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[ Abstract |

Compared with the traditional zincfinger nucleases and transcription activator-like effector nuclease gene editing technologies,

CRISPR-Cas9 is an adaptive immune system of bacteria and archaea that resists the invasion of foreign genes.

CRISPR-Cas9 has the advantages of simple operation, high efficiency and low off-target efficiency. In recent years, this tech-
nique has been widely used in the construction of gene editing tumor cells. In this paper, the application of CRISPR-Cas9 in
the construction of gene-editing tumor cells were reviewed, aiming to provide theoretical basis for the preclinical study of
CRISPR-Cas9.
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AR L 1Y 18] B e 91 HE 2 41 G, A G % TR i 9
(Cas9) HE[H 2 % 1Y 2 B3 BB AT S A% IR &S & 1
IHRE i FAT SAX TR G 55 Tl | A e 1ty 55 Bl 45 5 1
it BT CRISPR-Cas9 £ 4ty fE M B, AFFE N
FUERASN N A 5] 7 RNA (guide RNA, gRNA)
G S G RE E Jk BR  BE rORG Aff S 1) S5 BT 1), F
THRI T —Fh iy gRNA (455 | Cas9 & i T 455 1 ik
PRI 51 %) DNASURE #5475 D) 351 1% 7 1Y i [R] i 48 4
R I A 5 15 5L 1) BF 16 A% R i ( zincfinger nu-
cleases , ZFNs ) F1 e 55 T FF 1 2% 0 W) 4% R iy
(' transcription
TALEN ) i[RI 48 F AR AR L, BA S 48 30058 0 45
(R TG NG TN YN E L F N L Jad
S

R 0 A 5 R S e — A 2R 2 51 A
[} 5 53 B AH B SR S 2 A [)—BE P
TEAS R I AR B B (A ) S8 v g i 4536 A
AR AEYE B2 o 3 g i) 2 R 2 22 o
Z JR IR T AL 4 DGR 7 A S5 LA 2 T b, T 4R R
Bfi# CRIPSR-Cas9 JE[K g R IR AT 5T, (115
IR T NEE RNG YT 2 T IS T8 2 B R
Ho AT CRISPR-Cas9 J K] g 45 H AR AEAL g
AN MR BIFFE 5 N b R gk R EAT 2Rk, B AE N
I ek P iS5 B2 AR ) SE SR T SR

1 CRISPR-Cas 9 EEFHIEH A

L1 HKARET

CRISPR-Cas ZRGL1E [ IR A b4y 3 A2
TEHE DR Gt 4 B A Hh el i G 2 1T 2 CRISPR-Cas9
R, EARGALE 3 DL ICH, CRISPR RNA (er
RNA) . Cas9 % H . 5 7% RNA ( trans-activating
RNA , tracr RNA) , er RNA Fl tracr RNA #43 H #MQ
XTI — BAUEE RNA, 7 A 45 5| 7 A/E 1Y Cas9
Y H AR DNA, PR HZ AU RNA 58 5 SRR R
S 1i] RNA (gRNA) ' Jinek 262144 CRISPR-Cas9
RGP BUEE gRNA A 6 14 19 2l i O 5% gRNA
(single guide, sgRNA) AR ARTT 7 IZBARRIN IS
R, AR IR AR HL A W] ) 2 i 22 150 o BE R
hRg ., HEALEFEIAF T sgRNA 7] 54
(6] F7> 51) 5 ANEC T F 2 32 X , Cas9 PR3 [a] iy U] 1
FE S DNA XUEE, JE URe 5 DNA USRI AL, &
BT DNA SUE F 845 2 s X —
AE A P8 2K ¥ 3% 2 ( non-homologous end joining,

activator-like  effector  nudeases,

NHE]) &5 AT BL R PR AR B , A NHEJ (& 5
RS Pt 3 A s 53 T S 5 K] 5 28 AR 5 IR it 5 5
— P FR E B A 1% FME & RN AR S , v 58
1 B PR A P AL A R M B LA S R g A BE I
Fric A S B 3L H 46 A %5, CRISPR-Cas9 Z 424Ul
HUAL R OCHEAE T sgRNA H 5 DNA FAMECXT 192
20 MRS TR H o P A S A TR [ 7 5,
T BT AR B8] 781, 5 ZFN Fl TALEN %8550
F6 35 DR B R AR L B R LA R T B bR
B H AR 2 o AR I, 8 5 [F s i 2 A
sgRNA | 1] $I1 ia] 2 45 4= 3 DRI AL P 91 22 0, AR K )
P TR g% . HET CRISPR-Cas9 AR HF
V962 240 e A 0 K Sty A AU AL A, 2 Ok ] sgRNA F
Bt
1.2 CRISPR-Cas HEFE 451372

