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ARE & F A& 7IEolt. 1A MV A B ofyg oF, #EF, ulAbol
Az A7pAe A3 T ARk &&o] e AR JgEH L Aot

ol 3t FHA 772 1AY ZFEN (zinc finger nuclease), 241t TALEN (Transcriptor

Activator-Like Effector Nuclease)S % 34t} CRISPR (Clustered Regularly-Interspaced
Short Palindromic Repeats)/Cas92. 2 s $kth. o] CRISPR 7] "= Alo]d 2=A]of A
20159 % Ha Halvless AAEJd, e AW st el HEg 20179 ulol e
P FErE o stuE 5371 = SFAth

A, 1A ZENL2 v]=2] Sangamo Therapeutics Aloll ol&l] -8-3}% o] HI

A5A7E AFAE Fola, 24d 7€ TALENS EdWoE f=ste Ayrd
TE5 Ve dd &85 % sk

1A} ZENeJu 24t TALENe A= e d o] 742k A7 D5 4 sh=d vlsto] A
CRISPR/Cas9< Cas93} E&A= A slar 90 small guide RNA (sgRNA)7F 34 7|49 S
At #A=27] wiEel o) Ad 7|Ermt Ate] kA A v o] HA =& FHo| ATk

<
il
o
ok
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3

o
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ot

b

(Popular Science (2015); How DNA Scissors can perform Surgery Directly On Your Genes).
T 7E7IES A ARl E F-AES AMFSAY sF Ee fd A 2%

Solx &89 & g AR AuH g (19 1, & 1.
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(3] : Development and Applications of CRISPR-Cas9 for Genome
Engineering, Cell (2014))

E 1. CRISPR-Cas9 9 && @

Industry sector Product/application Company
Food Yogurt, cheese Danisco (DuFont)
Crops Dow Agrosciences
Livestock Recombinetics
Crops Cellectis Plant Sciences
Laboratory Research tools System Biosciences
Expression systems Sigma-Aldrich
Research tools GE Healthcare
Animal models Sage
Research tools ThermoFisher
Animal models Taconic
Sublicensing Ag, Industrial, Bio Caribou
Medical Pharmaceuticals MNovartis
In vitro applications only Cellectis
Target validation AstraZeneca
Therapeutics Crispr Therapeutics
Monogenic diseases Sangamo Biosciences
Thsmpauﬁcs Intellia
Therapeutics Editas

(£2*] : History and market impact on CRISPR RNA-guided nucleases,
ScienceDirect (2015))
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Market and MarketAlo] Al 24 BaiMe] ojstd 32k 7kl 71&o] AWast R Al
S&Fokel AA AMA AL 20149 $1,845 (USD million)ell Al 20191 $3,514 (USD
million) &= 1 FR7F A 13.75%°] AFES BY A0 2 o= vt (&4 Market and
Market A1 #24 H 314 -“Genome Editing/Genome Engineering Market by Application (Cell
Line Engineering, Animal & Plant Genetic Engineering), Technology (CRISPR, Antisense,
TALEN, Zinc Finger Nuclease), & End User (Biotechnology & Pharmaceutical, CRO)-Global
Forcast to 2019”7, 2015). H3%F, Transparency Market ResearchAl= 201413 %2 4%}
7E171e el AA AA A FEE $2202.2 (USD million) 2.2 A3kt (24 2).

Global Genome Engineering Market Revenue, by Technology, 2014 (USD Million)

2202.2

UsSD Miillion

Total CRISPR TALEN ZFN Other Technologies

a9 2. AR AY71E AR FE (0149 =

(Z*: Transparency Market ResearchA}7} KOL opinions, Company Annual
Report & A7}%)

o Altirtt Husta z&AolTt BriE = 3AW FAA 7F917]1=< CRISPR/Cas9el
g3 g=4 AFAESY iR AT FA7F AFHa e v GenScript USA Inc,
9 =r2] Horizon Discovery Group plc, 22$12=2] Lonza Group Ltd. 5©¢] thH %<l 3|ALE o]t}
53], At #AdA 7HeivIE AR =2 Ak A WA Vel FAete dHRRE
A=Y, AF 719 o2& v=9] Editas Medicine 1209HE-(2F 1491 91)& FA} wken} glow],
Intellia TherapeuticsAt7F =92 A 2FA}Cl Novartisoll A 15009HE(2F 17099 ¥), =929
CRISPR TherapeuticsAt7F =4 Al ¢F7191 <1 Bayerdl Al 39 =2 (¢F 38009 ¥)E FAF &-2uf

Atk ol IAtES BF F44 ZHe7les o8 A A Ndel FHE Fa duh o2
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N1Eske] 1 4gEE A Ao AYHn Yriad 3).
aele FAA E97]E g Rl B4l AEY

At Qo ofd AgAl Boke] FAH Ago] WAHA L e Ao wolAL,

?'_li 2008 | 200% | 2010 | 2011 2012 | 2013 | 2014 | 20715 | 2016 | 2017 ‘;:':E'E'
l L=]
89 119 167 258 46.6 B8.2 (1734|3159 | 5233 | 7943 &4.7
B840
700 <
W 560 -
'E_I
o 420 <
2 280 -+
140 -+
D i

2008 2011 2013 2015 2017

a9 3. FEYE FAAANEA AGEF L A%

(%] : Global industry Analysts, Gene Therapy (2012))

ofell, AeFA A ATARA L AAA T B Hob FAAEC] FAA 9% H G
ARA A W AEG] AAAOR R3T & JAEF 4A ATAL AF L T A 53

JRE ¥ il gol Algstaat g
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T oxmxt Jt97120 ML

AR 7R g e dAS AT e AR Ed HA L A= V1Al A waistd e WA
Ao wel 1M A3 A w8 o] =(ZFNs, Zinc Finger Nucleases), 24t €& (TALENS.
Transcription Activator-Like Effector Nucleases)E X 3&3slo] 3Ad =] 23 (CRISPR/Cas9,
Cllustered Regularly Interspaced Short Palindromic Repeats)E & < ¢t} (Kim et al., 1996;
Reyon et al.,, 2012; Chung et al.,, 2013; Ran et al., 2013; Liang et al., 2015).

7H9l g9&EE ol AR AQdate] s ste EEwEdlEel=v 54 fAAk
ko], AdFY HdA dArIMEe AADeletion)stAY A (Insertion)she], T4 o 2E
EHAlo] H= fFAAe] 24E glehAY, ke FHAE FUhet fAAE wAs A drh
olgigt FHA 7F97]E2> DNA repair P& o] &% WAE wd HIHNHE],
Non-homologous end-joining) %+ 4% A Z3(Homologous recombination) ¥z & o] &3F
HDR® (Homology—directed repair)¢] Ut (I @ 4). o}&7}A+= Gene correction®]Y Gene
additione 9138t4, repair DNAY 54 {325 ¥+ HDR Xt NHEJE &3t A

TAAE 223 A7l el ekl ¥ B2 Ay JdE A

..___Hsualr_patbwgv.__f ,-__-_UM‘_@"JE@LB:QEEé_nQEut_lla.ﬂlﬂav ______ :
1 1y Repair DNA _ Gene _ i
! i g==—F% e ——— |
1 Deletion Tk . . _ !
: g: ' ! : s — | — T o Il I 3 1
L - NE j— | — 5 3 T 10 T 8y

: _ or : : Mutation l :
1 Insertion I "
: 5 I = I Ll ‘ . y ||
HE 1 i I shy 3 —— e — 2 1
i : Is e 3 |
! NHE! for Indel i ——— : !
H or Inde I HDR for 1
1 4 " I
e e e ——— r ! HDR for Gene Addition i
o 1 Gene Correction |

HHEL: Bon-homologous end-joining : o Modificztion :

HOR: Homology-directed repair

a9 4. 73R 7M1 48 ARAY &AE 71A
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1. 1At |R&EX JHR0|=
Zinc—finger nuclease (ZFN)> DNAS] S5 A Agst= F97F zinc-finger dH| o] X2 &

ZHA =AM e g olnt. ZENO #4 7ls §-9191 zinc—finger domain %1 E A = ol A

WAE Ao® Cys2-His27Z2E 7FAaL 30709 ofnjxAto g FARET BRa YA WidS
7FRE, o]E ofm:Ab F a-helix ®WH A= ofu|:4FEo] DNA el 3719

L‘i

Fd QElo] =9} AelA <l AgS o EH zinc—finger domaine DNAM H S 21484 =t}
o] 213 zinc-finger domain®] 54 & ol&3sto], ¥ele] 3719 rEel LEol= LS Qs
zinc—fingerE A A5t B4 DNA A3} AR 4 A8S o]F= 54 zincfingergS A48 =
‘modular assembly’E F3to], DNA A¥ % 18 base pairgE Eol¥oz AAT 4 Qe
A S 7T =5 A 2E 4= Aok 28 Y zinc-finger domain AHA| 2+ A Abe] A3 & 4
Aot AersteE 75> 7HA A A Foh

ZFENS dutx oz 37) T 4709 zinc—finger domain® 2 TAHo] dow, 3712 DNA
2k (DNA triplet)S 91A]8 4= & 247 9] zinc-finger domainE el DNAE A& 4 U+
Fokl A&a4s FHHo= §3 (fusiomA A A& LD A™A FHx dd ziol
ZFNel o8 Fdx7F daer] fefx= obel ™I o] Fokl dimer FEE o] F L
Y& S = zinc finger domain®] DNA®S] 574 AMLES AA st AFsta A+ F+2E FA g
(I ¥ b5). Zinc-finger @9 dof 93] <QAX = AMEE 7Fdld fIXxst= 5-7Tbhpel dE 3=
spacer A @ o] Foklol ¢l datert AA Fd4 7Fel7le2 W s= ZFNS ol &3 54
FAA Y Ad 7)ee EAHE= Do DNAS 2 A3l zinc-finger domain® ©fwv| =
s A5 AASa A#gths FolA aHlge] dasty Az 7]gkeo] 11 whxlo] qdvh. HEgh
zinc—finger domain< 5-GNN-3, e MES JAAFEZ B2l FAx A {FAA 9]
A gtE] = A o] St

r>~

Zinc-finger

DNA-binding domain 5. ANN-3’

@ 5-GNN-3’ .

