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Legionella pneumophila str. Paris
lpp0160-lpp0163

Streptococcus thermophilus
str0657-str0660

Neisseria lactamica 020-06
NLA_17660-NLA_17680
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Nature Reviews Microbiology 15,
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Archaeoglobus fulgidus
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Clostridium kiuyveri
CKL_2758-CKL 2751

Bacillus halodurans
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Sputcn32_1819-Sputcn32_ 1823

Cas3

Thicalkalivibrio sp. K90mix
TK90_2699-TK80_2703

Rhodococcus jostii RHAT

No scissors?

RHA1_ro10069-RHA1_ro10072

Staphylococcus
epidermidis
SERP2463-SERP2455

Synechocystis sp. 6803
slI7067-s117063

Methanothermobacter
thermautotrophicus
MTH328-MTH323
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Nat Commun.10(1):5302,2019

ARTICLE
OPEN

CRISPR-Cas3 induces broad and unidirectional
genome editing in human cells

Hiroyuki Morisaka® 2", Kazuto Yoshimi>*", Yuya Okuzaki® >", Peter Gee® >, Yayoi Kunihiro® 3,
Ekasit Sonpho“, Huaigeng Xu® 5, Noriko Sasakawas, Yuki Naito®, Shinichiro Nakada’, Takashi Yamamotoa, v
Shigetoshi Sano2, Akitsu Hotta® 5*, Junji Takeda'?* & Tomoji Mashimo3410+ o
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& PAM
Chromosome 2 Chromosome 3

Casbh Cas7

CRISPR-Dx (Diagnostics)
Recognition seq (Longer than that of Cas9 gRNA!) A0 FRRDUTF v I\/
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Potential PAM : AAG (+ TAG, AAC, GAG, AGG, ATG) ER—— [ 4%%41%6940086%]
iScience. 25(2):103830, 2022
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CRISPR-Cas3 vs Cas9

CRISPR-Cas3 CRISPR-Cas9

— Helicase Cascade
S Target DNA
ﬁ" , ’ ;llllllllllllllll
A crRNA 5 i ,
: @ i ', INEEEEEEE .
_ lllllllllllllll 20 nt spacer "
) A tracrRNA
27 nt spacer o Multiple Science, 337,808 9,212) .
class Class 1 type | Class2 type Il
nuclease Cas3 (strong helicase and nuclease) Cas9 (endonuclease of blunt-ended DSB)
PAM AAG, ATG NGG (SpCas9)
spacer 27 nt 20 nt
targeting large deletions (hundreds to thousands bp) small indels (1 to dozens bp)
patent Osaka university Broad vs UC Berkeley, others
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The NEW ENGLAND JOURNAL of MEDICINE

BRIEF REPORT ‘

CRISPR-Cas9 Gene Editing for Sickle Cell
Disease and [3-Thalassemia

GENE EDITING WITH CRISPR

CRISPR-Cas9 gene editing is helping to tackle sickle-cell disease in two ways.

Ex vivo gene therapy

casgevy

— (exagamglogene autotemcel)

suspension for [V infusion

A Transition from Fatal to Adult Hemogiobin

BCL11A is a transcription factor
respansible for the repression
of HbF expression

Fetal {HbF)

Using a guide RNA, the Cas9 enzyme can
target and repair the faulty B-globin gene.

B-globin gene

Sickled red blood cells
2
L =

84

T replaced
with A

Corrected
base

Incorrect
base

B-globin
Gene repaired and normal @ Normal red
red blood cells produced. t blood cells
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Cas9 promotes the production of fetal
haemoglobin by breaking a gene that
encodes a repressor such as BCL11A.

gene

@ -

AL Ay

8 \9_’3
Fetal
haemoglobin

BCL11A

DNA damage and %
error-prone repair

— &8
Production no longer blocked and
sickling of red blood cells prevented.

Fetal haemoglobin

oDy (L —
BCLllAL S

B Targeting of Editing Site

7 Guide RNA
T cast
DNA

3 8

Globin Synthesis (%)
t
]

TN/

BCL11A

Enptheoid

enhancer region

S A, / AP——

sgRNA target sequence  PAM
e

i1
E TAGTCTAGTGCAAGCTAACAGTTGC ATCACAGGCTCCAGGAAG

Months after Birth

ATCAGATCACGTTCGATTGTCAACGAAAATAGTGTCCGAGGTCCTTC
| - |
GATAL binding site

Fetal Hemaglobin (% of total hemoglobin)
&
1
PR

Edited

| ar=2 mismatches snd 1 DNAJRNA bulge |

D Identification of Potential Sites of Off-Target Editing

Laboratory-based
Emipirical detection with GUIDE-seq
of sites with potential for DNA
double-stranded breaks

l l

Sequence similarity
Computational identification of all
genemic sites with =3 mismatches;

Candidate regions 1 Candidate regions identified
N =1 on-target sit N =1 on-target site (positi
N =171 candidate N = 52 candidate off-tary

i L l"

