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* CRISPR/Cas9IZ £ 584/ LREDRE

/99T (KO) DA (KD)

) Reporter Human
indels KIER % SNP  Tag  flox (GF%, Cre) genes

FIL9A4X #bp ~100Kb 1bp  #+bp #HHbp ~200Kb
2 % SEENILIAORL— 3>
3 (%) 50-100  10-30 10-30 5-20 5-10

U

BRER YA XD KRENERHEE, TEEFANS !

SERDRRE: Bkb/voA12 DT/ LRERMHWLE !
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CRISPR. CasO B D HY#A A

dead Cas9 (dCas9)

® tNHTL7EL Cas9 (dead Cas9) M EIFEINTLVA,

® dead Cas9lE. VILYH—RALURIETIVFR—F—R AL EFEESET-
Cas9M' . B FRIZFATITE5TOET—F2—EHEHEFICHEL. EGFDOHR
%A% (CRISPRI) . RITEEFDRIRE LT (CRISPRa) HD XS, FREH K
BN (GFP) Z g B LTI =B FZ AL B Y. AF5—E . TAFIT—

TEHBESETAFIVIE RAFILIELIZY T H3DEH 5,

transcriptional
repressor domain

transcriptional
activator domain

RuvC ™ RuvC ™
(a) {
G
Gene T
ationy L 8 JITTIIIIT [T I
reguiation TN TN
HNH™ HNH™
o] SORNA o SORNA
(b) RuvC = RuvC *N
Cargo e A i
T T T T

. 5 g
delivery I, & TN,
HNH™ HNH™
5 SgRNA o SgRNA
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128D

® Target—AID or Base Editor (BE)
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2. T LREICEBDREE
- AT HIREESR (MEEBK ! ) ORERE. HMiesE
« ALHIREEZRDEREE (ATHY—Tv hEE)
« BRI (C K DEREEYOR K
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FeE €D 1 ¢ ALHIREZRORERE

« ATHIPREEZRDEZIRE

> 65%I(CHispCasofiik. 79%I(CHiSaCasoiR. 46%(HiSaCas9
THHR (Charlesworth et al., BioRxiv, 2018)

> 2.5%I(CH1spCasotifk, 10%(CH1SaCasoiik (ELISA)
(Simhadri et al.,, Mol Ther Methods Clin Dev, 2018)

> AAV-CRISPRODVY DI X Ei&inie5#%&. Casolcxid &% -
R I E (Chew et al., Nature Methods, 2016)

> REIRMEORERT : ROT—DMBE., 5FE. %58,
JOE—45—4FRME BE. etc

> ex Vvivo vs. in vivo. 9> )\ TEA
> BEXOU—-—Z"7

o e ?
« R (OEFOIaELDEEFMN?
BT ((TH0) RO ARESINDBITHRERTZ O 1T
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A 75—

HRTD 2 ALHIREROEGSE

(ADTH—5v hNEE)
FyNREDTER S X

JO9SLTERATHAE

1. CRISPRdirect
https://crispr.dbcls jp/

2. CRISPOR
http://crispor.org

3. CAS-OFFinder
http://www.rgenome.net/cas—offinder/

4. FORECasT (Favored Outcomes of Repair Events at Cas9 Targets)
https://partslab.sanger.ac.uk/FORECasT

EEDEERTHERT 55k

1. GUIDE-seq (genome—-wide, unbiased identification of DSBs enabled by
sequencing)

2. Digenome—seq (/n vitro Cas9—digested whole—genome sequencing)

3. CIRCLE-seq (circularization for in vitro reporting of cleavage effects
by sequencing )

4. VIVO (verification of in vivo off-targets)
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Intended target site

® In siIico'C*‘7J'7'3‘—’72‘yM'?E*ﬁ%ﬁﬁ’&%/ﬂ'lLA
PCRIBIEER RN —4HFH—IZ&KY redtion
TA—To—r RS BFE
VIRHERRE 0.1%LLF?
v £ TDoff-target siteZ F B TE=SHREEE