CRISPR-Cas RGX]TAME DNA [/ R 43
HEAERRS (B 1) 1) LU, BB 4 Cas
HEMFEE I CRISPR 7581, 145 5 & 7 51 F1 (8] B
FEAI; 2) &% 5t 45 4 ik, RIDKE BT (0 8] B O 8 9 A
CRISPR J#4 5, 31 crRNA P4 gEf7455 5, Cas9 &
F5 I TR erRNA HEF T4 R 383K 53) Sy B
Y, 3844 Cas9 IR TR H bR DNA 5 RNA, HAik
M, 4585 DNA AR 15 E40H, Cas 8 HR I
¥ HME DNA #45 F 15 2219 CRISPR J@41 A ik
B4 TE] B PP 371, P G 86 71 I DNA B 25 — Ik i
127 (B TA) o 2% 5ME DNA FIR ARET, %5
DNA J B it CRISPR & [K %% % Al crRNA ( pre-
crRNA) , pre-crRNA £5%% 5% RNA | Cas 75 [ 2 RNA
A U T A4 Jn T B ), 5% A8 S B JE S crRNA
(E1B), ZMEY orRNA 5 tracr RNA 254518
B AUE RNA, B gRNA, gRNA 5] 5 & & &3
AR DNA H (i (8] B T 3 i 305 3% 5 ( protospacer
adjacent motif,PAM) , PAM i & H1 NGG =~k %t
FIRL (N AE RIS ) , I Cas9 7€ PAM |JiF 3 4>
BRI AL JEA T4 ) D) K 15 7 DNA 5 RNA (1) XUE% W7
ZLE1C) o b, B it G s 7 51 3l 2o i 5 6
ANECXT 1 5 2K, 3 A FJEAT 1) DNA 5 RNA o JE A%
i) DNR 5 RNA, A7 BF 58 3 B, tracRNA Al
crRNA & 4 ) Ak B — B R /N 100 AN 17 R 1Y
sgRNA, % sgRNA A & {0 F 5 %fi 20 % BR 1
DNA HAMX crRNA DA F 3% 70 ~ 80 LT
MRHY tracrRNA, H.i% sgRNA {& & 1T DNA 1% )7 51
PR S
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Figure 1. Mechanism of CRISPR-Cas9

2 CRISPR-Cas9 #7778 & [ 4 45 f &8 40 g
RE Fry R A

CRISPR-Cas9 5 A TE 2 £ /it 783 41 Mg A5 20 |, A
PaA TR FE X i 8 40 J6 Fr SR JBC ) 2 8 S g A7
FEAS [a], i i g A M g B R A LU 3 ROy
2 IR R T T e AR R R A o 3 3 4
T LS4 eI A AR KBRS 7 R3O R
WEGHVE LA BB R L . AR SORF % IR 2018
AR 4 K iR B vl PR i R s e T AR R K
CRISPR A FH - AH I Ffr 968 5 9 114) 41 18 4K K 2 457]
LI
2.1 B [E4w4E At 40 A AR B

i e TR LAY A A B AR R A
AR AR miR-362 Sk AFEIN 4] Xpll. 23
AL HAEFLIE B R 2 Bl 20 MR S5 s R HE
WE MR T o PSRV miR-362 75
AE/INAH B Jie ot i 2 S AR B B b AR RTBILARD, LA
pre-miR-362 VE N5t a7 CRISPR-Cas9 R%:,
DNA 7 45 3R £ W] CRISPR-Cas9 R GiAE 5, 1
pre-miR-362 £ 53 (i FI%H 54 (T EREMEA T K
Jy 161bp FBRIE . 4 ATRIEXS AT REXT pre-miRNA
(1) Z AR 7 A 5], ST R ) miR-362 B AE

Y Lo A, e X 45 1 538 miR-362 £AM B H T
Vo WFFE LANE B Ry SR 88 26 044 K 5 H AR 3k A
{1 PX330-MIR362-sgRNA7 [ ki fl DONOR-362 Jfiki
AL YL 95-D 41 it , 38 13 41 B R 28 52 56 400 A5 i B
miR-362 % K AT 2 A /I 41 A it g 1 32 B8 A A= 28 o
WSS A CRISPR-Cas9 5 AR¥E miR-362 KR 15
it 982 40 RASS TR (9 1 AL , Sk Bl (09 97 B it —
ASHIRTTHE R
2.2 EEHEIREREER

