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R E (1 R e, R DR G T ¥ R B R B PR AL
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% DRI LA BE B2 O B i UAE th P DL 3o 7 R i 4
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Cas9 with sgRNA

Genomic DNA

JOITIT I

Site specific DNA break

j Donor DA template
JIIIIOTTTOIOOTE T I
Indel

Non-homologous end joining (NHEJ)  Homology directed repair (HDR)

Bl 1 CRISPR/Cas94\ 5 2 4 4w 8 m B
(P45 i R &)
Cas9 8 1 7E sgRNA 1] 51 3 T R IF YT FAH 7 14 3k PR A7 507 A2 XL
£ DNA Wi %4 (double strand break, DSB), DSB A LA i3 3 [F] Y A it
¥ ¥ (non-homologous end joining, NHEJ) ™ Az B AL 4 N\ 5l 6k 2k 58
AR S PLEL R 9 AR, B3 7E fE R DN AREAR A7 7E (49 264 1 Jd i 5] 9
414 5 (homology directed repair, HDR) ] /5 R #EATE R, T
Vo2 P ARG R G N

HIAH ML E 28 A JF R B, 44 T & 3 T CRISPR/Cas9
BARBI MR IT IR R, Hal, CEFREH
WA B A R A fE 16 K 1% R G0 S N 41 R SEBL
S5 ER) A A B 1) 5 DT A G i, AR BHRIE N SRATI AR 75 225
1% R80T NS AR R g i vE. (e
RN, Z RGN b R 5 8k Ak
BRI AP L, 3% R 40T 3T CRISPR/Cas9
FEARZ i i B & R Ak B DG EE B AR ST LR T AR b
%2 ¥ CRISPR/Cas9 1. B 5 N 411 & sh 1 i) 77 7.

1 CRISPR/Cas9 R HIELSA

1.1 Cas9.5 sgRNAs 3 i 1% 33 &t

Niu s A PU6s i JHe 4 BR 1 SpCas9 mRNA 5 1 7]
Ppar-y%5 54~ 3% K ) sgRNA [R] B (35) 5 Ao 8 O\ 2.4
MG &, TE 3R (Macaca mulatta) L 83 SEEL T R
SLREE . i H, RS RIS IR, B e
0 2 T AN BE ) 3 K (Ppar-y M Rag 1) H) 538, it B
CRISPR/Cas9 & 4t 2 i {5 RE 8% 75 R Ak A Jif i 5
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R w5 ThRE. 15BN 8 f.(Oryzias latipes) BRI A7 Tt
T T R 3L B AE S nCas9n 2 F1/mRNA, sgRNA
R BEDNAR AR [1°F &, SEIL 1 J8 i NHET /7 2
5 IR B¥ 3 o HDR 5 204 N S5 47 3386 TR 1 B . 3 b
ER T2 4 R 28 4 2 11 9 75 I DN 75 88 f S T 5 M B0
VI35 AR SRR SR 7 9 J1 gk T2,
Zhang % N\ POE 4k £ K D AR (VDR)Z A 1) {7 <% 7 41
FRIEFE T NSRS (VDRTI A VDRT2) it 1 FH N[
sgRNA, %R J& H 3 40 i SpCas9 mRNA FlsgRNAHE A
CS7BL/6/)N K (Mus musculus) 541 fl it i, @i T7E1
Rl FTDNAM 7, 45 SR A 12 J /N R 1 VDRE: R #
T4, For A 8 R S IR e ok . X e AU B T RES
38 3 4t T B Cas9 mRNA FllsgRNA B A FL 41 i it
5 () 77 3ok 52 HLCRISPR/Cas9 £ 4 A 5 1 5k PR il %
B, FH LG T SR R B v 5, R4 56 BE T €8 (Danio
rerio) (1] 51 41 i 5 B8 05 £ w1 25 IR 4 4 110 28056 18 o =
A AR SR AR I AR, S PEAR SR 19) 0K (1) sgRNAAF
FE B B R R 7 R DR o RN N ARG R, B £ 4
JfIVE S T SpCas9 mRNA, sgRNAsHI/ak i ADNA A Bt
S 24 fif 3 S 2H 2 R ) e N B 1 B T 49.6%, T HL 4
Mo RERGRVESH R B 26%. S Fmedr, mpvl 7, mstna, me3r
Flmrap2bi% 5/~ 55 KK Ut 5200 i A 1t v 56 2 1 1R
T R R 0 ) 86.7%, 18.9%, 32.2%, 33.3%A1140.7%,
T AR A1 B 200 it 3 S 2 366 R o ok 556 43 ol 186 o 42 94.4%,
88.9%, 91.1%, 90.0%7H193.3%. 1fi H., # W mcdrfimpvi7
AT 5 97.7%FN91%, 12T 55 KA 40 i A i v S
(1170%F0135.2%". [RI Ik, R4 G141 B B 97 2% A2 it
L2 VR A S TR G AR R T A I I AR

1.2 Cas9.5sgRNAs [if 2 #7 k4 51 40 K 13 5t

== TR 21 489 2K 73 55 (lance array nanoinjection) & Fl
FHBSCN T A A Cs F ad it A B R H S 1 ) K )
2 B B B2 126 45t AL A4 B (SpCas9 FlsgRNA). Sessions &5
NP5 488 518 43 (9% 5 55 1 (enhanced green fluorescent
protein, EGFP) ) 2 i /7 %] 5. % 1| [t i pCDNAS/FRT
i, SR 5 AE B 20 A F R K AN HeLa/FRT4H Y, 5%
24153 7 B ¥ DIEGFP I [R5 40 il &, & W %5 2= 0
1% J ) HeLa/FRT 41 il EGFP 3 1A % 14 99%, & LA
GFP+/FRTHH L. S8 )=, W 78 ¥ #  35 A 4E [N S EGFP
J: Kl sgRNA f CRISPR-SpCas9 £ 4t , i@ it % 7k 51 44
K7 5 1BE N GFP+/FRT 41}l i F EGFP. 7£4.5 mA HLIR
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AE R, A3ES G, EGFPRE R ()T ¥ i % R ik
93.77%. HI AT L, == Wi B 51 44 K 73 4 & CRISPR/Cas9
I IR 20 4 B8 4 R A R B MU B IR R R G2 AT
DAIE 8 10 s I R B (1 i 2 2 —