5- -3

2PN o i1 . OQQ
@GP

5-GNN-GNN-3"

29 5. Zinc-finger nuclease® T%

(Z4: Gaj et al.,, 2016)
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2.2. 2HItl |R&EX JtRIDI=

Transcription activator-like effector(TALE)E= 2& WA v g]olo A 27 H DNA A%
g A2 33-357] ofn]i=Ate] WHEH = domain®] A& O Z o] Fofx Tt DNASIe] AFHe,
7} domain’d¢] repeat variable di-residues(RVD)&}al 2= 2}2}o] repeat”t 3 719] 73| . Efo] =9}
t}. Zinc finger @A 3 FASHA, TALE @A E A&EFHow AZAH
AA A #e] Zhssith 3 TALE AHAIZ=& DNA At

AMelAdS 7

p s

How §3 (fusion) © TALE nuclease (TALEN)

]

1o

olr
I
o
e
o
!
I
Fr
o
&
N
_?L
1:011
[P
& 2o
Ho

o (¥ 6). DNA d9A Fokl& dimerd HE o] F1,

7h&dl 12-19719] spacer A2 A& 1AW =}

12
0
1K

TALE®] 93 1A% += DNA A
7F 71421 ZFEN#}F vlalste] 240 A4 #1719 TALENS @ %< RVD7ZF 1709 AL
oAl 2 AFx H|g3 AlZro] nlwH A7y e AHE MY £33 EbAl Ao AfE L,

1

A
DNA Aeide] =& gxe] k. Wb TALENS ZFNel| vlste] A4 A3 wEHE F25

o
N
N
2
o

747 wade)me vl e s HEAE ol Gat Aol E AX Ul Age] o2l vl

pas

; TAL effector
Repeat variable DNA-binding domain TALEN

diresidues (RVDs)
@ une

aNGT ,

@ NI A -3

QHD:C 8- -5

BNH:G . Iil]l]i..lmD Amino-terminal
domain

Carboxy-terminal
domain

19 6. TALE nucleased +%
(%21 Gaj et al., 2016)

2.3. Mt =&KX JtRD1=

CRISPR/Cas9 system+ Clustered regularly interspaced short palindromic repeats(CRISPR)<%}
CRISPR associated protein-9(Cas9) nucleaseE 2|7 gtt}, CRISPR/Cas92 Al7t2] ™ ukg-of
Holste wuidelA  fFed Ao eFolAN HPF mpolels FHAAE Ao A
b glolE REseE 75 S 7FAY A1ANE zine finger domainely 241t TALEe] =1

2 A mae] 7ol glojA A Aw aAE fusionstolA] Al #SE

2

ARzE

SR

Ao Alg &49ke fusion HAel da fle Z Aojfo] Ak A MLAS A=

T 9, 34l CRISPR/Cas9e 2 AHAI7F 84 A g9 750 9o

R

focs
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Aeide] SHAAE HE9] zinc-finger domainelY TALE®] repeat &9 +x2E A =#slA
%1% single guide RNA (sgRNA)2] AE Al HHS o] &dls HoAxE o]E Hlt)
webs] 3AY Vs e FH4 Ad 715S 7FAl= CRISPR/Cas9 3 AME AdEAd S
Ho]3t= sgRNAZE SAo Z&3=
single guide RNA(sgRNA)®} complexE ©|F3 A& FEHZA, sgRNAT 5-NGG-3'=
o] X protospacer-adjacent motif(PAM) A €& X33t AHZ AES 7FA = DNAC
Ao RN Cas97t A2 ALdES A5 & A =gt (28 7). A0 2 240 Fd2
|3 2o, 3Ad ZlsdAes #4a4 ALY 54 #9995 d9E domaino] ot 2274 ¢
& o] Fo]xl sgRNAo| o3 o]Foxm= ofe] F3S 7kt At 7l Fd2 A0

]
=
ol b4 frAdel wol AgW & QU EA FAAe] WA AAS gEE Aol ek

Y

ol asitt FAAE A & U= Cash @A

o
t

N

)

2
N

ArAbE FoolME Sl we Tt sgRNAE HAsHA A4 o= lenz o

FAR A971%0 SEUAE AT W ol Foloh B4 Rop Fow

PAM
5'- -3

3- -5
Target

a9 7. CRISPR/Cas9¢ +%
(&4 Gaj et al,, 2016)
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A 72 7Ee7les] 54 R Add2 obdle ®eok 2o (& D).

¥ 2. AdE FA4x 719171€ v

S AR 1A o 2A4 o 3A o
A7l T ZFN TALEN CRISPR
DNA?2IX] &

] 1% Zinc finger tedZl TALE ched & 7H0|= RNA
4% =99l

DNAZ
g Fokl Fokl Cas9
Tl
DNA 21X 18~36bp 30~40bp 22bp
e (3bp/ Zinc finger2 &) (1bp/TALE 2E) (DNA-RNA base pair)
G%jlg Eé‘-él'f OIXA o4 H E EO‘I
?_]_X] /\‘]%94 5-T 7|2 A|=tsto] QIX|IME HIZ F o
5'-GNNGNNGNN-3’ N 5'-NCC-3' (PAM)
z7 A-3 @7IR Bk M | o o T
¢ QX Mol MHOQ|
¢« =2 E0|M N ~
o X MAof 2 w5t golgt
o H S Al
37 s=qoz Mapps (¢ o BRI BmE AN L e sxxie
o SR F7|(1kp)7t 2bg |* DHMSE HEOIHIIR | g e
s o HH A THs
« HES Cols M2 =7
* = S0id o EMEE M 2 R =T |e ZROl w2t Off target
o TX M MEO| BHA o effect YMEE0| =3

A o nelg -

o CHHAL M7 2 M= SZ o CIHEl 37|(3kb)7|' o CHHA 3-7|(3kb)7|' HM
i C} =)
GRS

(B Dell 714 A3 o] 1A, 241t ¢k 34t F22 7Hel7]1ee 54 Ads A6

A Aol AFshe FAA B BuAde e AgsHmz A%
71zke] A swlgol aFE, 3A FA4 7H917149] 4§ CRISPR §44 7kl guae
Fo WA Agsn EA G4 Ao webd ste]= RNAR AlAEW Hmw

A Agke] Hom we fAA Aske] walzil AW & gl gl A (T YA
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722 20173 29). H CRISPR classe xx 719 wwla =2 Cas9 9o Cpflo]gh=
A2 @ Aol Acidaminococcus % Lachnospiraceae 5ol A A AT (Zetsche et al.,
2015). o] &M AL Cas 93 FAFSHAl sgRNAS Ab&3te] B2 34 HEE <A g oA
FrAFSY Cas 90 &L & XA olF Wil 725 Adsk= (bl
WA Cpfle o5 U %28 A2 & A d A dste (staggered cutting) 57
Ao A 2ol 7 o, o= FA A}

o® 7d¥ = 7lEolth

unt cutting) 53 & Hol=

o]

i
rir

[-'O
>,
2

Job

o

Ll

H

=0 A8A AWEA A EAE RAE

il
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| |EIL IS0 e wg

F1000 Research (Glaser et al., 2015)e] ¢Jstd 20129 5H A2 71917l #d A7}

ghits] & FolH, o]F 53] 3MU FHAF 7191 71<<Q] CRISPRE 7[Hte 2 gt A& djvict
100 % olAe] AHES Holal JdE Ao Yedrt (29 8).