FLIR I R & A A FUR b 21 280 S B R
BECNT LR B i 38 2 FL IR V6 7 b A AOR R E
TR Wa 451 g4 BECNL TSS Rl
3 4~ G(N19) NGG ¥ %1 ( B432, GTCCAACAA-
CAGCACCATGCAGG; B497, GGACACGAGTTTCAA
GATCCTGG;B525, GTCACCATCCAGGAACTCACAG
G)ME RIS TERE A7 5., L CRISPR-Cas9 [ 5 41545
¥ BECNI 3L R Ah 8 1 2 #F — BA P 2L 98 40 i Ak
(MDA-MB-231) 47 RkM . [RIAHF 2 B432 B497 Al
B525 sgRNA 18 8 5L, 43 LA 51 90 5% R B, 43
WEFT PCR #7384, 1) CRISPR-Cas9 M AJE - F7 %,
IR A0 kR BT-474 YR IR AR B 41 il 239T F1 293A
3 RRAMMORE 7 16 2 BECNT 3 R Bl i A o 22 15 0 41
PRI o 3 I A S 20 L 25 302 P 5K R Rk BECNT JE T
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() MDA-MB-231 ZH i 7E 1R 420 B 35 78 | 1 7% TE 7 AE
F1 b S5 E A RN AR b 2 R (P <0.05) , HIH:
VEFABILEE A 30 20 35 20 52 i) Bz 18] 78 5 5% A0 {5 53
I, AT F3 A MDA-MB-231 4 il 3% 58 5 12 22 D fig.
1E BECNI 3 [F # % BT-474 239T 293A fa i #ik
R R B, W AR AE G/ G, BT B %,
TIAEZANML 9] S BIAN G,/ M AN Lo BRI, WF5E
# Wu BYZE 5 Li fi38 " 10 7E 5 S Hela 40 bk
Bk BECNI (¥ 45 A Bz 5 Li 55 BF 90 45 S 3= W
BECNI % 5, KER 43 Hela 4 fifd £ 22 78 40 g J5] 9
G,/S #], Al BECNI 2L iR REEFIINE 22 s 1)
R CHE  R |, L 38 5K 2 B
Ji 5y 2455 TN USRS 2 o PRLIL, 76 R[] 40 i A
[ EFT BECNT JE IR ) Rl , 46 X8 4 6 J) 1537 A6 AN [
IsE . DL B RS HE 7R, CRISPR-Cas9 5 A HE [i)
ok v LR A DGR R I, Ty LRI R AL B
VREVIDIE Sict s % &S
2.3 EREmEBTEMAEELR

JT40 M ( hepatocellular carcinoma, HCC) J& H
R THE S 90 R PO 45 = R A BB T IR R il
RZHHCC Pz ok OO BT, L dE F R 74E
W GEiR T RIS TR T s K HCC A A7 33 U7 TH
WE A . BAT, FEIRIT MR iR T Bk
HCC A7 IRT Y HEBUS T — E M PE @, Liu 251
FI| ] CRISPR-Cas9 3 [H 4 4 48 +7 A 7 A 9
SMMC-7721 4fififs b #4747 5 Pl F-1a (hypoxia-
inducible factor 1-alpha, HIF-1o) /Mg T 1 F GRS, 45
IR, HIF-1o0 FE PR B 1 SMMC-7721 4 i 42
ZEPERE R 1 B R AIR, H L CoCl, HE48) fil 48 25 1
TRIHINA S TR, DL R R BIESE CRISPR-
Cas9 51 HIF-1 o 3R T BB & — i 236
7 9 ) B .
2.4 BER%HEEIIEMAMEDR

BT F SRR, @ ER B AE A 13T R B SN
Bl 5 000 J5 6, HE U 0 K R4 E Rk
7N 2 SR (‘human papillomavirus, HPV )
T HUE = B &K, HPVI6 & HPV e H A
By DNA £33 21 15 32 410 i e Gt i, 3 (i 45 1% 70
HPV Jj5 876 5 S8 R P LIS R . 4 HPV
S E6 1 E7 S AT LU A B e A G 0k
R EA R OIS X . Cheng 25
i1+ CRISPR-Cas9 Z %i 5 i HPV16 Bl E6 JL[A f
T1 5, ZEHUS B F BB e i LA SE B Ak B 6 %%
N, LA %% E6 3 7 T S8 SiHa 41 i H 5975 H