7(.d: L \ Predicted off-target sites

A J

j} Cleavage with Cas9—gRNA

0 & /LL—HURIZEYRETEHE %

v *ﬁtlj "_‘\F""_ ~1%? Targeted PCR amplification

v oO——2 5 LM TIIEEIZLVE ———
AREEMNASAEEM

Detection of Cas9-
mediated mutations
at amplified sites by

'l high-throughput
sequencing or
biochemical assays,
such as the T7E1 assay

(Tsai SQ et al. Nat.Rev. Genet 17,300,2016)
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BLESS (2013)

h Fix cells

N7

Isolate and
permeabilize

nuclei
DSB

In situ adapter ligation

|
DSBEBHLIZbiotinSNJLTE T

A—HFEEIE . avidinTEIRE.

REK—UITR
BRERE ~1%

Breaks labelling, enrichment on streptavidin
and next-generation sequencing (BLESS)

Guide-seq (2015)

/ DSB\

& D

—— dsODN

\

dsODN tag d<DNA in

cell genome

Tag integration in live cells

lTag specific amplification

High-throughput sequencing

DSBIZLYNHEIAFEZ BRI
dsODNZEHIYAFE . HHEM
7547 —% AL \f-LAM-PCR
®.RERS—VTIR
BRHERBER ~0.1%

HTGTS(2015)

/prey DSB

——
\bm B/

|

Biotin

Streptavidin
o=

P

LAM-PCR and

enrichment

High-throughput sequencing

High-throughput genome-wide
translocation sequencing

DSBIZKADEREEERM I % . 452
TS A4~<—% B -LAM-

PCR, RtEHKL—HU IV RXT
B

BRHEBER ~0.1%

V EHEIZEENENRFE. FHEHY
V INbDHEEZRAVTLHETTRITLAMEL

v ERICERETOMRROEEZRHZLILTSHL

(Tsai SQ et al. Nat.Rev. Genet 17, 300,2016)

Ty ZEEDgenome-widetk H i

Digenome-seq (2015)

ot
a‘-a“ ) )
) ot T Insertion (-]
ﬁ"‘ [T

b
@,

l {+) RGEN

[T ™ T (+)
Target site
(partial cleavage)

1 WGS

[ Indels

Count the number
of szquence
reads with the
same 5 end

o

Count

e ©mo® 0 CEo¥ilon

Mucleotide position

Cell-free TDSBi& . &4 /L —4
IVAL. BA—5XimELTHRE
BRHBEE 0.1%LUT
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[BIRE€D 3 : ATH—Tvw NUASIDODNAZSE
MeszooeEE |
=0 - IRHIE
,’fﬁrg/ Ho5—4y e <0001 (0.1%]? « #pf%, large deletion?
R+—DNADS >4 ~0.05 (5%)? - {HEIHEB R 218
LEBRINDHEFHAG o - HRBEEE - dsDNA
= >10 L
DNA 8T (1510° #if8E LO) iPSHERD
fEAFHD ~106 «c ATH—Tw NEE
DNA/SU 77> b~ EDXA

« SBRDNANER SRV = BEZRDIFIC< L)

e in vivoyx :

A5 -0y MEEDEE
ERIIFMEE NT J AEDELY
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[ERE€D 4 7/ LIRED R EE5HE : REARERE RS

Non Homologous End Joining

¥ NHEJ Nucleolide y2nd DSB
Accurate repair
P YNHES J NHEJ
—— | = —
Potential LOH Translocation

Homologous Recombination

Lk

Accurate repair Potential LOH

Chr 12
t(12;15)

IgH <

Chr 15

c-myc -;.D

Ferguson & Frederick :DNA double strand break repair and
chromosomal translocation: Lessons
from animal models. Oncogene 20: 5572 (2001)

