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7/ LRERMIIZDOULNT

D, 7/ L EOHSTEEALITERICAER (REROEW, fFASUIRK) 2FETLILNTED,

(Zine Finger Nucleases)

Wrd= 2 Fik, FEOHILRANCHE G D HRE
ZFFOEMAL (A F) &ART 2 U9 58
REZFFOEML (N ) hofkEN D,

F227 7 LimESA S JEHRIX] (i1 : JST-CRDS s 1)
(1) ZFNs HIfREER (% 7 H) 2V TE{ET 28 Zinc Finger Nuclease (ZFN)

Zinc finger array

\ | 3o ol O e |
CACATCGCCTR, +CGTCGCGGCT
AC

GTGTAGCGG SB.CCAGCGCCGA

@ 1996~
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(2) TALENs
(Transcription Activator Like Effecter

Nucleases)

HIREER (#2528 &M CRIET4 )
W52 Tk, ZFN & RBRICH A K &t 22
SRS B 2 ZEN IS~ A A K% K 0 4
P H THESEC & B 00T, BEE OIS
A RRHT DR S,

Transcription Activator-Like Effector Nuclease (TALEN)

TAL effector
r 1

3
5

' VITUUT T I iy A
5 _TATACGTCGTACACATTGCATCg)sﬁcTCGAATAGCATGCATGCATCA
3'——ATATGCAGCATGTGTAACGTAG! = GAGCTTI}?(F(??I}?(??@?(E?)‘\(ET

JASNIGGKQALETVQRLLPVLCQDHG

repeat variable di-residue (RVD)

[NIZA NN-G HD-=C NG-T] 2010~
(3) CRISPR/Cas9 #A K RNA () & HIRRBER (2 2737 B | prenp oo
(Clustered Regularly Interspaced | # H\ C#tfa &2 8IWr4 5 Tk, 77 U7 55 e
Short Palindromic Repeats /| O%EEENSER THOIZHEDLLT, £< 5'__/GCCTCGGCCGTCGCG““:BB:GTGé 3
[——— ACC E
CRISPR Associated Protein 9) DALY FECOIWIEE A RT, T4 K RNA D F oo ?
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AREHTIEIH I C& D720, &/ Atk o~
DS EINTNWD, 3'
BREEE ERCE B
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Clinicaltrial.govIZ & EF N YT / LfRE

Phase
Phase 1

Phase 1

Phase 1/2
Phase 1/2
Phase 1/2

Phase 1
Phase 1

Phase 1

Phase 1

Phase 1

Phase 1

Phase 1

Phase 1

Phase 1
Phase 1
Phase 1
Phase 1

Phase 1

Phase 1

Title

Autologous T cells genetically modified at the CCR5 gene by ZFN SB-728 for HIV

Phase | dose escalation study of autologous T cells genetically modified at the CCR5 gene by ZFN
in HIV-infected patients

Study of autologous T cells genetically modofied at the CCR5 gene by ZFN in HIV-infected subjects

Dose escalation study of cyclophosphamide in HIV-infected subjects on HAART receiving SB-728-T

Repeat doses of SB728mR-T after cyclophosphamide conditioning in HIV infected subjects on
HAART

Safety study of ZFN CCR5-modified hematopoietic stem/projenitor cells in HIV-1 infected patients

A Phase | Study of T-Cells Genetically Modified at the CCR5 Gene by Zinc Finger Nucleases SB-
728mR in HIV-Infected Patients

Ascending Dose Study of Genome Editing by ZFN Therapeutic SB-FIX in Subjects With Severe
Hemophilia B

Ascending Dose Study of Genome Editing by the Zinc Finger Nuclease (ZFN) Therapeutic SB-318 in
Subjects With MPS |

Dose Escalation Study to Evaluate the Safety, Tolerability and Biological Activity of a Single Dose
of UCART19 in Patients With Relapsed / Refractory (R/R) B-cell Acute Lymphoblastic Leukaemia
(ALL) and Chronic Lymphocytic Leukaemia (CLL) (CALM)

PD-1 Knockout Engineered T Cells for Metastatic Non-small Cell Lung Cancer

Study of Molecular-targeted Therapy Using Zinc Finger Nuclease in Cervical Precancerous Lesions

Study of UCART19 in Pediatric Patients With Relapsed/Refractory B Acute Lymphoblastic
Leukemia (PALL)