1.3 Cas95sgRNAs[ HLEE G

CDK11 sgRNA 5 [11] [f) SpCas9 Jiii i At % 1 1oL %
(175 A RCUTER R A & P M CDK TS A
1E HL ¥ 5 N\ SpCas9 Jii fi J& , KHOS 41 ffd 1 (1) CDK 11
A48 h o K 15 PR AR T 83%~91.6%, 7E72h /5 FEIK T
87.5%~91.6%; U-20SZH il 1 () CDK 111£48 h 5 ik H
LT 65%~82.5%, 72 hJi5 1 il 15 £185.7%~93.3%. ¥ 4l
Mo e )1, AEAFRE S . TR MERUR B E N E
CRISPR/Cas9 /™ 5 [ CDK 11 i 142 T\ 3% PR AR, Su%
N8 ok #1677 0K 9 i sgRNA 5 SpCas9 [ )5 Fi 5
ANNEARTH M, @ 1 B 82K PD-1 (programmed
death-1). ZRAZ N7 45 7E—86 F|+52 X [A] &1k, sgl fili [ K
N61.9%, sg2 N 52.6%, sg3 N40%, sgl+sg2 N47.6%,
sg3+sgd N38.9%. LG 45 R, PD-11) Kk & F
K, I A BEIFN-y I b 38 ) 6 41 i 2 1 1038 . /B
IR SR B R ARIE 0 5 o pk n] DLdE S TP PD-1 3
[H ok 2B g R N R ART AN, KA, 5 — i o &
R F A [F) 77 1545 SpCa9 25 1, sgRNA FITHDR 5 Al 5
ANZ NP FEARTYN A, I B AET 40+ CXCR4F1 PD-1
18 B R HIEF] T 20% (HDR A £ 24 50 pmol i
H22%, 100 pmol B 29 18%), Pl 38 51 T T 4H Jfd 55 .
T #EPY. Tanihara®s NP8 1 55 & # N HE, ¥4 SpCa9
K A fsgRNAK 7N 5 N T 3 (Sus domesticus) K] % ¥
B %3 K] 4 B8 R 1) 350 0K B T 90%, JEE A R T
IR E.

2ot 5 Mg ALK B R A AN BE
CRISPR/Cas9/sgRNA JEY) T N 40 i )5, T H.ge % 28 i
RN AR ARZ. FI DA, 1R 22 8 78 3 R X P AR Ok i
JXCRISPR/Cas9 % 4t. FH #% 4k 7f/Nucleofector Kit V
5 YR HE 5] ASXL1Tf1sgRNA SpCas9 5 Hi K B EEDNAf&
WREE4, ARG RN XA =0 A5 N B L5 41 i
KBMS R AL IEHASXLT I, 45 B IR H 0.46%~2%
FIKBMS 21 it W I ASXLT Fr B 4 ik CRISPR/Cas9 3
G e sE B R T L, [ I 4 A /0 BRURE AR A AR
PRI 2o, B A R RUE 52 05 40 G 1 467 R 0 R b B AR
KRN ELA TR NERCDY T4

S CD34" i ifil 2 i i AX 21 B2 (hematopoietic stem and
progenitor cells, HSPCs) FH 41 ffd % J& 1 4% 44177 3 A
CCRS5 5 B2MAE [7] ff] gRNA/SpCas9. 45 H B IR, 1 34%
(¥1CD4" T4 s B2M A R i B, 42% 1 CD34" HSPCs
Y0 L CCRS#5 m b, FL LA #5718 9 B BB 5 A8 Y. 4D A%
L3R 7 Nucleofector X Kitf SpCas9 . % 3% crRNA LA
J i S O crRNA TN [ 1L 40 M K562, B4 4t
CRISPR/Cas9fiT 2 FIRNA A 5 B A U1 g A1 47) 11 Afg v
5] D 1 i A R S 6 e A% B G iRk SRR 1 A2
X% SE4H Ml & 41 Lonza 4D #% % 4432 57 Hh 1) DN-100.
W& B R R 11 SpCas9 Jii K Al sgRNA i kir 4 5%
YUt N4 B K 7 3% = PR B 1) SpCas9 (SpCas9-HF 1), #t
SpCas9-HF1 1) i ¥ =5 44 FH B 1 1 75 % 5 A R A il
F), 3 H4EFF 7 SpCas9 [ 1 $E 5%, SpCas9 & (/4%
3 sgRNA F1 g i SpCas9-sgRNA 2 32 Jii kit ffg 2 1) i
FH I R 4% e 12K 7 e s 25 4 BE 20 B F0 22 T e T 48 .
SpCas9 & [ 73 fift Y (AR DNA [ R0 R 553 79%, 2R Ja it
TEAE A N B BIE TR B, AH EE T Cas9 2L [K], Cas9
A AT DLBH (b 0 35 DR AH A R 2 A A, AT B AR
BN IR, H % R & CRISPR/Cas9 & 4+ 4y
AR TN T7 NG B2 B T A Jik D] 4H 2
(A 5T

1.4 Cas9.5sgRNAs 1] )2 & ik e e vE 5t

Lin%5 P04 4 i 48 [ 2, BT 9% 75 (hepatitis B virus,
HBV)¥]sgRNA/SpCas93& F ik 5 ki LA 8 i ik vy He 332 54
75 SEN N R AR, TTELRE I 2 B AT I HBV % [R 41
5% RAERR, whEll 7 RHE27% KAERE. A
HBV & [R 41 [R 6 4 T 3 A9 B, B & BEAR 2 T 9 7
Pl R IA AR /N BRI HBV £ 1 515 7K F . Xues
\PPLK CRISPR/Cas9 i b LA i ik i s 3 46 5 i N
AT /IS BRAAS A, 42 T 00 i e 00 o 66 R 5 5 | b B0
DR A AR, TR/ BRI 5 5 A2 DU B8 A2 14 Pren FI
pSIMEAATEAS . ¥ SpCas9-sgRNA 5 B4k DN A KA i i
B 8 ik 7 A B N 2T K AR R (Fah) 25 TR R R £ /0N
AR, 1250 P RIE T B A R Fah B8 1. Yin
2 NP RRE 7t 2 W, SpCas9 At i A T AL IE N 38t 45 5%
P S B I /) BB AR 4 R o ) Fah B IR I 2 7%
ik 5 He 03 56 i % 52 I CRISPR/Cas9 14 % i 44s 1A i R 4H.
Y .
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2 CRISPR/Cas9 & %: iy %% 3k 14