A ‘LGIV LGVi

chromosomal
translocation

CIEEETED
[
Chen et al:Targeted Chromosomal Translocations and Essential Gene

Knockout Using CRISPR/Cas9 Technology in Caenorhabditis elegans.
Genome Research 2017

Chr 11 Chr 22
FLI1 EWSR1
@mn x4 mpape Ex5 ap ¢ :
P o e
F1 F2 E1 E2
der(22)

EWSR1/FLI1

Negative t(11;22) Positive 1(11;22)

Torres et al: Engineering human tumour-associated
chromosomal translocations with the RNA-guided

CRISPR—Cas9 system. Nature Communications 2014 29



IRET@M 5 : CRISPR-CASIIZ KDY/ LimE(Tps3(2LD
DNAZ A—T % 5| E#ET

RPE1 p53™~ RPE1 p53** 3 _ P<0.014 s Cas9 ANP

100 5 *G1phase Casg ANP + 5 uM
® S/G2 phases P<26x10° { palbociclib
N
8014  pso77 B F o
. 1 <
. - W
60 4 I “B 4 P<0.017
L&)
FP=068 P<igxig? +
1 =X L 1
40 + i
(U] g
- - o
20 R —
0 T T T T D T T
Mock Cas9 RMP Maock Cas9 RNP RPE1 D53—.-'— RPE1 |:r53“'-'

O G1 phase
B S/G2 phases

CRIPSPR/Cas9iZ L 57/ LR Z 0N AMFIEE T T 2ps3KO b I HEfEsHE
AT 2 ER LT ) ARETE D0, EFMIETIEYZ U AR—1Zx%HL
L COAMGEG MBI E, REICKRILST WD & 2w, P3O ETHl
FASBEATED | BIEMNMEIETH L0, FH DT, fiRE L TH A DOZNN
UV 2 < B A ATEEMEN & B & FafE

RPE1 ps3™ ™, RPE1 p53**

Haapaniemi et al: CRISPR/Cas9 genome editing induces a p53-mediated DNA damage response. Nat. Med. 2018
Ihry et al: p53 inhibits CRISPR-Cas9 engineering in human pluripotent stem cells Nat. Med. 2018
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1 (CMAFTTOIRIK

o ELURDTY—DFEimaREEEiRuy
o Bz FAAIEEREPRIFEDREESEDLEER (eg. SCID-X1)
o T LARETRITNULERIRVVERERD ?
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EMADEEZFABEAARTA

® ExTAERAERDRE -FEERK-BERAMS1Y
Guideline on the quality, non—clinical and clinical aspects of gene
therapy medicinal products(2018.3)

« T/ LmELERELIZHRE

« T/ LREICIIEGFAERAEERODERNLIETITNDGD
D ZELN) 2HED. INODRETEERATARSM10DE
BEEEDZNSEITLD

1lin

@ EFREMIESDMRE -FEER-EERTAMESI1
(HIE=ER)

Guideline on quality, non—clinical and clinical aspects of medicinal

products containing genetically modified cells (Draft, 2018.7 )

o T )LERELCAR-T/TCR-TZEZELI-HIEE
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EMAD B FAENARTA

¢ E-FoBEAERDRE FHRK-FEBRAMNTA
Guideline on the quality, non—clinical and clinical aspects of gene therapy medicinal
products (2018.3)

o T/LIRELEEL-WIE

 This guideline is applicable to GTMPs containing recombinant nucleic acid
sequences (e.g. DNA vectors) or genetically modified micro—organisms or
viruses. This may including gene editing tools, listed above if they contain
recombinant elements, e.g. delivery vectors.