PD-1 Knockout Engineered T Cells for Muscle-invasive Bladder Cancer

PD-1 Knockout Engineered T Cells for Metastatic Renal Cell Carcinoma

PD-1 Knockout Engineered T Cells for Castration Resistant Prostate Cancer

Ascending Dose Study of Genome Editing by the ZFN Therapeutic SB-913 in Subjects With MPS 1|
PD-1 Knockout EBV-CTLs for Advanced Stage Epstein-Barr Virus (EBV) Associated Malignancies

A Safety and Efficacy Study of TALEN and CRISPR/Cas9 in the Treatment of HPV-related Cervical
Intraepithelial Neoplasia I

Status
Completed

Completed

Completed
Active
Active

Recruiting
Recruiting

Recruiting

Not yet recruiting

Recruiting

Recruiting

Not yet recruiting
Recruiting
Not yet recruiting
Not yet recruiting
Not yet recruiting

Not yet recruiting

Not yet recruiting

Not yet recruiting

ZFN

ZFN

ZFN
ZFN
ZFN

ZFN

ZFN

ZFN

ZFN

TALEN

CRISPR

ZFN

TALEN

CRISPR

CRISPR
CRISPR
ZFN
CRISPR

TALEN,
CRISPR

Method

ex vivo (T cell)
ex vivo (T cell)

ex vivo (T cell)
ex vivo (T cell)
ex vivo (T cell)

ex vivo (HSC)
ex vivo (T cell)

in vivo

in vivo

ex vivo
(T-cell:UCART19)

ex vivo(T cell)

in vivo

ex vivo
(T-cell: UCART19)

ex vivo(T cell)

ex vivo(T cell)

ex vivo(T cell)
in vivo

ex vivo(T cell)

in vivo

Target
HIV

HIV

HIV
HIV
HIV

HIV
HIV

Hemophilia B

MPS-I

BIZFD/VITINI T4 DHTEIEFEEITITHNTULVEL

iR PREVER

First received
4-Feb-09

6-Jan-10
29-Nov-10
1-Mar-12
22-Aug-14
16-Mar-15
24-Feb-15
24-Feb-16
29-Feb-16
7-Mar-16
30-May-16
1-Jun-16
16-Jun-16
1-Aug-16
11-Aug-16
11-Aug-16

13-Jan-17

22-Jan-17

12-Feb-17



CRISPR/Cas9IZ kA ZRIND S / Lk

® ERBRIZZARIND YT/ LIREDFNHTDHI
(Protein Cell 2015, 6(5):363-372)
BHStEIT DEEGFEEREDET IILER
B/ AL VB FDUIM-EEEA

=

Cas9 mRNA, gRNA, GFP mRNA, FF—#4IdDNAD A oRA( o3y

® 3R ZRIMNDT / LiwESE 2618
(J. Assisted Reproduction and Genetics 2016, 33; 581-588)
CCR5D /v T Ik

Cas9 mRNA, gRNA, FF+—#A1)aDNAD YA oAA4 o3>

O ENEEZFREINYT / LREDHHTODHI
(Mol Genet Genomics: published online March 2017)

BY At ViEILF. G6PDIEILF

Cas9A /D&, A1) JdsgRNA, kF—FJIdDNAZIAORA( Do ay
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o ARAMBEEDNEEHFEHELT, 7/ LRERMZAVEGCFARFHRERAEICHIET 5186, Bi%E
STEEICRBIANESFEEELT, ERFOREICAVDEV/\VE . ZEEFDFERICEAITSFEEE

JI

REDHAE I

BT

NEEFAREl DEE (E=-D—)

COEHICEWVWT NEEFEREF] LE. RROBERCTH
ZEME L TEBFRITEGFZEAL-MIEZ ADKRIZER
5352 &. RUBEDIEREINEZFME L TADEEREFEN
%Zé:&x@:iﬁ{ﬁ?’éﬂﬂlﬁ Li-iifaZ ADERISERET S
LELD,

CDIEEIZH VT NEGTFAREE] LI, BROABEOTHZ
B L L CEGFRITERFEEALMEZADKAICES
TEHZEELS,

[RAREY) DE

2 EZnt0)

COEICEWNT IHREY] L1X. BBREICKRET H&EK
BICER SN -RBEDEBREETFHD-HDEEFNEAHAF
NI-DNARUINZET VM ILAZDMOAF (LIT THE#
ZEBEERFF] EWVD, ) L REIBFEQERESNZFEME L TE
EFERET HEHICAVNSE NI EELIBEFELS