2.1 fRJik

sgRNA € 1% 70 B & Cas9 % A Jii #i H (pX260,
pX330, pX458, pX4594%), HDR by 1 7] LAH 2 25 Jii
FLELR . N T 45 24547 8 93 58 1 5 [ (Nanog)
o %% B VR i T 40 i (embryonic stem cell, ESC) . [ 4%,
P & 46 1 Lipofectamine 2000 F LA #11 [m] —45 3 5 1
SpCas9/sgRNA Jii }ii Fl HDR # A % % 3k N ESCs. 45
AW, —45 7 1) 38 58 1 40 A U YT d T R A AH AT R
[ I ¢, U Nanog, Dppa3™". Lipofectamine 2000 ¢
# pSpCas9s Fl ¥ ] hBAX, p21 3t K] i) sgRNA it £ 45
R 35 DR B gL e O\ B DR 411 . CRISPR/Cas9 & 4t
T A AR AU I I T 41 o) DR ke 00 ) b g MG B, f
T J 98 R T DL K R R 41 M S L O T ik
€ F 1 55 AU SpCas9 (eSpCas9) 5k #] %j Bk & H [ Cas9
(SaCas9, eSaCas9), F| F Lipofectamine 2000%% 4t & 15
RAZ K] Cas9 JFURL A sgRNA BRLHE N 40 L. 575 126 3K 15 (14
eSpCas9 B .eSaCas9 I /b it 48 R S 1My H AR SR 4E+F 1 52
fe i R R Lipofectamine 200055 3% 43 A & ik
SpCas9 -5 B 4= (] SpCas91E L e, W 5T 43 #r /N 73 T3
K HISpCas9 & HFe e PE. fE N, 4- 32 LA 52
55 BE Y 2% 1 PE M 3G SpCaso X #ESE R HH T 18 R, 5
T A A0 LR S B 1 i v ik 25 15 Y. & STHBV Y
SpCas9 & sgRNA 5 Lipofectamine 3000 & & ¥ #¢ % &
Z % (K Huh-7 40 il 2 B8 2 1A% R0 3R PR 82 A1
555, Lipofectamine LTX 4 FH A3 36 [ i 42 1) 2
ANHBYV 45 #4942 ) SpCas9-sgRNAs T. B. UL 25 i HBV!™,
i 1 K SpCas9 B SpCas9-D10A 1) I Ji 2 32 J5t i fe Hf
2 sgRNA JF R § N 40 i, Lipofectamine LTX # F 3k
P 1Z RA M PR L LR )b 4k, Lipofectamine
LTXE ] LLF Al ssDNA HDRAEAR (46 A 2% . P
sgRNA 7E A FEAR i b 28 10155 L T 38 7] AR AIG i 38
FERAVERRAE., #—PM 5, PHEsgRNAWA]
i3 51 N X SpCas9 3k B A i 48 25080 g Jo 44k 1
5769, & Lipofectamine RNAIMAX, Lipofectamine 2000,
Lipofectamine LTX PA J2 SAINT-Red (— F & 43 Mt B (1)
B B PH B 1 HE 5 ) /2 2 A~ SpCas9 i A 1) D g v 5 N 24
71, HLBH B 7 i5 i DOTAPMEZ-PLEX (3 T JIk i1 k% 1%
TR B A Je s R AR 22 M BT a2k TR R U, B
A= B SpCas9/sgRNA JIi it 1 5 45 6 A& 17 (1) Jik PR 4H B A
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BEp . o H, X R R T UAE A N A 2008 3% Cre
# ZH g A1 SpCas9/sgRNAR &2 W H-, fi/NR B R
41 g Cre 4 5 1 # 4H % 1A 1 90%, SpCas9 A 5 1 5
&1 B 1% #120%7,

2.2 YKk

FuGene6 ATHPV-18 E6EX E7#L ] SpCas9-sgRNA [
JRRLE A G, RSN YeHeLadi i, T 5] i HPV 3
DRI 2H 7= AE DN AT Y, FEH 2R 35 O e N BB 2R 278 5] N
E6FIE73E K. & bR E6BLET vl H1 ] ‘= 2505 i J8g 4 il A=
K, 1Tt £ M FuGene HD 5 sgRNA iU A1 (27)
SpCas Jii i 4 YL 41 i, TTE1 Ky il % B4R 35 sgRNA GC
ErE I, 1 27%~35% 03 N Bk 2k 2828 4 5] N
] 411,

P 1 2 & 1 BH(CBA-ABOL) ¥k 4 2 & it ki
dCas9-VP64 (SpCas9 1D 10A FTHS40A 1 14, 5% i 4 58
A%, SR 5 AE Cuify 10 A% M Hh @l & T VP64 IR P 5 AL S
1) 54 % sgRNAZ I JFURL, AT DU &M 0 g 65 241 i
T2 [ B R 5 1k P PR DR O, R T 2 e O
TR B VR T HROGT R 40 M PR B P, CRISPR/Cas9
FH 000 153 2 2 5 2 25 DR 20 v i g ) 5 TR B
Effectene 5% 4 7)1 sgRNA Jii #i [F] SpCas9 3 #% 4L it
ANCV-1 (15 B AT 440 B0, S8 5 5 — WA B 4%
Gt NHH [E 40 . A5 90 5 1 35 Il I [R5 21 (0 9 e 2R
I (REP) 3 [ £ #:.5,

AN FALRIRTE T, R O S A S
I 3 4 7] ) sgRNA/SpCas9 FlpClIneo-CD8 Jii ki (R 15 A
CDSAH T4l i 51 ) 5 A, #% J*HEK293T 41 d. i\
43 3% e G 5 IR YL HS V-1 I CDSBH M4 i, F T 15 5 8
BN R A AR ASE AR ) SR 2 045 S0 1 i Rl T Ok % DA 72 AR
o] & SR N 8. 485 AR B, 127 VAU I 50%
(K1 HS V3 R W33 R T H AT 20 10% 0 3 R RN 7 HSPPY,

2 Gl R (TransI T-LT 1)K B 4= B SpCas9mk A
A T AR AL 1 5 R Fok 1 -dCas9, 31K sgRNA [ i i
M %k tdTomato % 't £ [ 1 BURL A% AHEK 29341 ifd, )
HINHEJ T 7= A P AH G RAE . A 75%~90% 11 B bk
X #% Cas9 R 4 T-4, T H., Fok 1 -Cas9ft& & 1 54
A= R SpCas9AH Lb 20K T vy HLA% 7 4 o 47, i HL e i 5
B\ VRN SRR R o N

— M £ 2 7 DNA ¥ 441X 7] X-tremGENE HP, &
5 SpCas9 A8 14 Jii i, sgRNA 8L At 44 57 BL T 1 52 & 4,
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B N 20 J5 3 BT SpCas9 28 44 1) I 1) . B e 5 1)
211 B B ARG U 1 23 % [ e N\ BIER Ok R AR, 4 SRR B
CRISPR/Cas9 % 4t At % 15 2 b 4 5 40 A,

FH & ¥ A W i G ik 7f) TurboFectf AsCpfl (K H
AFEFRERE), LbCpfl Gk H EIZFHH), St1Cas9 O H '8
HE BR B LMD-9) i R 5 #1] 15 SpCas9 B SaCas9 L [7] i
crRANs L 45 & J5 , # N\ Neuro-2a-)> 5 % #4 2598 41 fifd
PLi% S HDR. 45 3 878, AsCpfl 5{ LbCpfl Bt 1% 4 %5t
T DSBS 5 175 5:24%8115%THDR, T % F f\1SaCas9
72 13%, St1Cas942&9%"".