« EURHI LDEEFAERAERRGTMP)DEEMNLIET NET /LigE
V—ILEHEMN, BEFERBELTODEZAANEARATED

@ E-FREMIBEADRE -EEK-EERAMNS1 (RIEER)
Guideline on quality, non—clinical and clinical aspects of medicinal products containing
genetically modified cells (Draft, 2018.7 )

o ) LYRELCAR-T/TCR-TZEEL-QEE

e Genetic modification can be obtained through a variety of methods (e.g.
viral & non-viral vectors, mRNA, genome—editing tools).
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M. Renner: EU regulatory aspects of genome editingt{ £
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Al o4 I752—7 v aRMu
/ Cas9-gRNAIZ &k B
BrIET HERML Q
=* N ]
+ C N I )
aOVEL—4F l l 22—y BLSI| DPCRIENE
in-silicofBMTIZLAHIEEDIRTYF MR &H BN Ein vitro (cell free) TD
EHET HERERESIORE. Tl 7/ LI AFTRY DIENE T8~
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LAM-HTGTS: Linear amplification-mediated high throughput genome-wide translocation sequencing
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BETABERDES 1

® Guidance for Human Somatic Cell Therapy and Gene Therapy (1998)
 Gene therapy is a medical intervention based on modification of the
genetic material of living cells

o BIEYHEEEET H-HDFHEZDNAYIE (recombinant DNA materials)
NEGFAEER

® Chemistry, Manufacturing, and Control (CMC) Information for Human Gene
Therapy Investigational New Drug Applications (INDs) (Draft, 2018.7)

 Human gene therapy products are defined as all products that mediate their
effects by transcription or translation of transferred genetic material or by
specifically altering host (human) genetic sequences. Some examples of
gene therapy products include nucleic acids, genetically modified
microorganisms (e.g., viruses, bacteria, fungi), engineered site-specific
nucleases used for human genome editing, and ex vivo genetically modified
human cells.

« EMEDEE., BIRRICKYMRZRITED., FIXADERFESIIC
BFEWNLGEILZL-0TEDONEETFAER M

 T/LWEICHWAEMBEMNXIL 77— EGCFARAEEREEER(E
12 _E XLV 9 It Biological product) 36
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o EEFARIESDINDRIEICHSTHILE., HiE. REEEERICEETSHH
AFOR(REE)

Chemistry, Manufacturing, and Control (CMC) Information for Human Gene
Therapy Investigational New Drug Applications (INDs) (Draft, 2018.7)

. Hi%f@ﬁg'ﬁ"?’f)lxx’@/§77_"J7’\7’5‘ T/ LRE . exvivoE I FREHEZED
-7 R B ASCTD (EE AR @T-&)O).Kﬂz\L“:é*‘l')%%FELT-E&IE*

. bs/AfﬁE%ﬁ’ﬁd)Eﬂiﬁlilitht FL

o BEFAERIMEGEBRSEZDRMIAO—7YTICEATEIHAF R (RER)

Long Term Follow-Up After Administration of Human Gene Therapy Products
(Draft, 201.7)

o INFETOEGFEBEDEEKREERE, 7/ LIRECIS VAR R Z—1REDH
LLMEEFRREZSELI-HER

. ’7‘/A%ﬁ$?§'i1hli7l'79 TINERZT/LICEZHEIREMEABHY . RO FRA
RREURVZHBREVCLREICEZD IRV BRIEDEEEREZELDIRIDHS

o T/LmERMEAVESSREETRATAO—T YT (TFU)BEZITOLENHD
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LTFU: 4/ LR ER A A THOIERE R MNDZEEE L

@ T/LWMEICLLIERMEEETEZRNDIRIER (exvivo, in vivo)
> T/ LmBEILBEY /LIZKERNGEILESE RS

> 7/ LmEFBMNDT /LHEIZKY ., BEFREOEE LR
BADEEE, BEEFODFRELGLEZL-0T AEELHS

> HRABNIA—ZAWNTT /LREIVR—RNEEATHES
[(FHBAZEICEDIDAIEDIRIDH S

> T/ LREIAVR—RUMORBEYICH T HREL T DRIREME

o FIERREMTMTEREI NEEIE
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