1500 -
/)]
S 1000 -
‘§ CRISPR
S 500 - ZFN
o mTALEN
0 1 1 1 | 1 1 I_ 1 ._7_l1

H O A DD O O NI Y N
Q7 O O O & N NN N N
PSS S F S
a9 8 AlgE FAA 7H7IE AT FA
(=4 Glaser A et al., F1000Research 2015)

=2 A ¥ Yo}e] Sangamo Therapeutics A7} HIV, hemophilia B, Hurler Syndrome (MPS
Dell s AlA Hx FA12 719 71< 719 A2 dE 38 Fo]al, hemophilia A, sickle cell
disease & T3 &g s 84S /W Folth

£-3], Sangamo TherapeuticsAtoll 4] HIV X5 & 52 o2 7iuts SB-7282 & A A4 24bo]

A3y FolH, o] ZFNE 53 mRNA A= (SB-728-mR-1401), cyclophosphamide (Cytoxan)
TS T 185 & dEZvogaA A8 E WY vjikgzte] gigk X84 s so=
ojoj A FHA 7H9 7= &8 W7t FHAATS AL A

H = ¢] EditasAte AAIA = 10 7 W T 2-3 Holl W ste 39 <k dAgk LCAL0] &

AmAE Adetel 20179 Q4 WYL HEE shu glom, CRISPR 714 Hof 4E75ol
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FAA 7H710

E4 o]
aRGEN (CRISPR/Cas9 Ribonucleoprotein)

= vl el A B A9l
K% 791719

ol 4

A3A

29

o]

3

&

o

=
=

}1+2l RUNX3E CRISPR

3|

= AR

= e

7oz AA

5]

/lg}\

A=A 4 vkl =

@ %

i S AL=A

9]

o5 A

]
=

Nfo

o

il

A 74917)

o
o

Sk

—_
fite)

2 20125

97

=
=

= 97

Ul FAA HA71ES o) g

Q17 49}
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3.1. 22U |&L JIRI|=2 E6 8&
20153 =0 ¥7kEl Boston Consulting Group® X114 (A]&: Rewriting The Book Of

Life: A New Era in Precision Gene Editing) ©l w2 20103 =538 20143 =7kA H &

a1

Az FA2 7971 HEAd G ES 41%01H 3AY V1= A9 136%E M =&

Aoz Bu¥du (248 9).

Patent Families

AAGR

400 "10-'14

0 Multiple technologies M%

300 B Meganucleases -22%

B TALE nucleases 115%

ZFN 2%

I CRISPR nucleases 136%

200
100 I
_'..-II..
0 e -

'92'93'94'95'96 '97'98'99'00'01'02'03'04'05'06'07'08'09 10 M "12 13 14
a9 9. w47 7He Esled d%

(£#]: Boglioli E and Richard M, Rewriting The Book Of Life: A New Era in Precision

Gene Editing, Boston Consulting Group, 2015)
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Patenting activity in gene editing using TALE nucleases

Top players by volume of patent families (>1) (1990-2015) Patent Families
Cellect g o -
ellectis granted patents in US & EU
lowa State Univ & Univ Minnesota 7 © among top 10
lowa State Univ 5 XXX Academic institutions
Univ Zhejiang 4 XXX Private firms
Helmholtz Zent Muen. Deut Forsh. 4 .50% held 15
Sangamo Biosciences Inc JiITH 4 by top 10
Community Health Systems Inc 4
Univ Southwest 4 Two Blades Foundation
Konkuk University Ind. Coop. Corp |l 4 Univ Southwest
Two Blades ;‘_’””c:a:"é” 03 10 Community Health Systems Inc
implot Co L.
Harvard University | I Sangamo Biosciences Inc
Recombinetics Inc | Helmholtz Zent Muen. Deut Forsh,
University of California | M Konkuk University Ind. Coop. Corp
M°"Z:}"§g | _ E l I Univ Zhejiang
Duke Univ B lowa State Univ
Inst Pasteur M lowa State Univ & Univ Minnesota
Univ Western Ontario | Cellectis
0
0 5 10 15 20 0 M "2 13 4

Application year

a9 10. 34D #+2A 7H97le Ssled 4%

(£ A Boglioli E and Richard M, Rewriting The Book Of Life: A New Era in Precision

Gene Editing, Boston Consulting Group, 2015)

53], 34 229 Ve dg 55 29 d8S A
UCHEY oz 53&9d vl =ow AFdAY 4+
Cellectis, Agilent Tech S olA &3t Z2U& st U= A& & 5 A0 (Rewriting The Book
Of Life, 2015, ¥ 10).

Ay FAA 7HR7Iee] BE 5 AR 53 55 A4 4 136309 53 &
A4)E EAE 20160 Bl ofstd, Ae]ay FHak 7ke7is ¥ 535 20049 FH <2

DuPontAFe} 38 ¢k DaniscoAle] Barrangou®} Horvathe] ®H oz Az E o 2012 54,

Community Health System,

4o

)

¢

UC Berkeley® Jennifer Doudna®} University of Vienna®] Emmanuelle Charpentier”}
A EA Ao A~ FAA wAGA 2 FAA g EFEAL S8 g 53 E

%93l tHEgelie et al., 2016).
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Folo], 2013\ Broad Institute and the Massachusetts Institute of Technology (MIT)<]
Feng Zhang©] CRISPR +3d7 7Fl7s& WA=, 53 LfsEAEe] FdA4 w4l sl
E3E YAt olF 2014d 49 Z7]4AF (accelerated prosecution)®] Z¥ % Feng
Zhango] "= HXx A2y FHA 7V S5dS 2HA HA o 20161 UC Berkeley ol A
A o] g D(Interference proceedings)S US Patent and Trademark Office (USPTO)o
AEetA L 5ol s HF 24 2 d g 28 JAo8 gy 9o

A 5527iEom 3 e ay FA4 k97l E v 539 9F A= MIT, Harvard
College, Broad Institutedl &3 AFxEo] 714 B2 W AF4E 7FA3L 2™ Pioneer
Overseas Corp.7} 5070 ]2}, Univ. Califormia 2] Jennifer A. Doudna’} 5712 53] 9712
7FA a1 dtH(Egelie et al., 2016) (& 3).

£ 3 AAPES 712 P2 44 A9171E 53 AFs 2y

Inventors Organization Total inventions

Feng Zhang Massachusetts Institute of Technology, 56
Harvard College and Broad Institute

Fei Ran Massachusetts Institute of Technology, 23
Harvard College and Broad Institute

Le Cong Massachusetts Institute of Technology, 18
Harvard College and Broad Institute

David R. Liu Harvard College 16

Guihua Lu Pioneer Overseas Corp., Qingdao Livestock Veterinarian 12
Res. Inst.

Guanfan Mao Pioneer Overseas Corp. 12

Yang Gao Pioneer Overseas Corp. =X

Wei Wang Pioneer Overseas Corp. il

Xiping Wang Pioneer Overseas Corp. 15K

Steven R. Webb Dow AgroSciences LLC, Sangamo Biosciences Inc. 11

Jennifer A. Doudna Univ. California, Caribou Biosciences Inc. 5

Emmanuelle Charpentier ~ Univ. California and Univ. Vienna 2

(Z*]: Egelie et al., 2016)

(F 3ol AAE A o] A2y FH2 7F9 7= @ 544 538 = dA| Feng Zhang©]
©]11%= MIT, The Board Institute, Harvard ¢} Jennifer Doudna”} %3t Univ. California at

Berkeley L&A FE& 1 Q= AS gelsk 4= )

D 59 5sl9 U 2ol oju] BRRle] ofsf ojfHr= F¥

2) 549 53 293} B BE 55 2 53] 29, AEUL 7122 de] 9l o ekl Esks A9, 9 293
fdd RE 53 % F92 Y
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THX 772 AN S 2N
A=y FA2 7Fe7E #d 58 744 797 74 84 (components), &4 3}
71€ (activity), A& A (vectors), A& H (delivery), €= (application) 5= A3} 3
T Ao, o5 7wl wiste] AEstste] Fa WA IFeAY Ve 53 A%
AYatd S FoF 2l (F 4). o] %9 o] MIT & AF Z2FA iy 7 o714
F @ A oldHel 588 HAst At AL % 5 9l
£ 4. 325 $44 7H971% B 53 )& Bop BY
Doudna/
MIT/Harvard/ Charpentier/UC
Detailed technical Total BroadZhang Berkeley-Vienna Dow/
Technical categories  categories inventions  group group DuPont
CRISPR-Cas9 CRISPR RMNA 139 14 4 6
components tracrRNA 63 11 o 0
ERMNA 212 38 7 o
PAM 56 B 2 0
Cas9 enzyme 121 25 [4) ]
Tatal 591
CRISPR-Cas9 activity RMNA-Cas complex 54 ] 0 4
Spacer integration 10 1 0 3
Cas cleavage 31 3 1 5
Total a5
Vectors Expression vectors 94 7 4 0
Bacterial i2 ] 0 2
Viral a7 28 1 2
Plasmid 132 27 2 7
Total a3s
Delivery Liposome 30 10 (0] 1
MNanoparticle 33 16 0 0
Exosome 16 12 0 0
Microvesicle 16 11 0 1
Total a5
Application Gene editing 78 19 2 1
Gene therapy 105 23 3 1
Drug discovery 10 4 0 0
Diagnosis 79 11 0 0
Regulating 70 & 3 3
Targeting 167 24 3 5
Total 509
(3 Egelie et al., 2016)
b #Halel 3A FAAES Ve B 53 E9e 2012495 E ZRAH o FUHeielon,
2014\ Fel Aol wt v 1707, T 550 08 oy} Fo] RS AA s vt e
20149 Ago® 67119 535 St
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(i} M China
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§ 100
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(ol