2.3 FRUK A2 SpCas9 i H 5 sgRNAH 1%

Ramakrishna 26 AP0 Suresh 28 A POV HE N 41 50 7
SpCas9%k [ 7 5] N % Bk (cell-penetrating peptide, CPP)
T B4 SpCas9 2R [ B 5 A\ 4 M. @it 3 N TREah &
SpCas9A 14N HZ MR (Gly). 94N S BR (Arg) Fl4 5
R (Lew) 4 & [\ICPPAR [, A LATE A I&E M 4 AF N4tk
33, [H bk, 7ESpCas9 i Ciig 51 N - it 28 IR 7k 56 K T84k
&1 25 B, 76 CPP I FE bty 51 N T R Bk S 525 41, 3 %%
5 SRR . i 55 36 3 0 S B A R ik % 5 CPP
SpCas9 (CPP-SpCas9). CPPLjsgRNA % — & LL il VR &
J& T IE FL 4K B A4, 5 CPP-SpCas9-5sgRNA K.
E T B RN LR TR BEAR T, b
B AT 40 . HEK293THH A . HeLaZ g LA X JIE i
ik g 4 . A 25 SR & R, CPPAY 5 /) CRISPR/Cas9i%
BT T 8.7%~14% 5L (K], 5] e FRAR 17 it S0 25 s
H AT WL, CPPAES /L CRISPR/Cas9 & 4tk N 41 i &
P DR 2 4 T e

ST 2, A R AL 6 BE S T AR T L
CRISPR/Cas9F il BH &5 F/Cas9O g Kk H & W), ¥ Cas9
AL 4 8 T L v R0 N4 B S5 R DATE H AR A7 815 R I
(Al 5% A8 B HDR. — Mk U, JE 8 204 /Cas9 gk 5 &
W% FH TR A EE R Y 4B B 72, FH TR NI L I R 5
AR /CasOAy K A W) WA i3k — 25 (1 Sk

3 CRISPR/Cas9k £ W95 7 # K

3.1 RN R

Y 15 SpCas9 Y 100 4% 3¢5 75 Ik YeHeLa 20 iU, 15 21
SpCas9 ) £ & ik #k 1. % ik SpCas9 Fll sgRNA [ i
B SR T G /N BB B L, 7F 1R 4h HLCD40HT 44

AN AR BOE R AF T, 75 51240 M = 7K1 (1 24 B R
2H. CRISPR/Cas9i¥i #% 55 i 73 4 14 R 0% 1 IgM AL AID R
FE B i iR 5 2 1gG1 " Katnal2 (Katanin P60 subnit
A-like 2) 2 — R ZEWF 78 0 () DICHURE AH OC BE M, ol
T A A B A I UE SO ) T ATP R 1 R AE 5 1 1A
JEAT 9%, Fricano-Kugler®: A1 Williams %5 A% it
Ky 7 — A2 75 GFP, SpCas9 Al P 2% sgRNA [/ 1 i 5%
B, AL T IR 0D 1 5% I sgRN As T ) BE A2 msi R /)
S Katnal2ZZ 159 18, 2RI FNATY S AR 3 Fohidh 5 57 975
0] LATE T 93% N2 A 41 g 5 [ 22 [K] 41+ sgRN A 1Al
sgRNA2 T 51 N4 N Bl 2k 58 A8 396 8 S5 05 75 ml ok
T /N Kamal2 5L ], FEAK K & #1270 IR R4 K.
S 2, 0 SR 95 55 /2 CRISPR/Cas9 4% A K 47 #44.

3.2 R

XuZ NPk % 35 SpCas9 ) i % 2% AllsgRNA T\
mdx /N BRAK R A IEDMD R . LA VE 59 %05 3
J&i AT 2 IEDMD 3 R JAF , 1E mdx /N B AR P9 3B HLE 97
AREAMKIE. %ifdSpCas9 fsgRNA ] i3 5 F
NGRS S BE R T30 A, 45 B R AN R 2K AL 4
Ji (0 955 1 7E 23 24 R 1k A0 i ) FA) 2 TR T B R B
F18%~65%". £ BEE1/E3 it 4 () SpCas9 % 48 [ A/ 58,
PrenFEFI{1sgRNAFLFLIA (1 I BEAd.sgPten, 17EEGY/)N
B2 (K P) M N 4 B (HEK 293 T) J 2446 31| Ad.sgPten
S Pren e KR 28 . Ad.sgPtenfEN L H 4w il R 40 5
NI B 40 B R 4 25 R G BB L, 1 R /0N R 11 B TR 2
AR G I 45 523 1) h 14.8%F122.8% ). [ I, AR 9 B¢
#&CRISPR/Cas9 £ 4t S i A A 33 326 1) — F AT 2 A 30
AR,

3.3 1B¥iE

1895 15 2 1l FH T4 S HBVE; 571 1 sgRNAs 5
SpCas9 i A\ 1% 14 HBV J&k 4 Al M Sk HBV 2 44 9 Fh 41 il
BB AT 2076% [ 9878 7045 55 T B RE i A o R B, 4
XTHBV ] Cas9/sgRNA & Gt ffi ML HBV i # DNAZK - B¢
3T T4 2 —, HcceDNAZK PR 3 T+ 42—,
I IAR KT T R4y 5k B 195 FEDNAY, T 1 b
B S U0 i 5] A\ K5 E IDNA F B, Maruyama s A%
SpCas9 FllsgRNA 73 FF 2 N\ P F i85 2 1, SR ), # %
510 4 P (A SRR AT A Y. SIZEG 25 AR A, 1B
HECRISPR/Cas9 5 4t Al 1 S 3RS 1 11 7 2280 11 2 18] 4

1145



{76 58 4 CRISPR/Cas943 A A= 1 = 27 A0 A 9 B B s 75 B A

R 24 FINEHT A0 #1771 A B, HDR A 5 ) 528 (R 4 B
KB IE 1)59.3%. H TE 1R & £ A7 fUfsgRNAs
L5 SpCas9 18 i 2 R IA HARIRAL T — Fh e L R 24 K P
PEA 3 K T RE F 397 5 5. Shalem 5 AR 38 — AN 1855
7 GeCKO 3 J# (genome-scale CRISPR/Cas9 knock-out,
CRISPR/Cas941 7 [ 5 PR 2H i [l (1 ), 437647515
5 5 1 ¥ sgRNAs, 6685 8 7] 180804 FE (R A7 s, &1k
07 328 L Th P AT HE FE BT 0 LA BRAR g I B[R], JL
A8 2 BTSRRI 2 B R DA S 4 S R AL ) — 1
I3 B SC JE B 6 2% sgRN AT N — AN JE R A7 1, RE 6% 5L 1)
195024 L[], iR 45 R B R 2 7% 2 HeLaZi fif2 0 R
KR N D) Cas9'™. R FH 18 97 # CRISPR/Cas9 R 4t
K o 53 11 25 R I B 9R 4 o B MCL- 1 TR, 5] R
R HR LR A PR U T R B80%. 1 HL, 7E AAF SEAF R
Jo A AR A AL T 38 8 B & % 5 CRISPR/Cas9
HENAR I, 1% R SR IE K sgRNA 5] 2 8 S iR 5%
A K A ),