[ i 44 g HPV16 B {B i 8 5T KL, Cas9 57 KL, E6-
gRNA UKL IR FL o3 0 5% A 293TF 41 i, i & % 15
J&i , ¥ HPV16-E6gRNA-RFP (& £1 {4 %¢ )t 1y #5 i
HPV16 {5k - E6gRNA Jiikr) | Cas9-EGFP (& 4¢ (4,
PHH)-Cas9 ki) F plésheLL( HPV16 L1/12 %5#4
IR TR ) LA 75 9 AR 73 3 e A SiHa 4
M, 45 R B R, HPV16-E6gRNA-RFP ) mRNA Fl14&
FIRIK K2 , 4278 HPV16 B 7 58 B A i
% CRISPR-Cas9 JFi#i A Sz CRISPR-Cas9 £ 4t AJ #ETf
FENLEER E6 KR RYAE T 05T J5 0, 4 B A= A
SiHa 41 g b T 4R UK T, IF DL HPVI16 8% 5
A Cas9 + E6-gRNA JFi ki, Cas9 Jii $i . E6-gRNA
FORLE AN, 45 R LA HPV Dh B 754 5
f) CRISPR-Cas9 R GEAEM i N FL K AR5 E6 K&
PURIGYT B St 1 BA B &R,
2.5 EFEYRIERERRE MR

IR 5 & I ( pancreatic ductal adenocarcino-
mas, PDAC) J&— PGV RR BE R s i R 2 G4k
P2 B, 2 2030 AR R RO FEREAH SCAE T2 A0S —
JER2 LR 5 A8 M B R O- 354k ( O-glycosy-
lation ) B3 11 57 % 7E fK & PDAC 2167 551477 (1) 2
FRIEZ —, MR N-C B UG 3-F L5
# M 1 ( glycoprotein-N-acetylgalactosamine 3-beta-
galactosyltransferase 1, C1GALTL ) 11 &5 &5 K] 2% 1% ¥
F3 O-glycosylation [ 5 35" . [H Ity % 5 O-
glycosylation 5 PDAC [¥) & J& FIJF & i1 Py 76 HL 1,
Chugh 2" j# 33} CRISPR-Cas9 # i) C1GALTI #1145
BELRE 7, %R 87 21T SR, LA CIGALTL
o A e T A IR AR 4N M Bk (T3M4 A CDI8/
HPAF) il RSN 1050 UE 52, CLGALTT s
SEUCPDAC 11 % e M A% 1 B TR 2k f g e et
11, L CRISPR-Cas9 #4198 1t 5] 5 2 PDAC 4,
Fah5 e K g/ U5 10860 ) D PDAC B3R Y72
A2 R T I
2.6 ERE%ERRKREARER

FFOLR % 7434k 8 ( anaplastic carcinoma of the
thyroid , ATC) , SUFRA 3 A AR IR , 2 B HOIR R
JivRE v R A DLIE B BR 2R P R A R AR
PhfbRE > . BT, O B T 2 1 Y ATC
B HATBA A BIAIT 7 %7 . Huang %777 A
fiJa 4 M JZE | Cancer Cell Line Encyclopedia ( CCLE-
https ; // cancergenome. nih. gov/) | i1 H 1 036 i
vy B | I MR E 22 R 20 &1 1% [ Cancer Genome At-
las ( TCGA-https://cancergenome. nih. gov/) | H I
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4 8 215 iR DY, 220 1k L BUR B, R AR
T-5Z & (epidermal growth factor receptor, EGFR) 7 FH
AR v 2 3k 1 B 0 T A 2R B e e o PRt
ZH A CRISPR-Cas9 i [5] EGFR 4h i 1 9, ¥ 4 47
A% EGFR 1) sgRNA 1 5 7 5% Y JE IR IR0
SW579 AffIpk . 3 3k e PR A 5 =X, g 0L
A E#ik EGFR RE 1 1Y SW579 Zuffitk. LASERE &
il 245 i A BRIV A P T ) EGEFR (BT i 8%
JeAVE R BRTEZS Y, 5 HoX) EGFR Y SW579 21
MIAAAE LR, 25 R R W] EGFR [ ) SW579
Xof Bl JE TR 7 S R A, HLZ ik 58k 9 fd
CRISPR-Cas9 £ % % f5 1) EGFR sgRNA JG it #1 %%
I o Z%BFSE LA CRISPR-Cas9 3 [H 21 4 88 A, 45 EG-
FR B4 A ATC 41 gtk , 42 = 88 m) EGFR /)5
B 0] 25036 T U, I P REZS WV FR AL
2.7 ERFEHRIEHEFRMEHEER