G 50
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S FEFEESE P

Year, earliest filing

a9 11 28929 73A4 7H97le 824 S71E 535 &9 %

(%2]: Egelie et al., 2016)
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Fle) FAA AF9A V1G] e w9 ATARL A Aistel, FAA eSS 8
A J1es APE AAANE F /19 FAS W FL AT AAHNEY FY AE o
=
[¢)

qd Al AFE

A

ol
o
s
)
o>’

A 771 V12 2 v A7 d%ES ASHY] 918ke] pubmed = A XS
o]-&3lo] 2016 E 11974 Waxd AT =S FA Ak 14 719 45
45471, “ZFN and gene editing” & FAMA] 14774 0] ZALE 2, 24019 - “TALEN"C 2
e 85
“CRISPR"Z M A] 4579 7Ao]2lar, “CRISPR and gene editing” &2 72 A] 1,437 7Ao| At}
12 e 1,8724 9] A5 A7 54 2 S JeAor 2 AT Hio] AsHeR
AEHJoH, 7te] AW A5E A3 +3E F 8419 471, 2, 3 AW A7 18 A,
167, 467 2 ¥4 47)E FF BH Yoz HAdse et ol =EEd o,
AR 7R 71E s AGA Holl A= vpel 2 G A, vutel Y 2 AGA], A7 A 5o
A AdgA s Ag wRor AlEsteted, = fdA 7H97IEY AdE Tle, £3F
&

SRR, oA BE/AE, AZY =99y, 34" A97E, AL F8 5L gyow
=

HAMAl 65474, “TALEN and gene editing”o® ZMA] 2887 o]lom, 34

% 5 1AW ZFN 37 7H971<€ 48 A8A d75F

aw | az | =4 | wqww | 2B | 23 | g4 4338 | 24 | #nEd
°F A% 39 | =3 c
Duchenne Human myoblasts
1 muscular CCR5 Lentivirus HDR Virus from patient Canada Benabdallah et
L . al. (2013)
dystrophy NSG mice
Human T cell
lymphoma SupTl, .
2 HIV CXCR4 Adenovirus NHE] Virus  |PMI cells USA Y“E‘Z‘?Ole;) al.
Human CD4+Tcells
NSG mice
Human HSPCs from Li et al
3 HIV CCR5 Adenovirus NHE] Virus patients USA et al
. (2013)
NSGmice
4 Hemophili F9 AAV HDR Virus hEQmut/HB male USA Anguela
aB mice et al. (2013)
Glycogen
5 | Dorage | aepice AAV HDR | Virus |GSD Ia mice USA Landau
Disease - et al. (2016)
Type TA
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_ R oA =4 - _
A = 9] o X o A0S
Chronic Donor
granulom AAVS1 Electroporation plasmid Human iPSCs from Merling
6 tous locus (mRNA) HDR DNA, patients USA et al. (2015)
d‘i‘ ZFN | NSGmice :
isease MRNA
Donor Human HSPCs from
Sickle cell . DNA, . Hoban
7 disease HBB Electroporation HDR JEN pNaStlgrils USA ot al. (2015)
mRNA ce
. Human HSPCs from
8 HIV CCR5 | Electroporation | NHEJ | Dasmid | ents USA Holt et al
DNA B (2010)
NSGmice
Sickle cell . Plasmid |Human iPSCs from Sebastiano et
9 disease HBB Electroporation HDR DNA patients USA al. (2012)
. Plasmid |Human MSCs from . Manotham et
10 HIV CCR5 Electroporation NHE] DNA patients Thailand A (2015)
Duchenne Plasmid Human immortalized Ousterout et
11 muscular DMD Electroporation HDR myoblasts USA
DNA . . al. (2015)
dystrophy NSGmice
12 | HV CCR5 | Electroporation | NHEJ | mrNa |Human HSPCs from | e\ DiGiusto
patients et al. (2016)
Human iPSCs from
Plasmid | patients . Yao et al.
13 HIv CCR5 Polymer NHE] DNA Human ESCs China (2012)
frompatients
Human cevical
Cervical Plasmid |cancer HelLa, C33A . Ding et al.
14 Cancer E7 Polymer NHE] DNA and CaSki cells China (2014)
Balb/c-nunudemice
HBV . Plasmid |Human hepatoma . Cradick et al.
15 HBV genome Liposome NHE] DNA  |Huh7 cells USA (2010)
. Plasmid |Human cervical - Badia et al.
16 HIV CCR5 Liposome NHE] DNA cancer TZM-bl cells Spain (2014)
Human bronchial
. . epithelial cells
Cystic . Plasmid .. . Lee et al.
17 Fibrosis CFTR Liposome HDR DNA Cystic f1br951s . Ireland (2012)
tracheal epithelial
cells
Human embryonic
kidney HEKZ293 cells
Human
monocyticTHP1cells Gai et al
18 N/A EGFP Hypothermia NHE] Protein |Human dermal USA ] ’
. (2012)
fibroblast
Chinese hamster
ovary cells
PBMCs from human

#1PSCs : Induced pluripotent stem cells, HSPCs: Hematopoietic stem

¥ ESCs

Embryonic stem cells

and progenitor cells
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IAY 7S ol&sted FdqdE 181 AT, vholgx=A HAgAE ol&3 51
Hlulolg] 22 HAGAE o] &3t 1372 B/T 4 AT (FE 5). Ao A& vlojg ~4
AeAl = obdlmubol 2N Sule] e £(AAV) 2 AB|vlolel s faglon, Fepavs g
Azdel] =45 54 FHdRE AY/AAS] HIV, 8598 B, FAAT)IdSS ol
Aggds el oz Baxoe] gt ninpolgaA dEAE o] &3k o= A7|H T,
AT FAAELED 3 G At NPT W2 Fepavi=g Agsigov, HIV,
AHAATNAE, G AHF 59 4 FAAE AAske] AW ARAZAY FrHe
A Abshe
X 6. 24 FHA 7H917l< A& TALEN A EA AT+FF
J EZ:] ) 1 E—@ 5:_01:] = o =
A A3 S AR =9 Wy & g 24 i3 AXE/FE =7} A5
Human embryonic
Duchenne kidney 293T cells
1 muscular DMD Lenthlru.s and NHE] Virus Human cervix carcinoma | Netherlan| Maggio et al.
dvstroph adenovirus HeLla cells ds (2016)
v PRy Human myoblasts from
patients
. Plasmid |[Human T lymphoma Kishida et al.
2 HIV pl7 Electroporation NHE] DNA Jurkat cells Japan (2016)
B-Thalas . Plasmid |Human iPSCs from . Ma et al.
3 semia HBB Electroporation HDR DNA patients China (2013)
Prostate o Plasmid |Human prostate cancer .\ Nyquist et al.
4 cancer AR Electroporation NHEJ DNA LNCaP cells USA (2013)
Recessive
dystrophic TALEN L
5 epidermol | COL7A1 Electroporation HDR DNA or FHuman .skm fibroblast USA I
. from patients (2013)
ysis mRNA
bullosa
Haemophi . Plasmid |Human iPSCs from Park et al.
6 lia A F8 Electroporation HDR DNA patients Korea (2014)
Pyruvate Plasmid | Human iPSCs from
7 Kinase PKLR Electroporation HDR . Spain Garate (2015)
.. DNA patients
deficiency
. Human T lymphoma Mock et al.
8 HIV CCR5 Electroporation NHE] mRNA PMI cells Germany (2015)
X-linked
chronic . .
. Plasmid |Human iPSCs from N Dreyer et al.
9 granulom NOX2 Electroporation HDR DNA patients Germrany (2015)
atous
disease
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13 37 o] ur A =49 5o L
A A3 S AR =94 9H & 6 23 A3 A2/FE =7F F1Ed
Human cevical cancer
Cervical Plasmid cell : Hela, SiHa, and
10 neer E6, E7 Polymer NHE] DNA C33A China |Hu et al. (2015)
cance K14-HPV16 transgenic
mice
Sickle cell Plasmid | Human cervical cancer Sun et al.
1 anemia HBB Polymer HDR DNA HelLa cells USA (2012)
. Human liver carcinoma
HBV Plasmid South Dreyer et al.
12 HBV genome Polymer HDR DNA Huh7 and HepG2.2.15 Africa (2016)
cells
Human urethra
Bladder epithelial SV-HUC-1
Urothelial . Plasmid | cells . Liao et al.
13 Carcinom HMGBL Liposome NHEJ DNA Human bladder urothelial China (2015)
a carcinoma EJ, 5637, T24,
and BIU-87 cells
Myotonic Protein, . .
14 | Dystrophy | DMPK Liposome HDR | Plasmid }g‘gﬁ; IPSCs from USA ngoig)al'
Type 1 pNA | P
Human cervical cancer
Cell penetrating . HelLa cells . Liu et al.
15 HIV CCR5 peptide NHE] Protein Human embryonic USA (2014)
kidney HEK293T cells
Electroporation Plasmid |Human T lymphoma Fadel et al.
16 HIV PSIPL and polymer NHE] DNA Jurkat E6 cells USA (2014)
24t 71ES olgste] FaE NI Ao F 16WolH HimfolH A AGAE o] &3
159 A7+ A7, E8, Ad 55 ol&stla, A 1142 vlolgafd ddAE
AEG L T FFE AEute] e 29} ofu o] e 24t
E 7. 340 #34 749171¢ 44 CRISPR X&A 4753
sl - - -
au|  Aw | SN | E9owy (23%d | deed | o4 AZ/EE | 2t | 3uEd
Human T lymphoma
Jurkat cells
1 HIV CXCR4 Lentivirus NHE] Virgs | Humanprimary CD4T - | Hou et al
cells (2015)
Humanosteosarcoma
Ghost-CXCR4 cells
HBV Human ~hepatoma German | Karimova et
2 HBV S and X Lentivirus NHE] Virus HepG2.2.15 cells and al(2015)
HepG2-H1.3 cells '
Human lymphoma Jurkat L.
3 HIV MSRB1 Lentivirus NHE] Virus | cells USA Kalaf“(gggft
HumanCD4+Tcells '
.. . Human oligodendroglioma Roehm et
4 HSV ICPO Lentivirus NHE] Virus TCE0  cells USA alL(2016)
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Human MSCs from
patients Shin et al
5 Osteosarcoma RUNX2 Lentivirus NHE] Virus Human osteosarcoma USA (2016) '
U20S,SA0S2 and
HOS-MNNG cells
HIV long .. .
. .. . Human embryonic kidney Yin et al.
6 HIV terminal Lentivirus NHE] Virus HEK293T colls USA (2016a)
repeats
Progressive
multifocal .
7 | leukoencephalo Jebyv Lentivirus NHE] Virus Human brain SVG-A USA Chou et al.
genome cells (2016)
pathy
(PML)
Ocular Human retinal pigment Yiu et al
8 neoyascular VEGF-A Lentivirus HDR Virus epithelial ARPE-19 cells USA (2016)
disease
Human papilloma
MDR cancers KB(v200) cells v ot al
9 (papilloma,colo ABCB1 Lentivirus NHE] Virus Human colorectal China a;12g01 6) :
rectalcancer) adenocarcinoma HCT-8/V
cells
HSV-1 HSV-1 .. . Human Osteosarcoma U-2 . Lin et al.
10 infection genome Lentivirus HDR Virus OS cells China (2016)
Human cervical carcinoma
TZM-bl cells Li et al
11 HIV CCR5 Adenovirus NHE] Virus HumanT-lyphocyte China (2015) ’
C8166-CCRbeells
HumanCD4+Tcells
2 Slgkle cell HBB Adenovirus HDR Virus Hurpan iPSCs from USA Li et al.
disease patients (2016a)
Duchenne .
13 muscular DMD Adenovirus HDR Virus Human myoblast Netherla | Maggio et al.
nds (2016)
dystrophy
14 | Neurological |y g7 AAV NHEJ Virus | Balb/c, C57/BI6 mice Usa | Murlidharan
disorders et al. (2016)
Duchenne
15 |  muscular DMD AAV HDR Virus | mdx;Ai9 mice ysa | Pabebordbar
et al. (2016)
dystrophy
Hyberammone Mouse fibrosarcoma Yang et al
16 | yperamm oTC AAV HDR Virus | MC57G cells USA ang e &
mia . (2016)
Spf*" mice
PRKAG2 H530R PRKAG2 Xie et al
17 cardiac PRKAG2 AAV HDR Virus transgenic and knock-in China ((;0616) ’
syndrome C57BL/6 mice
. Mouse embryo fibroblasts L.
18 HIV }i\;mle AAV NHE] Virus | HIV-1Tg26 transgenic vsa | ! alla”“(;glkéaft
& C57BL/6L mice '
- . . Plasmid Human iPSCs from Firth et al.
19 | Cystic fibrosis CFTR Electroporation HDR DNA patients USA (2015)
Chronic Human leukemia KBM5
. . Plasmid and K562 cells Valletta et
20 myelo@ ASXL1 Electroporation HDR DNA Human megakaryoblastic UK al (2015)
leukemia
SET2 cells
gy | Retinitis Rho | Electroporation | HDR Plasmid gtsscs deved from wclt yga | Bakondi et
pigmentosa Do DNA al. (2016)