3.4 RAH RN B

JiR AH 5% 95 75 28 4 (adeno-associated virus, AAV) /&
— i DRI TT AR A S 1, AT R, K
P TR, ek /b DR 7 35 (R 2 3 A N i BN AL R
6 R X DA R T 32 B a7 2R 25 R P07, AAV AT DA
11,37 SpCas9 (%14.2 kb), sgRNA Iz — N & 51 1(£10.3 kb)
TE— ANk, {8 52 BT 35 B3k B8 214 PR (R B o
ARG & EE T, HEEREL4.5 kb), XFEHE A
TR IE I R R O A — AR AN s 1
Truong %5 NP3 F-SpCas9 (1) & [ 45/ i+ & i T 4
NG A S 19> FCaso e S\ PHE R 48, X FEk AT LL
1k CasO I 4 il 57 51 o3 A1 T W5 S AAV A b, 7E B fE
T 2 N Cas9O R (. IX Pl 28 G 4wt 1) Cas9 f JL [K] 4
8715 BF AL T CasO AL, X Rt FLdE R & &
SpCas9”' ) [1 . T HLXUAAV % % fe % 3% I HDR 1)
BR. WA S0 2 AP R G 0] LUE T AAV
.25 33 N 20 A, I H.CasO 2R [ 3% P4 76 40 i o BE 8
WA . WA BT 2R 25 2 SpCas94i i J7 51| v & UL TT
REITH, SpCas9fifith /7 41| 4.2 kbiak/b> £14.0 kb, {H 2
TR 5 1 SpCasOi M Bl 22 T B&7. ELSRSt1Cas9ft
/NZ1N3.4 kb, FHPAMJT 51l (NNAGAAW) L 5 24,
177 258 R L 1) 90 B 2, FH AAV353%6 Stl CasOHEAT 3 KIVA
I7 HIRIE 7T e 737, SaCas9 K /N H A5 3.2 kb, % (K4

1146

AR R BE 13 50 35 R L SpCas92=. [Al ik, 1| 5 45 1)
SaCas9 AT B ¥ sgRNA B DAL B HE N 2 i AAV 244,
WIAAVS, B v 7N B f RE [ 3 45 56 X Pesk9.
F ke S — A )5, Ran%e N7R B KT 40% (1 3 A1
CL WL R, ILT T Pesk9 R 3 RE [ B 1R 7K 7 #54 B 208
A G BFLH] | AAV-SaCas9 % R 4 5 R Gi (E 4R N BES
EBE . FER AR E . AR E R EA
& AAVI FH T 1% 1% SpCas9 8l SaCas9 15 H AH . sgRNA Sk
B mdx/ S R Z R IDMD (WUE 7 A | S [R) 5
(A, sS4t B R, X e md B AL /N iR 1 DMD X[ 7 31
o Re A S, IUE 72 A R A ENVE A R/ R
R o 5 o3 A 23K, W 7t # SpCas9 5 sgRNA
Iy TFELIRAE XLAAV RS, B J5 SR N AR /IS BTG
WX AR XLAAV AR R TE R P BRI Y 8 B L R (Mecp?2),
W e i 8 2 F K (DnmtCas91, 3a, 3b)7%7. H1lk, AAV
& Fl T2 5 T CRISPR/CasO i A i N R EE R VR T 24
/B R R ANNE %

4 B B R A 15 AR R e
B9 5 AR I IE A Cas9 (Cas9FE H « mRNA B R

FE25) B AT e I 2GE AL 4 B9 PR (KR o, 7T DA
GebUAR e 52 AN I 5 1 J L A (P 2,

Adenovirus-Cas9-sgRNA
Lentivirus-Cas9-sgRNA

rAAV-Cas9-sgRNA

o &
o

R o
M 7
8 Q
299
Wb
Nanoparticle-Cas9 3 .
protein-sgRNA &3 =] Nanoparticle-
& 3 Cas9 mRNA-sgRNA
LS =
Nanoparticle-Cas9 %)

plasmid-sgRNA HRN

B 2 CRISPR/Cas9Ry ik R G M (ML EE)
NERDFARA 1) Cas9 5 sgRNA T 5142, 35 33 N0 25 304 (B 48 i
B EAMRAR SO AR 18 E)H TR A%, Cas9FH A
55 Cas9 ) mRNA FlsgRNA B 4 15 Cas9 5 sgRNA I i A 3 7E

I BRI T R KR -CasO [ 52 & 4)



hE R BBl 20174 H47% 11

fig i 44 BLC12-200/cholesterol/C 14PEG2000/DOPE/{£ 4
VY 4% 182 £, 5% SpCas9/mRNA (£14.5 kb) J& T B ARG 75 %%
R 2449 2K §i (NanoCas9). — Ff %% #, U6-sgRNA J HDR 1%
R T AAV2/8 45 ¥ 11 9 B (AAV-sgRNA-HDR), F K #E
& 5 Fah™ "™ /N T A Fah 7 B K33 5 Foh % 1A
i I R K ) 97 TN 8~10 & # 1 Fah™ ™ /N L. 1X
A 25 A1 E 95 B 6 A 16 CRISPR/Cas9 Ak Rl it 4 1E
Fah$ 9875 =42 1 FahFHYE I R A0AE, S2/f 1 /0 BR A
R R RN A0 05 S R R AN N ok, A N R 7
FR B3 B B 45 G 38 2 il CasO R I HE SR PR A Ry
24 Ji 1D 20 B S R Y TE 26 K T 6%, 3R BRI & AR 75 %
I BE B AR IR 38 77 U] BLSL A T 5 22 95 0 1) ik A
IR,

5 B4iERE

1E A W) 5 25 858 % [ CRISPR/Cas9 #4414
Je N 351 h a5 A0 22 1A B Ak R L AR B

1A BE 1% K5 CRISPR/Cas9 5 Gt /K #M & N 41 i, 42 17 2
i e DRV ZH R 0 A7 AL AR R AR 5 NI Cas9 8 BY
CasOWf I 1A T H BEA% Il /N 55 81 2 3R 18 Cas9
15 R AR P 2 S I R o BB AR . 5 S B R AR L,
I B 24 B B A SOHUEF CRISPR/Cas9%% 5 #E A Py #E
ZH 2 T FARAE H A7 S DNAXUGE K 24, if i NHEJ 51
A SR AR BB HDREAT H FME . A E T AR 54k
A, 975 B R AR E 5 IR v R R 2 (R R N T TS 20 T
RO SR, 6 B A 47 4 R IK Cas9 2> 5]
S A A R, A X — T T B B RIS A it — 2
etk sgRNAA () DNA A4 R 74 2 N\ 95 5 044 h
{5 FLFR L3R IA ; T ok I 028 (1) Cas9 FH AR B 4k 2 IR
225105 BN EWIA PN . sgRNAFIDNA fHAAAR R 1
FREL RIS B T 2k DR G B 28056 (1) 2 1, Cas9MBi i) K04
TE G, TV LE ) S % B N FT B B A . PRI, AR S
I B B IR A 18325 1] RS2 SCI CRISPR/Cas9 & 4t b
R TT M B AE IR

F 1 CRISPR/Cas9 £ 4 Wy e 5% 3 SRR | SR TE £ 4 B 25 S8 B A
T R it 3% % % 7 Fi
P N . 10 L 24 A K 4
T S R4 R i . 1
Hh P 41 S R 5, P 4 L IR A % L 99 5 5132 R 4
Rk ST PR T /N 0 s 1A R SR AR, 1 R L R A 1 P B K o i 1 B 9
% ik ot L2 SRR, 1A LT R A 5 410 L B R 4 4
. e . AN 9 P 51 PR S
B 55 AR 5T, AR e T 5 25 2
N 1 PO R T, M R A i e et L g TR e
30t 7 A NG, J5 I R FEAE R S 2 B T
I e - — 5 PO 0032 R 9 3 o O
1875 RAR, AR 55 AR AL, 5 6 3 PR TR o 5h 5 5t
s % PP RO, AR G S5, R 7 R 3 14 75 1 3 R ¥ T
A e 5 P R B, R B S A AT IR, A 3884835 1 3 1K 96
22 3Rk

