[ ERA ]

REEEES: 21im0210115 R/ EHB FFI4EFEIA21H

ARERTIMRBAE RS BITRRRNEE
FEFMBERA ) ~—va VAT e ST A EARF—A (AT
RS

Nz

I EARfEH
WFIEBRRRRES © (HAGE) DMD IZkI9- 27/ DDS & V7= AfmERIRIR L O Bl %
(ZE  FE) Development of Genome Editing Therapy utilizing Nano-DDS for DMD

FEBRsE Eha A « SFcaE8 H 1 H~Sf4 43 H 31 H

MFEBRICEE K4 0 (HAGE) JEHEEKE
(& §B) Akitsu Hotta

WHIERHFEMRE  PTRARRS - B0 - Ak -
(AAGEE) HERY: - iPS M SERT - HEZER

(I FE) Kyoto University, Center for iPS Research and Application, Associate Professor

I1 BFFEBRFEOBE

- AREDE 5

BEHHRDO1HOTHLT 23 = XBF YA bu 7 4 —OMD) I LT, 7/ AmERINEFIH Lic=r VA
¥ v BV UHEIC L D HHIGRIEZ BT 572010, iR EN O BNERIC Y ) A RAERETR & AR~ 26 Y AT
REZR HTHLDSERAN AL L ST D, AIFFRIEE T, ERAOFMEM TS/ AfREICL =7 Vv AF o B
YT RFEBT DO, BTFAACIREE AW EBIRE T/ R (LNP) (2 K 2 2h3/0 70 SERIDEEHN BA 3%
iTo72,

- JRE T/ RiA (LNP) Z& VN7 B A& ki~ 0D RNA 2524 7fr

WIS TEOREP 2T IIO T BB~ OEZNRD @ F A AUIEE TCL053 R L T, 2z
~— R |Z CRISPR Cas9 & gRNA DWNE S % afb U7, £/, LNP BEEEMESLIZ W T T, RS L ORAIS
IED SRR 24T > 72 fth, RNase (2507 DIMAMERRER 4 320 L 72 F7. LNP WEHZ LV & RNA IREEDIR D H 5 =
ENFERTE T, 29 LTI L2 LNP-CRISPR 2~ T AET /L CiHMliT 57202, =7 Y U AF% v B 70N
MINLENT T 2T —ERREATHLAR—F—~v T RE v URADTVA T 4 VBETFO—H%ZE hOHLO
CEEHZ o MEET AU RZAEH L, &EHIEOREGS X OHMERGEEZTT > 72,




« LNP-CRISPR |Z & % K #1350 R

TV AR E TR DVA M T 4 2 N HEIEREINE LTI, T F R AR N DT T

KRR I TWA DS, RIS 3 Ff4R 0 S <, DMD B 13X — IR ICE - THlRl (gl Bt 5- PN 0E L 72 5,
Z D, LNP-CRISPR THIULZ Y / LV TOZT VU AF v BV T RFETE 5720, VAR T & X
7 EOEERIL, RIS EFT DR TRk T 5 & B 27, FEBE, ET A~ R & HWTCMET, LNP-

CRISPR Z#—[RI#& 53257210 T, VAR T 4 2" HOEERDVRS EH 1T FTFH L TW\WD Z & 2R
L7c, ZOEWIEZNEL, DMD BED QoL M LIZHEERTE 2 EHIFFsiL 5,

- BEEIAI B 5 A3 ATRE 72 LNP-CRISPR

F 72, CRISPR Z/ERPIAMRE~ L BET AT & LT, AV Y7 Z—Z W EEFREREE S TBY ., 2%
D RIEGERAFFERE DGR ST SN TS, L LR AV R X — 37 X7 B DR TRl TR Y HUFEMEN
L, —EEETHEFMPIEREESINTLE I =D, “HBEUFEORGERHESNTLE Y, FxrD~vT R
Z AT MREHT IO T, AAV-CRISPR X [0 B &% G-I 7 ARETEE A MR 5 2 L ke o 7223, LNP-
CRISPR IZFB W T, M ARG TH—EH LRAFEDT ) AFEEEEZHERT DN TE L, ZUZEv, &5
Eﬁ%i@é_&fmﬁml%%kf%éiﬁ\ﬁ%%%#%%f%k&%:/??@ﬁ&@%ﬁ%:ﬁé&%
b,