S334ter-3rats
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Acute humoral |- GGTAL . Plasmid Human PBMCs from Butler et al.
22 xenograft and Electroporation NHE] DNA atients USA (2016)
rejection CMAH p
Fibrodysplasia
ossificans . Plasmid Human iPSCs from Kim et al.
23 progressiva ACVRI1 Electroporation NHE] DNA patients Korea (2016)
syndrome
Human ESC line H1 cells
Fragile X FMR1 . Plasmid . Li et al.
24 syndrome gene Electroporation HDR DNA Human iPSCs from USA (2016b)
patients
Gastric cancer, 5 . NHE Plasmid | Human PBMCs from . Su et al.
= melanoma PD-1 Electroporation J DNA patients China (2016)
. Human colorectal
Colorectal . Plasmid . Wu et al
26 cancer EPHA1 Electroporation NHE] DNA adenocarcinoma HRT18 UK (2016)
cells
Mouse myoblast C2C12
Duchenne . cells
27 muscular DMD Electroporation HDR Pgls\InAud C57BL/10ScSn and USA X?Zoelt 6)81'
dystrophy C57BL/10ScSn-Dmdmdx/J
mice(mdxmice)
Duchenne Plasmid Human iPSC-Derived Young et
28 muscular DMD Electroporation HDR Muscle Cells USA .
DNA .. al.(2016)
dystrophy NSG mice
. Human iPSCs from .
29 | B-Thalassemia HBB Electroporation HDR Plasmid patients China Niu et al.
DNA .. . (2016)
Immunodeficient mice
Human bone marrow
K562 cells Kim ot al
30 HIV CCR5 Electroporation HDR Protein Human fibroblast B] cells Korea (2014) ’
Human embryonic stem
cells
B-haemoglobin " Human HSPCs from Dever et al.
31 opathies HBB Electroporation HDR mRNA patients USA (2016)
. Fanconi . .
32 1:‘?12;?;1 anemia I | Electroporation HDR Pgs\]rzud H;I;;i?s iPSCs from USA OSbé)zr(;ll Ge)t al.
(FANCD) b
Rhodopsin Human cervical cancer
Retinitis . NHE Plasmid HelLa cells Latella et al.
3 pigmentosa (R;Il? Electroporation J DNA P23H(RHO transgenic) ftaly (2016)
g mice
phenylalani
. ne . Plasmid Monkey kidney fibroblast | German Pan et al.
34 | Phenylketonuria hydroxylase Electroporation HDR DNA COS-7 cells v (2016)
(PAH)gene
. Human hepatoma Huh7
% HBV HBY Liposome NHE] Plasmid 1§ HepG22.15 cells China | Done et al
genome DNA . (2015)
Balb/cmice
Human hepatoma cell
HBV . NHE Plasmid lines Huh7 and HepG2 . Zhu et al.
36 HBY genome Liposome J DNA M-Tg HBV China (2016)
mice(C57BL/6]Jmice)
37 N/A EGFP Liposome NHE] Profein | 11uman cervical cancer ysa | Wane et
HeLa-DsRed cells al.(2016)
Plasmid Human osteosarcoma Liu ot al
38 | Osteosarcoma ABCBI1 Liposome NHE] DNA U-20SR2 and KHOSR2 USA (11201 6) ’

MDR cells
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HBV . Plasmid Human liver carcinoma Sakuma et
# HBV genome Liposome NHEJ DNA | HepG cells Japan 11 2016)
. Human liver carcinoma .
40 HBV }f)\r; Liposome NHE] Pg‘;n;ld HepG2.A64 cells China Légi(;ﬂ'
genome C57BL/6 mice
Human embryonic Kidney
HEK293T cells
Human cervical cancer
Hela cells
Cell penetrating NHE . Human embryonal Ramakrishna
4 HIV CCRS peptide J Protein carcinoma NCCIT cells Korea et al. (2016)
Human dermal fibroblast
cells
Human embryonic H9
stem cells
Age-related s C57BL/6NTac zygotes Mianne et al.
2| hearing loss | CdnZ8 | Microinjection | HDR mRNA | C57BL/6NTac mice UK (2016)
. Human iPSCs from
Factor Electroporation, Plasmid patients Park et al
43 | Haemophilia Ay Llp‘)f;gotgmne HDR DNA | B6129S4-F8tmlKaz/J Korea (2015)
mice
. . Human cevical cancer
Cervical Plasmid .. . N - Hu et al.
44 cancer E7 Polymer NHE] DNA SiHa, Caski and C33A China (2014)
cells
Fanconi Lipofectamine2000 Plasmid Human fibroblast from . Osborn et al.
& Anemia FANCC /Electroporation J DNA patients UsA (2015)
. . Liposome and Mice hepatocytes Yin et al.
46 Tyrosinemia Fah AAV HDR mRNA Fahm™vmt oo USA (2016)
Plasmid
. . DNA Human iPSCs from . Xu et al.
47 | B-Thalassemia HBB Electroporation HDR (TALEN or | patients China 2015)
CRISPR)
Human cervical cancer
HeLa cells
Human embryonic kidney
Protein HEK 293T cells Juis ot al
48 N/A EGFP Liposome NHE] (TALEN or | Human osteosarcoma USA UI(-l;OleS) )
CRISPR) | 120S-EGFP cells
Mouse embryonic stem
cell lineTau-GFP
P2Atoh1-GFP mice
Plasmid
Sickle cell . DNA Human leukemia K562 . Cottle et al.
49 disease HBB Microinjection HDR (TALEN or | cells USA (2015)
CRISPR)
Plasmid Human leukemia K562
Sickle cell . DNA cells Hoban et al.
30 disease HBB Electroporation HDR (TALEN or | HumanCD34+Cellfrompatic USA (2016)
CRISPR)

nts
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A A=W E o] &3 WYY A= & 46xd0l3len o] T 189 ATt HholEl & e
AeEAs ol&st=d, 2 W= JAEEe]HA107), ofdwmnrlo]y AF-EHupolH 2 (571),
oftl|:=nfo] ¥ 2(331) ol AT
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8%+ Akd Feldl M2E Fdx4= 4Fdsk= HDR(homology-directed repair) 84S