1 Urnov F D, Rebar E J, Holmes M C, et al. Genome editing with engineered zinc finger nucleases. Nat Rev Genet, 2010, 11: 636-646

2 JoungJ K, Sander J D. TALENS: a widely applicable technology for targeted genome editing. Nat Rev Mol Cell Biol, 2013, 14: 49-55
3 BRGW, BB, B, 55 SO g B BOR QI H BT R B R TR A o AR A ar R, 2017, 600 1196-1199
4

Topalian S L, Hodi F S, Brahmer J R, et al. Safety, activity, and immune correlates of anti-PD-1 antibody in cancer. N Engl J Med, 2012, 366:

24432454

5 HeZY,DengF, Wei X W, et al. Ovarian cancer treatment with a tumor-targeting and gene expression-controllable lipoplex. Sci Rep, 2016, 6:

1147


https://doi.org/10.1038/nrg2842
https://doi.org/10.1038/nrm3486
https://doi.org/10.1056/NEJMoa1200690
https://doi.org/10.1038/srep23764

{76 58 4 CRISPR/Cas943 A A= 1 = 27 A0 A 9 B B s 75 B A

22
23

24

25

26
27

28

29
30

31

32

33

34

35

1148

23764

Li H, Eishingdrelo A, Kongsamut S, et al. G-protein-coupled receptors mediate 14-3-3 signal transduction. Sig Transduct Target Ther, 2016, 1:
16018

Osakabe Y, Watanabe T, Sugano S S, et al. Optimization of CRISPR/Cas9 genome editing to modify abiotic stress responses in plants. Sci Rep,
2016, 6: 26685

Gaj T, Gersbach C A, Barbas lii C F. ZFN, TALEN, and CRISPR/Cas-based methods for genome engineering. Trends Biotech, 2013, 31: 397-405
Hille F, Charpentier E. CRISPR-Cas: biology, mechanisms and relevance. Phil Trans R Soc B, 2016, 371: 20150496

Savi¢ N, Schwank G. Advances in therapeutic CRISPR/Cas9 genome editing. Transl Res, 2016, 168: 15-21

Cox D B T, Platt R J, Zhang F. Therapeutic genome editing: prospects and challenges. Nat Med, 2015, 21: 121-131

Cheong T C, Compagno M, Chiarle R. Editing of mouse and human immunoglobulin genes by CRISPR/Cas9 system. Nat Commun, 2016, 7:
10934

Croce C M, Zhang K, Wei Y. Announcing signal transduction and targeted therapy. Sig Transduct Target Ther, 2016, 1: 15006

Munshi N V. CRISPR (clustered regularly interspaced palindromic repeat)/Cas9 system: a revolutionary disease-modifying technology. Circu-
lation, 2016, 134: 777-779

Yang Y, Wang L, Bell P, et al. A dual AAV system enables the Cas9-mediated correction of a metabolic liver disease in newborn mice. Nat
Biotechnol, 2016, 34: 334-338

Jiang C, Mei M, Li B, et al. A non-viral CRISPR/Cas9 delivery system for therapeutically targeting HBV DNA and pcsk9 in vivo. Cell Res,
2017, 27: 440443

Zhang X, Wang S. From the first human gene-editing to the birth of three-parent baby. Sci China Life Sci, 2016, 59: 1341-1342

Cyranoski D. Chinese scientists to pioneer first human CRISPR trial. Nature, 2016, 535: 476477

Deng H, Li W, Wei Y. Translational Medicine Center of West China Hospital. Sci China Life Sci, 2016, 59: 1055-1056

Reardon S. First CRISPR clinical trial gets green light from US panel. Nature, 2016, doi:10.1038/nature.2016.20137

Yin H, Song C Q, Dorkin J R, et al. Therapeutic genome editing by combined viral and non-viral delivery of CRISPR system components i vivo.
Nat Biotechnol, 2016, 34: 328-333

Zhang D, Li J F. DNA-guided genome editing tool. Sci China Life Sci, 2016, 59: 740-741

Niu 'Y, Shen B, Cui Y, et al. Generation of gene-modified cynomolgus monkey via Cas9/RNA-mediated gene targeting in one-cell embryos. Cell,
2014, 156: 836-843

Jao L E, Wente S R, Chen W. Efficient multiplex biallelic zebrafish genome editing using a CRISPR nuclease system. Proc Natl Acad Sci USA,
2013, 110: 13904-13909

Harel I, Valenzano D R, Brunet A. Efficient genome engineering approaches for the short-lived African turquoise killifish. Nat Protoc, 2016, 11:
2010-2028

Zhang T, Yin Y, Liu H, et al. Generation of VDR knock-out mice via zygote injection of CRISPR/Cas9 system. PLoS ONE, 2016, 11: 0163551
Xie S L, Bian W P, Wang C, et al. A novel technique based on in vitro oocyte injection to improve CRISPR/Cas9 gene editing in zebrafish. Sci
Rep, 2016, 6: 34555

Sessions J W, Skousen C S, Price K D, et al. CRISPR/Cas9 directed knock-out of a constitutively expressed gene using lance array nanoinjection.
Springerplus, 2016, 5: 1521

Feng Y, Sassi S, Shen J K, et al. Targeting Cdk11 in osteosarcoma cells using the CRISPR/Cas9 system. J Orthop Res, 2015, 33: 199-207

Su S, Hu B, Shao J, et al. CRISPR/Cas9 mediated efficient PD-1 disruption on human primary T cells from cancer patients. Sci Rep, 2016, 6:
20070

Schumann K, Lin S, Boyer E, et al. Generation of knock-in primary human T cells using Cas9 ribonucleoproteins. Proc Natl Acad Sci USA,
2015, 112: 10437-10442

Tanihara F, Takemoto T, Kitagawa E, et al. Somatic cell reprogramming-free generation of genetically modified pigs. Sci Adv, 2016, 2:
€1600803—e1600803

Valletta S, Dolatshad H, Bartenstein M, et al. ASXL/ mutation correction by CRISPR/Cas9 restores gene function in leukemia cells and increases
survival in mouse xenografts. Oncotarget, 2015, 6: 44061-44071

Mandal P K, Ferreira L M R, Collins R, et al. Efficient ablation of genes in human hematopoietic stem and effector cells using CRISPR/Cas9.
Cell Stem Cell, 2014, 15: 643-652