* CRISPR DA 7 Z —/4" > hi¥lli & LNP-CRISPR % ~ 7 A% 5.4% D2 MR

b hUR BT ¢ UG T EIEN E T D CRISPR-gRNA OELFIFEERARF BN 2 AT 3 2 72912, CIRCLE-seq fi##T %
TV, REBRENTUINT 2 WTREME O & D EFTOMMH 21T 572, 512, b NN TEMICIED CRISPR Z/EH
S, R LG A MR D2EREAY R Y ZfRAT L7228, 7/ A DNA IR 28 B8 3Kt ¢ &
2oty EHIT, LNP-CRISPR 5% DM YA ~ 7 A o 5RO 217 —Rei7R RIER A M
ALDOEANRLNTZD, WIS —EBRE CREGRTERBEOLVVIZEE L TV Z 2R LT, &6
(2, fH L7= CRISPR gRNA O A7 &% —% > ks DNA BT U X 7 ORGEZAT 9 72 &, 7/ AfmtE T/ DDS #AIC#E L
7= MR ORI AT o7, £, 26 OREIL. Nature Communications 282G RS 24T > 7= (doi:
10. 1038/s41467-021-26714-w) ,

NS5 E JOFE:
AHFFETHH%E 7= LNP-CRISPR £, RO 7 A AR Y Z—% AW B FIRERST v F v v A% 1
W BEREEEIR & 132 0 | BRI S ATRE T, o —EBlO#E THEA— X — O FHE IR A CE 572 Lo
BN EMAHZTBY ., A%, Tav oy RGO R a7 ¢ —oxbd 5 i 2 e B Ic B Cfrx - e

FZEZTCND, SHIE, Tav=UrXMHYA a7 0 —LSMNT b BIsFERNFERECH & 2 42 #RIE

Z2HHY . T MREICLDBLETEESCER FHE L TR E LI LW 2 AfREIRRIE L L TOIGH b HIFF
N5,

To develop a novel therapy for Duchenne muscular dystrophy (DMD) by inducing exon skipping using
genome editing technology, a novel delivery technology that can transiently and efficiently deliver
genome editing enzymes to muscle tissue is required. In this study, we propose a novel delivery
technology that can deliver genome—edited enzymes to muscle tissue in vivo. In this research proposal,
we developed an efficient nano—drug delivery technology using novel lipid nanoparticles (LNPs) with
cationizable lipids to realize exon skipping by genome editing in muscle tissue in vivo. With the
full cooperation of Takeda Pharmaceutical Company, we found a cationic lipid TCLO53 with high delivery
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efficiency to skeletal muscle tissue and optimized the conditions for internal inclusion of CRISPR
Cas9 and gRNA based on it. In addition, we investigated the conditions of raw materials and preparation
methods to establish an LNP production method, conducted a durability test against RNase, and confirmed
that the LNP encapsulation has a high RNA protection effect. To evaluate the LNP-CRISPR in a mouse
model, we created a reporter mouse that emits luciferase when exon skipping is induced and a humanized
mouse model in which a part of the dystrophin gene of the mouse was replaced with a human one. We
optimized the administration method and validated the efficacy of the method.

Several antisense nucleic acids have already been approved for dystrophin protein recovery by exon
skipping, but they have a short half-life in blood of just over 3 hours, and DMD patients require
frequent (weekly) administration over their lifetime. In this regard, since LNP-CRISPR can induce
exon skipping at the genome level, we hypothesized that the restorative effect of dystrophin protein
would last as long as the target cells survive. In fact, in a study using model mice, we confirmed
that dystrophin protein recovery was sustained for at least one year after a single administration
of LNP-CRISPR. This long drug effect is expected to contribute to the improvement of QoL in DMD
patients.

As a tool for delivering CRISPR to muscle tissue in vivo, a delivery method using AAV vectors has
been developed, and many preclinical research results have been reported in papers. However, AAV
vectors are highly antigenic due to their protein shell, and once administered, neutralizing
antibodies are elicited, preventing a second or subsequent administration. In our mouse study, AAV-
CRISPR failed to show genome—editing activity after the second administration, but LNP-CRISPR showed
the same genome—editing activity after the second administration as after the first. This is expected
to make it possible to expand the range of treatment by administering LNP-CRISPR more frequently and
also to readminister LNP-CRISPR when the therapeutic effect has declined

Furthermore, analysis of blood cytokines and muscle tissue after LNP-CRISPR administration showed a
temporary increase in inflammatory cytokines, but both recovered to the same level as before
administration in about one week. In addition, we verified safety evaluation methods suitable for
genome—edited nano-DDS formulations, including verification of the off-target DNA cleavage risk of
the CRISPR gRNA used

The LNP-CRISPR technology developed in this study is expected to lead to innovative treatment for
Duchenne muscular dystrophy because of its superior characteristics, which are different from those
of conventional gene therapy using viral vectors and nucleic acid medicine using antisense nucleic

acids.
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