T3 Fol WHME 60%E ex vivo FHZ nASHE AEE A9olM w3 U
vtolg 2~ WY 2214 Wy SO WHoeR fFda 7 duMiAs HdEstE 44 mRNA,
gl A E =dsts Wyel AFEE Y 40%E AAWE FA1A 719 @A S @i
A2, mRNA, @9 d A S A3 Folst= in vivo W0l AHEE AT =AW L oF 70%7}
AN, T T ARl Ark Jpe](53%)E  AHA
A7 e e AQstas Ade ol &siAu oy WS BEaA ALES Zlow gl

Hpol g 24 WMEE ARESE AFgole dEnbtelel s TP Bol(42%) ARESRaial, o] £l
obe| mufo] g AF-Euto] Y A (AAV)Y  ofdlintolH2E ARESE Aom AT o]F
Hholel = daAle] 54, A, ¢, ® AL Hoks USH(FE 8ol fokHo vk (F A4
v=std Y oA f-AA wAH] e M A 198% (Human Genome Editing: Science, Ethics,
and Governance), 2017\ 2€). @¥ nfo]g 29 7§ wiolef~ WY Ao ZAWo] {F
7hsdel Sl @Alol lof mpelya AAY {FHEA unHA, M AFs] HEFoF &
HE 2 ALREU obd=rlo] ] 20 9 it o] AbghEo] ofdllenfolef e oju] w=F ¥ wl
Romm 7)Eo EAStE FAE Qlate] EA MEd =daty] doll A AR EHAA AE
Wzol dedgo] Astd 7heAdo] =

N
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<HIOIHA A HIE) <HIHIOIHA A WE)D

HiojgiA =8
29%
SIEH0Ig &

. A% =183
HIHIOIZIA A 53%

69%

<FIE> <H=HE
AR 2%

(EAUASED <l ZE2AD CHILI/HIQI SO0 28D

in vivo
0%
Plasmid DNA
53%
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E 8. FAA 7t7lE vrelE &~ AEAE S W
= St oF
AR =984 A 37 o e
=Y 2 8-Hof
8kb =719l H |Ex  vivoolA
AAE Al | 7P 9y AR
H] 3 A A o] ] | &
MESY FAA | LV AS$ <o
FAAE A9 | BF, IDLVY [ AEEA, WY
sto] SPdA o= | A UAA B | A, Edwol
 E]ulo] ] ~ e Soo= | i Al X u) | fE TFeAL Mg g Az
(LV) e Integrase | 2F && FAo] | A4k FAo] & | AlXE (ex vivo)
—defective 7Vs3sh  IDLV | gshal v]-&o]
lentiviral  vector | ¢ A5 Hdo] | &S
(IDLV)S] A5 | LA Aol =
ME FAA | =4 HYUA
AAEA gol| o] yrol F3
w2 A A% | DNAo| 4%
In vivoolA 7}
1) 7‘_%31?} Xé?l Xo: %ﬂ' A& A9 24 &
axret g1f1de % Episome oro] wA A
RNA 2 [ 47kb 2719 e i Ao o
L E0° <y
o] g 2 FARES A | ol A - o L
o - i _ MEA TH A} AE (ex
ofd imnfo] 8] 2~ A H| 5 4| A o] ™ | thefgh A|azof A o] X250l = | vivo), ZA
F-drutol ] 2 g Al ol | wdo] 2y N T VoL ===
- . o ) A, Hgdd | A F9 (In
(AAV) 2) 79 g ohekE gE | 2dshe Alx Aen e | vivo)
(template) |9 DNA A= |oA o] A :@L:};} };Z\’/Oﬂ
= Al A o oAl =
DNA 7Fs 14 ]‘:q‘TrL g5t 71 weto]
A A gt
. As T A
3% delivery
of A3t
A g Al E ol A
1715 <2
= 22t A7 g4 =
e st A
DNAE Agd| °
20kb A7l L o] A&
fase A B Abgro] of
n vivo, ex _ _
In vivoe} ex| . _ | dix=nto]ef o] | dAF AIE (ex
old]:-nfo] 8] & ) vivool Al E5F _ = .
vivooll Al theF o] & 7} = o v gk 71E WY | vivo)
®AEE A, 0 e Th
g g [TEOTE AR G
o® A 7bs o4 o] o gukx o g T
ol FHAF A
Al A<l
g 9H=E A&
= A2

(FA: vt A FdA wAgel] #g ®arx, 2017)
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Ao ¥k B4 197% (Human Genome Editing: Science, Ethics, and Governance), 20171 29).

AV
o

he)
a2
ofo
Mo
29
rir

(03
<
)
1o
=]
%)
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Al e A
A X 2} A Z]
E?Juo]"ﬂ El:]ﬁa é‘:g S u H’u Zs]-g-?‘f‘_—O]:
o X4 X‘]E]— Aﬂ»\lj—LH 6}[1 @%
D Fdx A oo 2 g o g0 A Al
G Zapan o I TR 3 -
~ glyco/lipo—poly BT i g XEA "2 A
__DNA, RNA, mer-QJr Eﬁ]—iﬂ a ;L oA = lﬂ ol = oyl
ol A = H 31 ‘:Hoﬂ 744%]' 7]_ = Are) T =
EERE L= N gAstel AW | e |1 A HEE XS U
=5}
& A A 3}k Ak Bakg= | ° T T aax ol 2} A E
3 EL\._ 9)  7Fo] ERNA: e . = 3HA] AEwgI  (9A ‘V%sHi . RN:A = X}‘. [
(transfection) | _ ex vivoolAl Al } modification & | (ex vivo)
_‘—hﬂ_}\]j]t:DNA Z]— o} :q_/\_g]
== R AH 29 R B 1 SR = Iy
o FL] o & AL =18 Ey w o may oy =170 =1
= B BN - . =70 XX AT | -
T+ in vivo = xAs7E olF
T A R s aa ) R _
_ s A, AA B w5 A Al gk
airet E5HA PN -
(Ribonucleoprot =ik
1 —
, _RNP)‘; g P EAV I =
= o8 ) G s =
T dhegibe B9 | w48 b o .
BRSSP 2w o AR, AL A ARES | A Qe | Eo{
MeDNa  we | THEAE R4 g9 & T
gﬁa o su:} Aol 54 B W
= el A9l Al ZFA)
(RNPS} =34 — > —
Sz o] 87hs) Ut Ax T 54 72 ks
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N e ean o} Fgo] ¥/ | &S B9 A | <KmRNAKDNA) | AE5F o
ANAEY |y o o | RETE AEE | A ASE o] AW B A A A ¥
oA g | SO A AT G AR &) ARk S (ex vivo)
So pap age | T EIARL [Rel w4 R W s A4 A8
derae ()l q94 7)) | @AA
o AERG e
olgf~A4) 1 A o
o} Fo| e Aol AEES
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- 3 _
— =
Eiﬁ_ quj_ ) /Kg}\é}\]ﬁ EC":}%
R k-2 ke

(A4 m=ddd AA FdA aAol w3k B, 2017d)



3 REK Jlsllzel Ay #E | 33

3.3. FUHL KR JIRD|=2 a7 &L =2 IH0IZ2Hel &
A F AR 9716 E Slie s AwE ARAEe B 9 94 Y AL AT 97 W
= aEste] ARA s BAORE st AN 27 WA AT H Ao tiaf 118

J5 g ) Aol E (¢, www.clinicaltrials.gov) 5 <

A2 24,

T d3e nx NIHAA 93t d83Ad A HAMolE  [ClinicalTrials.gov] ol A
(20179 29 7). AldiE {AA 77 WA S Al kAF dhoj= el s
FRstA e Mg AAaye g5 2o (10)

F 10. dAANE A HA o
1A% ZFN 2419 TALEN 349 CRISPR
Zinc finger protein (571) TALEN (07) CRISPR (471)
A Mo Zinc finger nuclease(97) TALE nuclease (071) Cas9 (47)
Sangamo Therapeutics (147) UCART (371)
3d 107 37 47