COEHICENT THRKEY LF. BEREICRST SRR
TR SN -RBEDBRXIEFHD-HDEEFNEHAE
NIE-DNAXEFINZETVAMIILAZDMOAF (LLT THE#
ZBIEFE] £V, ) FELS,

BIRSEENLHER (B+/\)

O~  (B&) O~ (B
BAY 2 BEEFRUEEFODEALE BAYT DEEBEFRVELRFOEATE
(1) FAXEORE (1) FARORRE
(2) BAYDHEREF (2) BAY DEEF
Q) BEFNEAKLE @) BIEFDEAFE
(4) WEREICIRS I DREEDDERK (4) WEREICIRE I DREEDDERK
Q BEEFOREICHWEZ /Y ERIEFEEDER (#7E%

(1) F¥0fZiE

2) BATEHR NI BEOBEESE

@) BIRFDREDHE

(4) HEREICIRS5 Y HRIED DK
~@ (B ©~@) (B
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BEm@EEnTFaBEFHRKAMEICEATHEH I ORELICEAT S E8HE

B ARERARMRICEATAEHORELICEATAEMZERICEITS
B FAEDEZEICDODVTDER

BEFUIRT 57/ LSk
T DNA 7 §H &) Hff iééﬁ/ﬂgi
BEFUELGWS /LTRSS

BPIE
(Fray—t)  mER

TIzo5— 5 ; _
JarvEF—F e X
o R7s/1t
ATGCTGATCTA.ATGCTGATUTA

TACGACTAGAT NTACGACTAAAT

DNAAFJL1E/ v .
TIEo5— s A LAE =) Rz FREREHE
@ R AFILIE
ATGCTGATCTA  ATGCTGATCTA

.

TACGACTAGAT 'II"A‘CGACTAGAIT

DNAELSI DR EZATOHEAMT L. REMEDBER (FI73—7vb3h
RGE) Do BELFERFOERICEDHOINETHS,

DNAECH| DR EZATOHRME REMEDB R (A 75 —7 w3
RGE) M BEEFERFOERICEHINETTHD,

DNABRHIZERZELLZWNED D, $57E DDNADIEER (AFILIE.

BRAFIE) Z1ToTHEY . BEFABREFLLTEEMREIIAL,
F-REH EDE R (F74—45 YRR ASDNAD LI D AT AE
HEDBE)DLELCTFAEEDERICENHINETHD,

BEFBEFEEEFaRFHRAARICEHITIIEHORELICETIEMEER (FR29F10A308) J1EM103ESH T/EMK
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DNA(Z%E’%'d’éh§@]|%ﬁbfd?L\Cas9(dead Cas9)

308 718 775 909 1099 1368

‘ Bridge ’ Rec | Rec Rec | RuvC HNH

Helix

RuvC PAM
Interacting

Cas9 nuclease

um 3

mm 5

PAM
DNA
Guide RNA 5 mmm CCTGAGCCTAATCGGCGCTGAGG
‘ HNH
3 mmm
LELELLLLETLEL LT
CCUGAGCCUAAUCGGCGCUG

RuvC (NGG
\4
GGACTCGGATTAGCCGCGACTCC
Nucleotide E(;" 20191817 161514131211109 8 7 6 5 4 3 2 1
osition
RS U~V gRNA

Y\,m
4§|‘-_"

D10A
Cas9 nickase

CCTGAGCCTAATCGGCGCTGAGG
HNH

GGACTCGGATTAGCCGCEAC TCEE

vv—

H840A
Cas9 nickase

RuvC
CCTGAGCCTAATCGGCGETGAGG

CCTGAGCCTAATCGGCGCTGAGG

GGACTCGGATTAGCCGCGACTCC

GGACTCGGATTAGCCGCGACTCC
Nature Biotechnology 32, 347—-355 (2014) do0i:10.1038/nbt.2842

EEFBETFE1EEEFARFHRAMEICEAIHIEHORELICEISEMEER (FR29F4A120) IeBEREREEN KLY
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® EIRFREFLLODEEDHATEASE. EEONAIZEALLGW O, 2T LLEGRFREFLEVZLNLDOD, CasoBiR
DRDOYICEDISLGEREREAT 50 ONAZEBMHT IBREEATOMN. ERN ZEMIT IBREEAIT M) ICL>TE
EFARFEADZIDEENEZLT HETEYTIILEL, T BEDEGFORBREHET LV R0, BIEFAEE
FLLOHETIDREHICEVWTRYKRICELATETH S,