Cho S W, Kim S, Kim Y, et al. Analysis of off-target effects of CRISPR/Cas-derived RNA-guided endonucleases and nickases. Genome Res,
2014, 24: 132-141


https://doi.org/10.1038/sigtrans.2016.18
https://doi.org/10.1038/srep26685
https://doi.org/10.1016/j.tibtech.2013.04.004
https://doi.org/10.1098/rstb.2015.0496
https://doi.org/10.1016/j.trsl.2015.09.008
https://doi.org/10.1038/nm.3793
https://doi.org/10.1038/ncomms10934
https://doi.org/10.1038/sigtrans.2015.6
https://doi.org/10.1161/CIRCULATIONAHA.116.024007
https://doi.org/10.1161/CIRCULATIONAHA.116.024007
https://doi.org/10.1038/nbt.3469
https://doi.org/10.1038/nbt.3469
https://doi.org/10.1038/cr.2017.16
https://doi.org/10.1007/s11427-016-0358-3
https://doi.org/10.1038/nature.2016.20302
https://doi.org/10.1007/s11427-015-4863-y
https://doi.org/10.1038/nature.2016.20137
https://doi.org/10.1038/nbt.3471
https://doi.org/10.1007/s11427-016-0128-8
https://doi.org/10.1016/j.cell.2014.01.027
https://doi.org/10.1073/pnas.1308335110
https://doi.org/10.1038/nprot.2016.103
https://doi.org/10.1371/journal.pone.0163551
https://doi.org/10.1038/srep34555
https://doi.org/10.1038/srep34555
https://doi.org/10.1186/s40064-016-3037-0
https://doi.org/10.1002/jor.22745
https://doi.org/10.1038/srep20070
https://doi.org/10.1073/pnas.1512503112
https://doi.org/10.1126/sciadv.1600803
https://doi.org/10.18632/oncotarget.6392
https://doi.org/10.1016/j.stem.2014.10.004
https://doi.org/10.1101/gr.162339.113

hE R BBl 20174 H47% 11

36

37

38

39
40

41

42

43
44

45

46
47

48

49

50

51

52

53
54

55

56

57

58

59

60
61

62

Kleinstiver B P, Pattanayak V, Prew M S, et al. High-fidelity CRISPR/Cas9 nucleases with no detectable genome-wide off-target effects. Nature,
2016, 529: 490-495

Kim S, Kim D, Cho S W, et al. Highly efficient RNA-guided genome editing in human cells via delivery of purified Cas9 ribonucleoproteins.
Genome Res, 2014, 24: 1012-1019

Lin SR, Yang H C, Kuo Y T, et al. The CRISPR/Cas9 system facilitates clearance of the intrahepatic HBV templates in vivo. Mol Ther Nucleic
Acids, 2014, 3: ¢186

Xue W, Chen S, Yin H, et al. CRISPR-mediated direct mutation of cancer genes in the mouse liver. Nature, 2014, 514: 380-384

Yin H, Xue W, Chen S, et al. Genome editing with Cas9 in adult mice corrects a disease mutation and phenotype. Nat Biotechnol, 2014, 32:
551-553

Blinka S, Reimer Jr. M H, Pulakanti K, et al. Super-enhancers at the nanog locus differentially regulate neighboring pluripotency-associated
genes. Cell Rep, 2016, 17: 19-28

Liu Y, Zeng Y, Liu L, et al. Synthesizing AND gate genetic circuits based on CRISPR/Cas9 for identification of bladder cancer cells. Nat
Commun, 2014, 5: 5393

Slaymaker I M, Gao L, Zetsche B, et al. Rationally engineered Cas9 nucleases with improved specificity. Science, 2016, 351: 84-88

Davis K M, Pattanayak V, Thompson D B, et al. Small molecule-triggered Cas9 protein with improved genome-editing specificity. Nat Chem
Biol, 2015, 11: 316-318

Sakuma T, Masaki K, Abe-Chayama H, et al. Highly multiplexed CRISPR/Cas9-nuclease and Cas9-nickase vectors for inactivation of hepatitis
B virus. Genes Cells, 2016, 21: 1253-1262

Fu'Y, Sander J D, Reyon D, et al. Improving CRISPR-Cas nuclease specificity using truncated guide RNAs. Nat Biotechnol, 2014, 32: 279-284
Zuris J A, Thompson D B, Shu Y, et al. Cationic lipid-mediated delivery of proteins enables efficient protein-based genome editing in vitro and
in vivo. Nat Biotechnol, 2015, 33: 73-80

Kennedy E M, Kornepati A V R, Goldstein M, et al. Inactivation of the human papillomavirus E6 or E7 gene in cervical carcinoma cells by using
a bacterial CRISPR/Cas RNA-guided endonuclease. J Virol, 2014, 88: 11965-11972

Lin Y, Cradick T J, Brown M T, et al. CRISPR/Cas9 systems have off-target activity with insertions or deletions between target DNA and guide
RNA sequences. Nucleic Acids Res, 2014, 42: 74737485

Adler A F, Grigsby C L, Kulangara K, et al. Nonviral direct conversion of primary mouse embryonic fibroblasts to neuronal cells. Mol Ther
Nucleic Acids, 2012, 1: €32

Perez-Pinera P, Kocak D D, Vockley C M, et al. RNA-guided gene activation by CRISPR/Cas9-based transcription factors. Nat Meth, 2013, 10:
973-976

Yuan M, Gao X, Chard L S, et al. A marker-free system for highly efficient construction of vaccinia virus vectors using CRISPR Cas9. Mol Ther
Methods Clin Dev, 2015, 2: 15035

Yuan M, Zhang W, Wang J, et al. Efficiently editing the vaccinia virus genome by using the CRISPR/Cas9 system. J Virol, 2015, 89: 5176-5179
Suenaga T, Kohyama M, Hirayasu K, et al. Engineering large viral DNA genomes using the CRISPR/Cas9 system. Microbiol Immunol, 2014,
58: 513-522

Tsai S Q, Wyvekens N, Khayter C, et al. Dimeric CRISPR RNA-guided Fok I nucleases for highly specific genome editing. Nat Biotechnol,
2014, 32: 569-576

Truong D J J, Kithner K, Kiihn R, et al. Development of an intein-mediated split-Cas9 system for gene therapy. Nucleic Acids Res, 2015, 43:
64506458

Toth E, Weinhardt N, Bencsura P, et al. Cpfl nucleases demonstrate robust activity to induce DNA modification by exploiting homology directed
repair pathways in mammalian cells. Biol Direct, 2016, 11: 46

Ramakrishna S, Kwaku Dad A B, Beloor J, et al. Gene disruption by cell-penetrating peptide-mediated delivery of Cas9 protein and guide RNA.
Genome Res, 2014, 24: 1020-1027

Suresh B, Ramakrishna S, Kim H. Cell-penetrating peptide-mediated delivery of Cas9 protein and guide RNA for genome editing. Methods Mol
Biol, 2017, 1507: 81-94

Tao L, Zhang J, Meraner P, et al. Frizzled proteins are colonic epithelial receptors for C. difficile toxin B. Nature, 2016, 538: 350-355
Fricano-Kugler C J, Williams M R, Salinaro J R, et al. Designing, packaging, and delivery of high titer CRISPR retro and lentiviruses via stereo-
taxic injection. JoVE, 2016, doi: 10.3791/53783

Williams M R, Fricano-Kugler C J, Getz S A, et al. A retroviral CRISPR/Cas9 system for cellular autism-associated phenotype discovery in
developing neurons. Sci Rep, 2016, 6: 25611