FAA 7F9171ES o83 A AT A AAFeR dA 1770] APy Y= o=
gl 1 F 1AY 7E2 25 108 & Folm, Hl=re] Sangamo TherapeuticsAoll A]
FT 670 M&q Foltf, jrpHE = 97 o] oA 8 Fola 17o] FolA 8 Foltt
(£ 11). 140 712 dA 43 17420 Aol 84, 12402 APy = Aol 2oz IotH
E 11 1AY 42 7H97l«s A8 N84 98 8%

) =9 AA 7 & A 5
Ao CIPASR - == B
Int itent | DI i National Heart,
ntermitten asmi
1 L Lung, and Blood | BA I NCT00080392 10 Completed
claudication DNA .
Institute
. University of
2 HIV Virus . SA I | NCT00842634 12 Completed
Pennsylvania
Sangamo
3 HIV Virus Therapeutics RA | /II | NCT01252641 21 Completed
(SB-728-T)
Sangamo Acti .
ctive, no
4 HIV mRNA Therapeutics RA | /II | NCT02225665 12 .
recruiting
(SB-728mR-T)
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5 =4 AA 71 & a4 .
o4 Ao Z ol A= =2 1 = H| 31
E i | ':]o ég %é]_ (7H‘?—=]_‘Z-]]%‘:5‘) %7]' %ﬁ] \:]/g-OﬁLE @X}T ]-L-
Uni it f
5 HIV mRNA HIVEISIY 0L sA | T | NCT02388594| 15 | Recruiting
Pennsylvania
Sangamo
6 HIV mRNA Therapeutics BA I NCT02500849 12 Recruiting
(SB-728mR-HSPC)
Sangamo
7 Hemophilia B | Virus Therapeutics SA I | NCT02695160 9 Recruiting
(SB-FIX)
Sangamo
. . Not yet
8 MPS 1 Virus Therapeutics BA I NCT02702115 9 o
recruiting
(SB-318)
Sangamo
9 MPS 1I Virus Therapeutics SA 1 NCT03041324 9 Recruiting
(SB-913)
Huazhong
HPV -related . . .
. University of Chin Not yet
10 Malignant N/A . I | NCT02800369| 20 .
Science and a recruiting
Neoplasm
Technology

2AH 719 A CellectisAte]l  71ss =43 Servier AbelA 379 Aol
UCART190l wiste] z4ztel Aol thshe] Jdx i vk 12). UCARTI9 (Universal
Chimeric Antigen Receptor T-cells)i= TALENS mRNA 3HE 2 Z=<3 T AEe| CD199
71 g A &A1& TdstESE AxE Aoltk. NCT027350832 UCARTI9E Fofwr2 b4
P2 (Advanced Lymphoid Malignancies) #2}2] %7] Fd 4 (long-term safety)< 3 7}sh=
A Folth, NCT02746952= w4 2 w4 #dw 34} (Acute Lymphoblastic Leukaemia,
Chronic Lymphocytic Leukaemia)ol| 4] UCART199] Fof &=Fol tfsl ot S Hrlsles A4
Aol NCT02808442+= Ad 2 XA 54 AW (Relapsed/Refractory  Acute

Lymphoblastic Leukemia) 20} 325 o=z == 4 Alg ot
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Advanced ) .
) Servier United .
1 Lymphoid mRNA . N/A | NCT02735083 | 200 | Recruiting
) . (UCART19) | Kingdom
Malignancies
Acute
Lymphoblastic
Leukaemia, Servier United .
2 ] mRNA ] 1 NCT02746952 12 Recruiting
Chronic (UCART19) | Kingdom
Lymphocytic
Leukaemia
Relapsed/
Refractory ) .
Servier United o
3 Acute mRNA ] I NCT02808442 10 Recruiting
. (UCAR19) | Kingdom
Lymphoblastic
Leukemia

Al AAAAer B oty Syl E b s AT/ EI e
CRISPR/Cas9< &8¢t 3Ad] 7|&9] A5 FFoA 474 Jd 5 Aoz got=rhE 13)
E 13. 34 FAA 7197l A& A8A 44 F

AW | Ae AR |=gEd| AN JB 27t | 33 | 9954z |ads| ux

Metastatic
1 Non-small Cell N/A Sichuan University | China I NCT02793856 15 Recruiting
Lung Cancer
Invasive Bladder . . . . Not yet
2 N/A Peking University | China I NCT02863913 20 o
Cancer Stage IV recruiting
Metastatic Renal . . . . Not yet
3 . N/A Peking University | China I NCT02867332 20 o
Cell Carcinoma recruiting
Hormone
. . . . Not yet
4 Refractory N/A Peking University | China I NCT02867345 20 o
recruiting
Prostate Cancer
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a9 13 #34 901E A8 A=A 94 AT A BA

= l=e] FAbEo] FE ol Fal 3= ALE HoHu

=]
B
A 1A 7l&S o5t dddAlel HYgk 3|AFE Sangamo TherapeuticsAHF Y 81,

AAA R A AN 71 dA7EAL Sl dfolZekdl S Hfrstal vk (2 E 14). 13719
ol Zkel S Hfrstal olF 8= A Al wAFHE, 5= AAske FEHe
WA FHsta dvh A5 A9 HEd AIDSAAFE Fdd %< Huntington's

diseaseZ7}A| t}Fslt). ol5 & YAl gk AL 67 o]t}
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TREA E s A1 A2 2AFH

SB-728-T HIV/AIDS A A
SB-728mR-T HIV/AIDS A A
SB-728mR-HSPC HIV/AIDS A A
SB-FIX Hemophilia B A
SB-318 Mucopolsfsaccharid are)

osis |
SB-913 Mucopols'lsaccharid are)

osis 1I

29 14. 9] Sangamo TherapeuticsAte] 94 "ol =z}el &3}

g ServierAtE CellectisAt 258 24t TALEN 7]<$ o]&3 T A%< UCARTI19Z
o] d3ste] dAA 3710] AT Zolth (¥ 15). ol Iolxzgle] tal= A

WAYUE FUF + U= 427} A

23

TNEA E &y qd1d d32% H| a1

olN

7] g
Advanced
: (long-term
UCART19 Lymphoid
safety)

2 A

Malignancies

Acute
Lymphoblastic
Leukaemia,
UCART19 ]
Chronic
Lymphocytic

Leukaemia

Relapsed/Refractory
Acute
Lymphoblastic

UCART19

Leukemia
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3G FHA 7719 A4S EditasAl,  JunoAl, Intellia AR FollA B @A 9
ol el S B35t e oz uofH XA nk oz Qe X3t A= gle Aot
(¥ 16). = 3A1Q 54 5o ZA$ gol=akel e glot AAE 7|4 W&o oA FIjsta
AA] 2},

i o
BAl HI & 14 o A wEEH
ZHEE TIE U YXHATTR) HH
2B E AL -2 THAATD) HH/ &Y
2tHE TiaLHYT 2 THHBY) HAH
ZHEE Tla LT Y THIEMS) HH/ &Y
AAV[Leber congenital amaurosis 10) HH
ARV[Usher syndrome 2a, HSV-1] HAH
ex vivo[Beta-thalassemia. Sickie cell »
editas disease] HIAere
- [Duchenne muscular dystrophy) HH
Multiple[Cystic flbrosis) HH/ &Y
Multiple(Alpha-1 antitrypsin deflclency) HH/ &Y
JUNO ex vivolcancer Immunotherapy) HH
ex vivolbeta-thalassemia.sickie cell N/A
disease]
CRISP AAV/ZHE A TR LI 2 XHDuchenne muscular N/
dystrophy, cystic flbrosis]
horizon N/A N/A
ToolGe N/A N/A
19 16. 34 CRISPR S8 3JAL9 do]x 1 |43
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Mz e Adel AEAL FAA 971 thatel, ok A T
A bel=eiele] vug Aotk ey $nd WA o)
791715 Ag ASAN SN T A 7%l g shol el
ao M, FAA A& olgF ARA] Aol watel 7

AdE Aesirnm ofeo] %(FE 14)9F 2o

4 g35a 9l

rr

£ 14. 37HE FA718Y FARAANEA A9

BEEola, AAHoRE
Aol e FHA
SHo g AT ngit

T7PA R GtA 7] el A

Z7t | FA7 > A9 =4
“FAANBAE AR 5S¢ BHor oo wy | BEHH AA S F5

@5 | MFDS | s #0831 w40 90¢ wgsm e e 0 HHTE A
e TEg (2016.07.28.)) A 2%3)

Gene therapy products are defined for the purpose of
this statement as products containing genetic material
w] = FDA administered to modify or manipulate the expression
of genetic material or to alter the biological properties
of living cells

Federal Register / Vol.
58, No 197 (1993) /
Notice

Gene therapy medicinal product means a biological
medicinal  product which has the following
characteristics:

(a) it contains an active substance which contains or
consists of a recombinant nucleic acid used in or
Rl EMA administered to human beings with a view to
regulating, repairing, replacing, adding or deleting a
genetic sequence;

(b) 1its therapeutic, prophylactic or diagnostic effect
relates directly to the recombinant nucleic acid
sequence it contains, or to the product of genetic
expression of this sequence.