i 28 MR e 98 04 B A A 5 2 i (myel -
odysplastic syndrome , MDS) | 21 14 #& £ [ IfL 775 ( acute
myeloid leukemia, AML) | ‘& %8 £ 4k b F & P 6 2 g
PG ™ o ASXLI f 3 H 2 15 24 1 4 0L ik 2%
P RN 98725 8 MDS  AML B 864F 454k
IR B L I Rk L ST, W
U R CRISPR-Cas9 S IR 21 S oA, 0 16 P
ASXLI 4h & T 5-10, ¥y @ ASXLI & [H %= 725 A
U937 4 ffl &, i of 5 B A= A U937 2 ffd #H L,
ASXLI 735 F) 248 a7 48 e A= < R 4t e 3 399 v 5 TC B
22 5 (HAEBRAZ AN/ B W40 M Ak rh 2R B B
B, Hor A FE LT 5 A R b-2458 HEF ¢ Al
BEREZIRRE 5 A A WA 56, UL B BFsE iR
/LA CRISPR-Cas9 A5t (19 2 22 7 1 ML 240 , ) oAy
I BH 35 1 I & A BV TE 2 AL B A —
IEES
2.8 HFH %48 T PR 18] & & ( malignant pleural
mesothelioma , MPM ) ZH fa & &Y

MPM J2&— Fofr e Y5 i JI5 ) B 200 i ) 42 22 4 e
LR AT S aMEME X, Tz B
Wik 2 Bia T, B il PR b e S MPM 9 8 %
%1 CRISPR-Cas9 7= 7[5 Bhyg 4 A i B4 th WA 58 5 52

AR R IR B o NF2 R
FESLIA, HoAE MPM A I 52 58 8 % 2 R B
Wahiduzzaman 8540 F| F] CRISPR-Cas9 2%t , 14
TR NF2 SN 8 (AN B2 41 i MeT-5A 24 it
BRL, 7E NF2 mBRaifs &, A I ke %
TGP 5 B A A (NF2-WT) 4 f kA Lb , A= 28 1 1
WIREER . H AR NF2-55 55 40 3 28 v T 4E 40 i A=
K _EEAT-52{4& 2 (fibroblast growth factor receptor2 ,
FGFR2) i INK , c-Jun 1L ¥ 503 240 i S5 v i 12 1k
KV 3 TR 05 100 A K P 1 3 0 RT B A 1 1
T NE2 FeIRMREAR . PR s NF2 R i 2K 7T R
AT FOFR2 kb , T TE N JIEE A i o fi
R R A R AR . UL EWF S R B,
CRISPR-Cas9 £ 4 ¥k 118 FGFR2 [t sgRNA 1] /E
SHIRYT NF2 A3 3 PR e 8 MPML (1) — AN 6 R 7
VE
2.9 ER%KERRNBEHEEEER

B PR A UL i e P R R, A
I S R o B R R M SR O A
FETARYTER i S PR kb R it i 35 Bk 45 22 25 4097
Z, P 2T 2R w7 . kR 44 (clus-
ter of differentiation 44 , CD44 ) J& %t K /& % W i iR
(hyaluronic acid , HA) fJZ /K ,iliid 5 HA 565255
B R R UE R Y . Zheng 7 i Ui 4R 56
B AR B 1 96 1 PR ZH L, X HoifE 4T CD44
FERRURIN , LIEAN B PR 2L CD44 -2 5k
JKF-o LA CRISPR-Cas9 ZR 505 5P Rl b B TR TR i 24
2t 7 (KHOSR2 A1 U-20SR2) ) CD44 i1 1,
M 5 AR R 25 A L, fiBR CD44 JEIA IS it
IBRINIT RS AR T M2 3 1 WE ], HLER %
BEP AT 4 v A6 97 25 iR T BUR M. Ok BLIE 5K
CRISPR-Cas9 S5 Rk CDA4 JL N (5, 7] i 36
B AR TR 24 B2 Pt — T BTG 7 SR

FI ] CRISPR-Cas9 $7 A 75 7 1) fi 955 ¥ | B0
Y SRR R A R e v R TR
AN A B . A SCH CRISPR-Cas9 7EA[A] i
TR A AR R A TS R 1,

Table 1. Research and Application of CRISPR-Cas9 in Different Tumor Cell Models

Tumor cell model

Application and research of CRISPR in tumor cells

Lung  cancer cell

Inserting a base between the 53th and 54th nucleotides of miR-362 down-regulates miR-362 expression. Invasion experiments

model preliminarily prove that miR-362 gene can promote the migration and invasion of non-small cell lung cancer.