Hybrid-capture high-coverage sequencing of candidate regions
Mumber of CO34+ HSPC donor samples: N=4

nitrol)

Number of sites {on-target and candidate offtarget): N = 224 regions
Sequencing depth [medianj: 15, 188-fold
Editing detaction threshold: =0.2%

lofl
oofz23

On-target region (editing detection):
| Candidate off target region {editing detaction):

H Frangoul et al. N Engl J Med. 2021 Jun 10;384(23):e91.
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In vivo gene therapy

@. B4 - HlREE - E-FAEERNRCE705 7L (BE - #ik
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CRISPR-Cas9 in vivo7' / LiREERHE | INRESBEEADIEER |

I RESEARCH SUMMARY |

CRISPR-Cas9 In Vivo Gene Editing for Transthyretin Amyloidosis —_ Eevs N Ads go S
Gillmore JD et al. DOI: 10.1056/NEJMoa2107454 %R * % E*}I.%Eﬁ j-L’Fﬁ

e — . THE INSTITUTE OF MEDICAL SCIENCE

(TTR) protein accumulates, primarily in the nerves = e TR — THE UNIVERSITY OF TOKYO
and heart, and is ultimately fatal. Current therapies i Yy el 1
reduce amyloid formation through repeated infusions a : a s >
that can have serious adverse effects or require infu- 7 A¢ & 2 1
sion premedications. These treatments slow but do [ ) 4
e N >
_— o~ >
~E7§\ l 1‘—~A | ATTR7IO4 F—%2
A < /ATR -

not stop disease progression.
mRNA-LNP (Cas3 or Cas9)

CLINICAL TRIAL

i Apot proten

Study Design: An open-label, phase 1 clinical study
evaluated the safety and pharmacodynamic effects of

A i dmbuton o e
NTLA-2001, a CRISPR-Cas9-based in vivo gene-edit- |\ through hepatic artery
ing therapy targeting TTR in human hepatocytes, in A
adults with hereditary i idosis and
polyneuropathy with or without cardiomyopathy.

Intervention: 6 patients received a single intravenous
infusion of NTLA-2001 at a dose of either 0.1 or 0.3 mg
per kilogram of body weight.

Apof proten

resuirs
o p=r—F

Efficacy: At 28 days after infusion, TTR levels were

DLrcetor
reduced from baseline with both doses; the reduction | ..o, . - (o .
was greater with the larger dose. ¥ Endocyosis of 1P o)
Safety: Adverse effects occurred in 3 patients and were] i}
mild, e / . j o __
Genomic oA i
Complemeony z -
e CRISPR-Cas3 in vivos / L ﬁ%

=

5 T
Noncormplemertary

s \ AMEDZEER K
PoCER{S CRISPR-Cas3 mRNA-LNPIZ & %

Further study is required to understand the following: et e

atopiasm

\ TTRETFILT Y X J

= The duration of TTR reduction after a single infu-
sion of NTLA-2001 at the doses used in this study
and at higher doses

= Clinical outcomes in these 6 patients and in larger
trials

TR gene,inducing
targetd DNA cesvage

= Whether other adverse effects, including offtarget
gene editing, occur in the longer term TRspecic

Spy Caso
e pr
G endonudease

Links: Full Article | NEJM Quick Take | Editorial

Casg-<gRNA ribonucleoprotsin
send
Tag

ID Gillmore N Engl J Med ﬁl@% ‘mimm;m
202 1; 3 85 :493_502 NUCLEUS. (aﬁJg:::.;\m‘n:‘:wmﬁn e

invivo7 / LiREREEDRF
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7IOMFA L FICABELBRETEE-T
v BIGHATTR (ATTRV) 72O F— X
v BAERIATTR (ATTRwt) 7EAA/F—L R

LA oz ATTR-CM ATTR-PN BRI LT
) ATTR7ZzOA4F
TTRBIEFOERICED
MBEDFREICHED .
- BRI AR FEOA FQMEHMRE
'/ ADNA ;ﬂ:\l; w)-:; 5 ?}:
W'V e EEED
- M = — Y 2 ﬁr@i :

TTREEF BinFHR Tmllﬂc TTRE S {& TTRESE kD FIOAREE
52735—}2{?4‘/7

Dohrn et al., Neurol Res Pract, 2021 s f— = s ~ a3
BinFaE BERESE X77IVRA
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.%\% ﬁt %& ATTR amyloidosis

50000 worldwidel 830 Japan? SOOK worldwidel 3000 Japan?