<Reg1394/2007 and
Dir.2009/120/EC)>

A EE SR AW Ao AgE 2o

R
1e of\

<olebE, olm)Y] e

genetic material of living cells

d | PMDA | “Alg = 529 A X Z5 1 ol A F4, FEd 2 HA
A= FHAAE FHAZD A o] i Fol &g PE>

Points to consider for

Human gene therapy

= CFDA A  medical intervention based on modification of the | and  product  quality

control (by State food
and drug administration
of China)

3) FAA 7HN7IE A8 ARATE FAAAEA RN 3] HE =S JRgte] A oo $4)(2017.4.3)
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4.1. R8E9 |RAL JIRJ|= &2& 1A &8

European Medicines Agency (EMA)9 A d@3boM= FH4x 71971 F
ofti-utole] 2 F&  ofdlwmuto] g AREutolH A(AAV)E o]&atar St uwhEbA, mlolz
WE S 7o R {FHA JH97IE AB8AE ke Aol dste], WEe] rrol=gele] 9=

v E = v W WEE AR AT

f

FAARA ZA Y] FE AA srol=gkl 7, v dd A=A Trol=gkl 871, 4 A @Al 57
S o7 vgat AH3 FAXREA B guidelineE o] v @rkE o] = Asfolti (2™ 17)
53] 9 7tol=gkele ofdlimnfolg b &ulolg 2 W E o] &3t Fd e, v A, LAt

Bk TAR spolmeelo] EAse, AElpholel s MES Az B stoletel F A
vho e s wWEo] tig shol=ehelo] MER wWikE o] FEETH

r Y w
Guideline on Development Guldeline on the Non-Clinical :
P Studies Requirad before First Follow-Up of Patients Administered with Gene
and Manufacture of
Clinical Use of Therapy Medicinal Products
Lentiviral Vectors ), GeneTherapy Medicinal Products ) L : 5
~N Y : | N
= Guideline on the risk-based Guideline on Non-Clinical I 09 Spicainn.n Jatery md
immunogenicity Efficacy Follow-up
approach according to annex Testing for Inadvertent nantof lonal - Risk Management of
soeeeommtye, | Comeremenvesone! | onbodesinenéesirin || dced Therg
i linical Medicinal Product
Advanced therapy medicinal | AN tderitibiaiied h e
products i Mon-Clinical testing for A :
k _,1 Inadvertent Germline ]
i transmission of Gene Transfer |
E ji, Vectors y |
m | Quality, Non-Clinical and Clinical Issues Relating §peciﬂcallv to |
A Recombinant Adeno-Associated Viral Vectors '

Guideline on the minimum qdality and non-clinical data for
certification of advanced therapy medicinal products

Guideline on similar biological medicinal produc'ts containing
biotechnology-derived probteins as active substance: non-clinical and clinical issue

"
r——

Management of clinical risks |
deriving from insertional mutagenesis :
1

]

Quality, Preclinical and Clinical Aspects of Gene Transfer Medicinal Products I i

—_—

5
29
o

=3 Hl o 2 s Al

a9 17. 49 EMA #FAAX Z A guideline map

9 EMA+ “Guideline on the minimum quality and non-clinical data for certification of
advanced therapy medicinal products® 7}o]=2}21S Fa Hukulo] @ oek: F FHA &

AL/ FAAARAL AFE 98] Soldom aFde A ARede AMsgen of
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42. 0l=9 |&X IR0l &2& 4 88

ol
o
=

s AL Al FAR 97l digt WEe] Jtel=Eiele SYEA e 4
Sangamo TherapeuticsAt & AF7192 vl= AF 2 k= (FDA)S] &84 AA H7HA Al E
(CBER : Center for Biologics and Research)oll Al #4383t AR &A 714 7ol =gfQl 59
oAt Al A Aoz FAEATE 53] v =r2] Sangamo TherapeuticsAoll A 474 ¢
]l SB-7280 gk AR 4 AR A7) fleke] Fargk rhelmehele ofef o] i
(¥ 16)9 2t}

TAAE A 7H7IEs o8& AmA A, od wE kA BHIF 7IHe] FaF
Ao g Bk, wpebA], v B A AFE ek b dial] #4937 AFSSFDAC A
FARA ZA ] el LA guidance & Faste] Ao, 20139 119 A3tE AE 2

FAA 7wk X5 A9 v A HIbol thel] Wt E guidanced WrF w7 E w| A ©-A HIb

AbeRE Faste] fAARE ER7Ie 7INE A EAe] M dACA e Eford {rE 3o
W& Farskth
¥ 16. 1| = Sangamo TherapeuticsAtol A FA 2 7197]& & X 8A $AA Fad
7ol =gl
ad Thol=8el AE PR
1 Design and analysis of shedding studies for virus or bacteria-based gene 2015
therapy and oncolytic products
9 Considerations for the design of early-phase clinical trials of cellular and gene 2015
therapy products
3 Preclinical assessment of investigational cellular and gene therapy products 2015
Determining the need for and content of environmental assessments for gene
4 therapies, vectored vaccines, and related recombinant viral or microbial 2013
products
5 Potency tests for cellular and gene therapy products 2011
Content and review of chemistry, manufacturing, and control(CMC)
6 . ) 2008
information for human gene therapy INDs
7 Gene therapy clinical trials—observing subjects for delayed adverse events 2006
Supplemental guidance on testing for replication competent retrovirus in
8 retroviral vector based gene therapy products and during follow—up of patients 2006
in clinical trials using retroviral vectors
9 Guidance for human somatic cell therapy and gene therapy 1998




Guidanee for Human Somatic Cell Therapy and Gene Therapy

N J

/rSupplemental Guidance Preclinical A ik ||
on Testing for Replication

Competent Retrovirus in Investigationdl Cellular and

Retroviral Vector Based Gene Therapy Products
Gene Therapy Products
and During Follow-Up of
Patients in Clinical Trials
\ using Retroviral Vectors

A

[ Considerations for Plasmid DNA Vaccines for Infectious ]

Disease Indications

>0

Potency Test for Cellular and )
Gene Therapy Products

/ Content and Reviewof \ Cellular and Gene Therapy Products
Chemistry, Manufacturing, [

/ [ Considerations for the Design of Early-Phase Clinical Trials of ]

and Control (CMC)
Information for Human Gene

Therapy Investigational New Gene Therapy (Clinical Trials-Observing Participants for Delayed
\ Drug Applications (INDs) J

Design and Analysis of Shedding Studies for Virus or Bacteria-
Based Gene Therapy and Oncolytic Products

Adverse Events

=3/H= HI2 A} o1 A=

a9 18. "] FDA FAAX &A| guideline map

A4 AR L MY AT FA FAR A& A A

A FARA] JE FAANEAG 27 2R 9] o] FAwe L FEH B E

FAANRA L A shol=etele] Wete A wel® S 9k vIE FDA 2 %9 EMACIA 23
k5] ek A 7% 48 ARA

P, otagel oE wels @

jr:
F7le A8 A=A dd AdA PR TasAl g EofoF sk dEolu &9
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1 Guidance for industry: FDA guidance for human somatic cell FDA 1998
therapy and gene therapy
9 Quality, preclinical and clinical aspects of gene transfer medicinal EMA 2001
products
3 Guideline on development and manufacture of lentiviral vectors EMA 2005
4 Guidance for .1'ndustry- gene therapy clinical trials-observing FDA 2006
participants for delayed adverse events
Guidance for industry:  supplemental guidance on testing for
replication competent retrovirus in  retroviral vector based gene
5 . . . . . . FDA 2006
therapy products and during follow—up of patients in clinical trials
using retroviral vectors
6 Guideline on non.—cl.lmcal testing for inadvertent germline EMA 2007
transmission of gene transfer vectors
7 Guideline on potency testing of cell based immunotherapy medicinal EMA 2007
products for the treatment of cancer
Guidance for FDA reviewers and sponsors: content and review of
8 chemistry, manufacturing, and control (CMC) information for human FDA 2008
gene therapy investigational new drug applications (INDs)
9 Guideline on the non-clinical studies r'egmred before first clinical use EMA 2008
of gene therapy medicinal products
10 Guideline on human cell-based medicinal products EMA 2008
1 Guideline on  safety and efficacy fol.lolw—up— risk management of EMA 2008
advanced therapy medicinal products
12 ICH consideration oncolytic viruses EMA 2009
13 Follow-up of patients administered with gene therapy medicinal EMA 2009
products
14 Quality, nonfclm’lcal and clinical IS'SLIQS rélatmg specifically to EMA 2010
recombinant adeno-associated viral vectors
15 Guldehn.e. on'the minimum quality and no.n'—chmcal data for EMA 2010
certification of advanced therapy medicinal products
16 Guidance for industry: potency test for cellular and gene therapy FDA 2011
products
17 Quality, nonfchmcgl.and chm<.:a1 aspect§ pf medicinal products EMA 92012
containing genetically modified cells
18 Preclinical assessment of investigational cellular and gene therapy FDA 2013
products
Guideline on the risk-based approach according to annex I, part IV
19 of directive 2001/83/EC applied to advanced therapy medicinal EMA 2013
products
20 Management of clinical risks deriving from insertional mutagenesis EMA 2013
o1 Guidance of industry: considerations for the design of early—phase FDA 2015

clinical trials of cellular and gene therapy products
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