0 TEMDNERTEZSLE, ERMMEIHDIKENBRFIEDHIEDHNEIM LT, BIEFARABEEFADRYMTHIET 5L
WSZEZAELHIN., TNH—BIH ., BEMNE, ERICBRELZITAIEOMSEN =0, ZOLILE AT, Bl FAESE
DEZEDERERDAHEIIRETHSD, LMLEMNS, DNAZEIELAWN SN S CasoBE R EFRAL-EL TH, DNAZ ALY
PELEL DN ESIH IR A THLAMTIEAL 74— vr1EH . T HE L DRELE - TS,

® —AT.BNDOHFELDBEEMLERT DL BRRTHELGHK T, ERICEDESAZITOINETRELENEEZILND,

LEDIEnn, BHDERDPTIE, EXNASHHDIEH A~ OZLETAREICE T, H@ET, BANFICKY . BEFLEFD
EEOHICEDHHERLL. MREB/AERT, REHIE T HDHAEY TGV,

BE. T/ LEERMNET. BAESLTWAO. BEMICHEHOPFTENEZERL., 7/ LRERMEVIEEZELGFEEFD
EEICHYANDEILEIT=ANEN, LBLEAL, EBMEAZELTODDOMNIDOVNT, BIREPL—RERIZHMYDPIURZ
B=HIZF, BANFOBHRDPTY / LARERMEVSIERZRAVT, REDBEZHATHENBEYITH S,

T 7/ LRERMICEALLT . BEBRENORMFECMYRAALETERT S EFHLLV O, S&. BELTFEAEFOEEN
SHNDH-LEMNEFZLERICIE. TOEE., REFL. BEICHLEHOBETZITIENBETH D,
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T/ LmERMZEF AT OEGFARFBESNTOVENRERELGL>TND

F1E A

£1 B
KE#H I B FREAEERDRERUVLREHFORRO-OICLEGERNEEHEEZEDH S LD THS.
F2EH

1 T EIEFAERILF. EROAREZEMELTEGFRITEGFEEAL-HBEEZADKRICERETHIEENS,
F2F B FAEREEROMESRE
E3E BLFAERAEERORERUREETUICEAFIZRET
FAE B FARAERAEEROTEN
E5E EnFABRAEEROFERRZE MR
HAEDREMITONT, EULEEYMEZRAV-RBERVEHBERNIZCE I T5REBREEYICERT S L, FEBRE LM

HERX. AR GDFRSEREERBMLTVNAZE BIZ. ROBERICDOWT,. REUFHEETHE,

1 JEEFEHEOIAILARGEZ—([ZHoTIE EREE YA I AN EIRLAEN S EEBYIRET AL T . BREAZED
WY DT, RBZITO2E,

2 FEMRXIIEEEBICIEEEEZSAEEMEICONT, RBEEITIE,

3 BABEGFOREN. FEKE. MIEL-VOEAL. 2EAKRICHAAENSAEREZFAEL. REMIZTDONT,
SREAZITOCE,

4 BAEGFIODHERBEEYICEATHLEMICONT, SREAZITIE,

5 HRADIEHEREDEL. BERERUNAIEDRIREMEIZ DT, SHBAZFITIZ S,

6 WROES. EABGCFOREEYRILEGCFHNEASINT-MBICKLIEF LGN RERIENELCHATEEMIZD
WL ERBAZF1TO &,

7 BLFAEAEEROEHEICHLT, REMABROEREZEZERE TS L HHE. —REMHBOERICH--T
. TEELOHEEA) RBRBIDHELSERBOHARSAVICOWTIDRRIEEREERBRENAESA
VICERTEOA11BEZBI1F245 RV ERSESHA 10HEMREFESSE)F#SHRIT S,
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(TASEDREL T HEEE