ATTRv amyloidosis patients ATTRwt amyloidosis patients
1 Glob Cardiol Sci Pract 2023; 2023(1) : €202304 1 Glob Cardiol Sci Pract 2023; 2023(1) : €202304
2 PEOAR-3RCRATZRAMIL. TR27EEMIEMFIMEE. 2016: 31-43. 2 BRI H—HP. BREFAZE
SE) ILTE0MR-S R K54 2019, AAEREF 2% | THEROBELEKI10000 ¢ BEECRRCSVRE CHDBIS CL VL BERENSAGE
ALt ** 80 LA_E DEIARFEBIDS512%ICTTRWLDILEZERSHZ (Mod Pathol 2011)

1 O years? (early onset V30M, FEENSDOEIRED 3 . 5 years3 (FEEZRIN S DA TFHARE O HR 51E)

7 years3  (late onset V30M, FEAENSDFIRED

ATTRwt amyloidosis patients
3 LTE0AR-SRBEAARSA> 2019, BABIERR TS

2 = 3 years3 (OEMREMES], FEENSDFTRED

ATTRv amyloidosis patients, early onset V30M TZ ATTRv-PN > ATTR-CM

3 L7I0MR-SREEAM1RS1> 2019, BARRGBFSE
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ATTR-CM3ZRaE (mxmcomBRRE)

Emi —i% it DR {EREMS DDS% AGRE - =1 B 5208 ATTR-CM2) (v and wt)
FDAIZNEEBINEREEZEI F U (2023.10.09)
US/EU2018 5 ‘
3”5’?}2; patisiran Alnylam SIRNA 2-OMe | k5%l 2 Jé oo | TTRMRNA | ATTRV-PN | féfgqﬂ) Alnylam#t (3. patisiran OBHE A% R E I
7 vutrisiran®FARICSEN I35 E .
U?é E2UO220222 ATTRV-PN
PS (partial
US|t Alnylam sirna | PO (Partial) s i ) TTR MRNA 5217 25 mg/El (EE5E5T-FEER 57K
FLIRS 2'-OMe, 2'-F T (1E)/318)
P 2025 ATTR-CM
EU 2011
idi ATTRv-PN = 1 cap (20 mg) /@
Vy\nd“aqel Tafam@s Pfizer BDF - Capsule JP 2013 :E;Ti i
E>49T) meglumine FEAERI (1m=1/8)
3P 2019 ATTR-CM 4 cap (80 mg) /@
BridgeBio US 2024
ttra 4 TTR T4 1=
Beyontira = - oramidis Bayer EST - Tablet EU 2025 | ATTR-CM 4 2 cap (356 mg/cap) /@
(=2 . nl:ll:ll:lmll_ (2@/5)
Alexion JP 2025

1) fERBIASORE (GalNACIEERRL) 2) LNPEE| 3) GalNAc-conjugate®&| 4) USHRFSH&: Attruby DAWR-CMG)@:DE’\J@)‘E“%& (R T ARENRBVES I RILE UL FERIRR)

FFEmE bag ] BAFEE% FAFEES P "= < —
pre——s TTIRYT / LR

_ " = . E ‘,w MEST .n‘\\/ BF NN

NTLA-2001 TTRY J LWiREE Intellia/Regeneron P3iB% #EITH | IS COMARTAR (TTREEAS) ; :n%

Eplontersen N . - TS 1E/8 (4:8) . l

(B2 Wainua) % i Ionis/AstraZeneca P35tER EITH By DA ETAE EIEHQ#’CGJ
. Neurimmune / Plb/2:tER 1T | -=madE. 1E/8 (48) R
NI006 PTTRILA AstraZeneca Hh DERISEBE U040 REfRE




FRMHAS

¢o NSOAYALFOBTZ014 R—> ZATTRDIEFGRPoCEVS

Modified crRNA
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(Ishida et al. Nat Biotechnol 2026)
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CRISPRY'J LiREICE DA T I -5y hEEfHER

Cas3lc LB KM=

23kb

: Bdgalt6-ex9

tIR(C X S2E (LD)

B4galt6i&{nF
BB (CHERU

B #2 » G211
Tir B4galté
0. CIRNA mp! "
1 —s—Cas3_Hepal-6 Fobuici L
2000 —o—Ctrl_Hepal-6 g‘m
&
n 1500 g
5 08
3 chr18: 20794355~20820355 =
1000 3
500 o0
tf@ P f,\ P
2" "f'i,;"‘
a = ' opasata—— q"”go’-‘?p é"a,o"
2072000 20750000 20800000 20ELG0D 20820000 20820000 20840000 1 Tirexd [ Bdgalté-exs
ALY
—45'y hEth (POT)
Cas3ATIHI—5'Y POT
100- _ on-target
— Cas3 - cri#2 - . Editing
o target gRNA Chr# | Count | Fifll
o 80+ )
; 60 Ontarget | MGGAGMATMETMCETICAEIMA | 1 | 9442 | 560
o 7 GAGGAGAMMAN A TCATACTCEAL
= POT93 VARSIt | a7 | a2 179
E 40+ POT295 | ATCGAGAACMAGTATC 13| 261 | 155
=
o 20+ Potential off-target
c - “
3 o a e
3 0 . Cas3AJ5—-5'y b

11234568 9101213151618 X

(Ishida et al. Nat Biotechnol 2026)

ZEE|U!

10009 Cas9 - G211 on-target SoRNA
T s R R TR e
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