRISPR pDNA Polyplex for Ocular Amyloidosis in Vitro 2022

Biol Pharm Bull 1660-1668
DOl

10.1248/bpb.b22-00452

Masamichi Inoue, Taishi Higashi, Yuya Hayashi, Risako Onodera, Kazuya Fujisawa, Toru 14

Taharabaru, Ryoma Yokoyama, Kenta Ouchi, Yohei Misumi, Mitsuharu Ueda, Yasuteru Inoue, Mineyuki

Mizuguchi , Takashi Saito, Takaomi C Saido, Yukio Ando, Hidetoshi Arima, Keiichi Motoyama,

Hirofumi Jono

Multifunctional Therapeutic Cyclodextrin-Appended Dendrimer Complex for Treatment of Systemic 2022

and Localized Amyloidosis

ACS Appl Mater Interfaces

40599-40611

Dol
10.1021/acsami -2c09913

Aiko Sakai, Yuki Yamashita, Shogo Misumi, Naoki Kishimoto, Risako Onodera, Taishi Higashi, 13
Hidetoshi Arima, Keiichi Motoyama

Nanoparticles of folic acid-methyl-B -cyclodextrin (FA-MB CD)/adamantane-albumin exhibit 2023
enhanced antitumor activity compared with FA-MB CD alone

FEBS Open Bio 233-245

DOl
10.1002/2211-5463.13540




Yusei Yamada, Toru Miwa, Masaki Nakashima, Aina Shirakawa, Akira Ishii, Nanami Namba, Yuki 155

Kondo, Toru Takeo, Naomi Nakagata, Kelichi Motoyama, Taishi Higashi, Hidetoshi Arima, Yoichi

Ishitsuka et al.

Fine-tuned cholesterol solubilizer, mono-6-0-a -D-maltosyl-y -cyclodextrin, ameliorates 2022

experimental Niemann-Pick disease type C without hearing loss

Biomed Pharmacother 113698
DOl

10.1016/j .biopha.2022.113698

Hidetoshi Arima 13

Twenty Years of Research on Cyclodextrin Conjugates with PAMAM Dendrimers 2021

pharmaceutics 1-30
DOl

10.3390/pharmaceutics13050697

8 1 1
MRNA
143
2022
143

2022




38
2022
DDS
7
2022
37
2021
Al

142

2022




142

2022

Hidetoshi Arima

Potential Application of Cyclodextrins as Targeted Drug Carriers and Active Pharmaceutical Ingredients

10th Asian Cyclodextrin Conference

2019

https://ww.daiichi-cps.ac.jp/education/lab/454/

(Jono Hirofumi)

(40515483) (17401)




(Hiroaki Kitagishi)

(60448090)

(34310)