1. BRARETER
1—=2)47 /7 LERERMIZDONT
Ofeim (EErIRR)

BIEFEEDERIIEKREL FTF3—TINIBR~ADBELHLI LD B, TOEERKIS AR R TILER TR
BRFELIIEGFEAIIRESNTNSG, 74— YENRIZOVTIL., 2HEBOHoNLERESNT-EHX
(Schaefer KA et al, Nat Methods, 2017) MBI IZ4 5%, FHEIEEF>THELT . YA IV RDELLHERHM KD
BNTNSECATH D, F-. BE. T/ LIREBRODEAIZEZOEANEDTINLAAVRYZ—OT T/
DAILARGA—DFRAIN TS, — AT, VAILARGI—FFLNGEWT / LiRERET . HFEEOS WS/ L
WEEBROMBEOCZAEHUMZHFLLEVT /LAREENTEOREMEZSOAEOHRELEDON TS, FF
F%g%iiﬁggﬁfgﬁ%ﬁﬁﬁwu&O'G&é%ﬁfﬁ -HVEETIE. RERDEGCFIFREMEF AL AEED
H FEHHAR o

2. BRIZETHS5 B DREE A&
2—3)ZDith
(3)RHBNB%
(1) FEBHRHFZFIZDONT
HBEEERRICHITALRESEOMELTIX. EEFBETIE. FAB1EEGRZBRIC. /LR
K EGCFABROREMMICEET5H AT RAEDEREEZTFTELTLNS,

5lEmE. NEERRE EREBBZEIZEVWT. ChoORIGDOERHICDONTHREZTIELET D,
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Characteristics of Gene-modified Cellular Products

FDA guidance : Considerations for the Design of Early-Phase Clinical
Trials of Cellular and Gene Therapy Products (2015)

® E{nFUNLEHIIE (ex vivo BIGFREHE M) &IX. EizF7
AN THIRRIZEALI-E2ATHY ., COELEFREINT-
MRz REEIZKRETS
Gene-modified cells, or ex vivo GT products, are
products in which a gene is introduced into cells ex vivo,

and then the modified cells are administered to the
subjects.

v Ex vivolBIGFREITELGEFEEATLH_LEERT HRA
A

v BI5AH RS (deletion) DEATZITTIEEZALELY

vV SR ZDNAYMIBZE AT HELOE AN BIE, F/NDEA
mMRNADEAIZLDST / LIREIT B FEBEEALEEGL



Gene Editing in FDA Voice January 18, 2017
FDA’s Science-based Approach to Genome Edited Products

® 7/ LIRERINIX. ZLDEYMDT /LT XYUThELL, IEHE
ICRETAHENAEETH S

@ FIUNITE REBESAEZRWNAZEIZKY  FEEMDETE
FEBFRELEYANBZ YT HTiTELGYRS

® E{zFBETIL.HIV, KA. mPDERBLGEITEATESLR
T &7 HAIREE N H S

® 7/ LRENERAICERLTIE., fEEDIRFNA#2HE A H &
cshAZEIZib

® FY16 Appropriations Bill( 35D BEIDF=HIZRAHEE D H
BB LR ETHER)ICLOT. 7/ LRERIN
X ZDHENEIET H_EDLELMEHREDEEFREICE
TESH ., EIEMHE~DEAIEAEDHSNLLD
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https://blogs.fda.gov/fdavoice/index.php/2017/01/fdas-science-based-approach-to-genome-edited-products/

Gene Editing in FDA Voice January 18, 2017
FDA’s Science-based Approach to Genome Edited Products

® RAC(Recombinant DNA Advisory Committee) (4 / Ls
WERAMTICKDEEFAEIZOVNT, BE/., BREK
HA . 75\01HHIEE’JEE£75\19% E%{ToTLVD(MRNAD
15 E B REER)

® 20174 1A ODH%IE'C KERNTZFNZRAW=45 / LR
ERMTIC L BEERABRAEHSN TS

° CR|SPR/CAS9€—$IJ 1IL1=4 / LiRE D& A DClinical
Trial N BEINT-

® 7/ LimSEEMICEL TIX., B ISt O£ BRI

DEFAPCRKIZCEDAITFI—TVREENFELESN
TWh%
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https://blogs.fda.gov/fdavoice/index.php/2017/01/fdas-science-based-approach-to-genome-edited-products/

The European Landscape for Human Genome Editing

A review of the current state of the regulations and ongoing debates in the EU
(2016.4 ; Academy of Medical Sciences, UK)
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EMA : Concept paper on the revision of the Guideline on quality, non-clinical
and clinical aspects of medicinal products containing genetically modified

(20 July 2017)
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Suzuki et al: In vivo genome editing via CRISPR/Cas9 mediated homology-independent targeted integration.
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