1149


https://doi.org/10.1038/nature16526
https://doi.org/10.1101/gr.171322.113
https://doi.org/10.1038/mtna.2014.38
https://doi.org/10.1038/mtna.2014.38
https://doi.org/10.1038/nature13589
https://doi.org/10.1038/nbt.2884
https://doi.org/10.1016/j.celrep.2016.09.002
https://doi.org/10.1038/ncomms6393
https://doi.org/10.1038/ncomms6393
https://doi.org/10.1126/science.aad5227
https://doi.org/10.1038/nchembio.1793
https://doi.org/10.1038/nchembio.1793
https://doi.org/10.1111/gtc.12437
https://doi.org/10.1038/nbt.2808
https://doi.org/10.1038/nbt.3081
https://doi.org/10.1128/JVI.01879-14
https://doi.org/10.1093/nar/gku402
https://doi.org/10.1038/mtna.2012.25
https://doi.org/10.1038/mtna.2012.25
https://doi.org/10.1038/nmeth.2600
https://doi.org/10.1038/mtm.2015.35
https://doi.org/10.1038/mtm.2015.35
https://doi.org/10.1128/JVI.00339-15
https://doi.org/10.1111/1348-0421.12180
https://doi.org/10.1038/nbt.2908
https://doi.org/10.1093/nar/gkv601
https://doi.org/10.1186/s13062-016-0147-0
https://doi.org/10.1101/gr.171264.113
https://doi.org/10.1038/nature19799
https://doi.org/10.3791/53783
https://doi.org/10.1038/srep25611

{76 58 4 CRISPR/Cas943 A A= 1 = 27 A0 A 9 B B s 75 B A

63

64

65

66

67

68
69

70
71
72
73

74
75

76

77
78

79
80

81

82

1150

Xu L, Park K H, Zhao L, et al. CRISPR-mediated genome editing restores dystrophin expression and function in mdx mice. Mol Ther, 2016, 24:
564-569

Maggio I, Holkers M, Liu J, et al. Adenoviral vector delivery of RNA-guided CRISPR/Cas9 nuclease complexes induces targeted mutagenesis
in a diverse array of human cells. Sci Rep, 2014, 4: 5105

Wang D, Mou H, Li S, et al. Adenovirus-mediated somatic genome editing of Pten by CRISPR/Cas9 in mouse liver in spite of Cas9-specific
immune responses. Hum Gene Ther, 2015, 26: 432-442

Kennedy E M, Bassit L C, Mueller H, et al. Suppression of hepatitis B virus DNA accumulation in chronically infected cells using a bacterial
CRISPR/Cas RNA-guided DNA endonuclease. Virology, 2015, 476: 196-205

Maruyama T, Dougan S K, Truttmann M C, et al. Increasing the efficiency of precise genome editing with CRISPR/Cas9 by inhibition of non-
homologous end joining. Nat Biotechnol, 2015, 33: 538542

Shalem O, Sanjana N E, Hartenian E, et al. Genome-scale CRISPR/Cas9 knockout screening in human cells. Science, 2014, 343: 84-87
Aubrey B J, Kelly G L, Kueh A J, et al. An inducible lentiviral guide RNA platform enables the identification of tumor-essential genes and
tumor-promoting mutations in vivo. Cell Rep, 2015, 10: 1422-1432

Yi L, LiJ. CRISPR/Cas9 therapeutics in cancer: promising strategies and present challenges. Biochim Biophys Acta, 2016, 1866: 197-207
Ran F A, Cong L, Yan W X, et al. In vivo genome editing using Staphylococcus aureus Cas9. Nature, 2015, 520: 186-191

Nishimasu H, Ran F A, Hsu P D, et al. Crystal structure of Cas9 in complex with guide RNA and target DNA. Cell, 2014, 156: 935-949
Garneau J E, Dupuis M E, Villion M, et al. The CRISPR/Cas bacterial immune system cleaves bacteriophage and plasmid DNA. Nature, 2010,
468: 67-71

Cong L, Ran F A, Cox D, et al. Multiplex genome engineering using CRISPR/Cas systems. Science, 2013, 339: 819-823

Long C, Amoasii L, Mireault A A, et al. Postnatal genome editing partially restores dystrophin expression in a mouse model of muscular dystro-
phy. Science, 2016, 351: 400-403

Nelson C E, Hakim C H, Ousterout D G, et al. In vivo genome editing improves muscle function in a mouse model of Duchenne muscular
dystrophy. Science, 2016, 351: 403—407

Tabebordbar M, Zhu K, Cheng J K W, et al. In vivo gene editing in dystrophic mouse muscle and muscle stem cells. Science, 2016, 351: 407411
Swiech L, Heidenreich M, Banerjee A, et al. In vivo interrogation of gene function in the mammalian brain using CRISPR/Cas9. Nat Biotechnol,
2015, 33: 102-106

Mentis A F. Epigenomic engineering for Down syndrome. Neurosci Biobehav Rev, 2016, 71: 323-327

Yao S, He Z, Chen C. CRISPR/Cas9-mediated genome editing of epigenetic factors for cancer therapy. Hum Gene Ther, 2015, 26: 463471
Liu J, Shui S L. Delivery methods for site-specific nucleases: achieving the full potential of therapeutic gene editing. J Control Release, 2016,
244: 83-97

Wang L, Li F, Dang L, et al. In vivo delivery systems for therapeutic genome editing. Int J Mol Sci, 2016, 17: 626


https://doi.org/10.1038/mt.2015.192
https://doi.org/10.1038/srep05105
https://doi.org/10.1089/hum.2015.087
https://doi.org/10.1016/j.virol.2014.12.001
https://doi.org/10.1038/nbt.3190
https://doi.org/10.1126/science.1247005
https://doi.org/10.1016/j.celrep.2015.02.002
https://doi.org/10.1016/j.bbcan.2016.09.002
https://doi.org/10.1038/nature14299
https://doi.org/10.1016/j.cell.2014.02.001
https://doi.org/10.1038/nature09523
https://doi.org/10.1126/science.1231143
https://doi.org/10.1126/science.aad5725
https://doi.org/10.1126/science.aad5143
https://doi.org/10.1126/science.aad5177
https://doi.org/10.1038/nbt.3055
https://doi.org/10.1016/j.neubiorev.2016.09.012
https://doi.org/10.1089/hum.2015.067
https://doi.org/10.1016/j.jconrel.2016.11.014
https://doi.org/10.3390/ijms17050626

	CRISPR/Cas9技术在生物医学领域的非病毒及病毒载体
	摘要
	1 CRISPR/Cas9系统直接导入
	1.1 Cas9与sgRNAs共显微注射
	1.2 Cas9与sgRNAs的兰斯阵列纳米注射
	1.3 Cas9与sgRNAs的电转导入
	1.4 Cas9与sgRNAs的尾静脉高压注射

	2 CRISPR/Cas9系统的非病毒载体
	2.1 脂质体
	2.2 纳米粒
	2.3 穿膜肽介导的SpCas9蛋白与sgRNA递送

	3 CRISPR/Cas9体系的病毒载体
	3.1 逆转录病毒
	3.2 腺病毒
	3.3 慢病毒
	3.4 腺相关病毒

	4 非病毒载体和病毒载体的联用
	5 总结与展望
	参考文献