Breast cancer cell

CRISPR-Cas9 targeted knockout of BECNI gene of MDA-MB-231 high-risk breast cancer cells. MDA-MB-231 cells have sig-

model nificantly lower cell proliferation and colony forming ability in vitro than wild-type cells.

(Table 1 continues on next page)
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( Continued from previous page)

Tumor cell model

Application and research of CRISPR in tumor cells

Liver  cancer cell

model

Cervical cancer cell
model

Pancreatic cancer cell

model
Thyroid cancer cell
model
Myeloid  tumor cell
model
Malignant Pleural

Mesothelioma Cell
Model

Osteosarcoma cell
model

CRISPR-Cas9 technology knocks out exon 1 of hypoxia inducible factor -la on human liver cancer SMMC-7721 cells. the
knocked-out SMMC-7721 cells have significantly reduced invasiveness and mobility, and CoCl 2 can increase the rate of in-
duced cell apoptosis under simulated hypoxia conditions.

The T1 site in HPV16 E6 gene was located by CRISPR-Cas9 system, and the replacement was designed on its promoter to
knock out E6 gene. The results show that CRISPR-Cas9 system mediated by HPV pseudotype virus has significant effect on
inhibiting human papillomavirus E6 gene and treating cervical cancer.

The promoter of CIGALTI tumor suppressor gene was targeted by CRISPR-Cas9 and knocked out to construct C1GALTI
knocked-out pancreatic ductal adenocarcinoma cell lines ( T3M4 and CD18/HPAF ). In vitro cell tests confirmed that
CIGALTI knockout will lead to increased gene expression of PDAC generation and transfer.

By using CRISPR-Cas9 genome editing, EGFR gene is inserted into ATC cell line to improve the sensitivity of targeted EGFR
small molecule targeted drug therapy and explain the mechanism of drug action.

By using CRISPR-Cas9 genome editing technology, the ASXLI gene mutant U937 cell line was constructed by targeting exon
5-10 of ASXLI oncogene. Compared with wild-type U937 cells, it shows obvious defects in monocyte/macrophage differentia-
tion. The mechanism of differentiation defects is related to the changes of cytochrome b-245@ chain and C-type lectin domain
family 5 member A.

By using CRISPR-Cas9 system, a MeT-5A cell model of human endothelial cells with NF2 exon 8 knocked out was construc-
ted. In NF2 knockout cell lines, their invasive activity is significantly lower than that of wild-type cell lines. In NF2- knock-
out cell lines, fibroblast growth up-regulating factor receptor 2 increases with increasing phosphorylation levels in JNK, ¢-Jun
and retinoblastoma. However, the increase of the above level can be decreased with the exogenous increase of NF2 expres-
sion.

Exon 1 of CD44 in osteosarcoma drug-resistant cell lines (KHOSR2 and U-20SR2) was specifically knocked out by CRISPR-
Cas9 system. Compared with non-knock-out drug-resistant strains, after knocking out CD44 gene, the migration and invasion
activity of drug-resistant strains are significantly inhibited, and knocking out the gene can improve the therapeutic sensitivity
of chemotherapy drugs.

3 R B

MEMM:AXHBA T 5 2R EHEE T ®
XA F o

CRISPR-Cas9 S 4 1 A9 18 N 1 B 480 3 4, i id

(RSN % =
RNA A5, 77 S SHEHL BRSNS £ 0 0 ) LEEm]
ﬁE . H ﬁﬁ s CRISPR-Cas9 & 7k Igf 7{ 1:@ @% *ﬁ Gt élﬂ [1] Sanchez-Rivera FJ. Applications of the CRISPR-Cas9 system in
ﬂ@f‘ﬁiﬂiﬂ‘lfﬁTgﬁi E/‘J ﬁiéﬂ—i‘ , EH*@%&”E%J@% cancer biology. Nat Rev Cancer, 2015,15 :387-395.
&E&%H*@%%mﬁ%%*ﬁ%ﬁ%ﬁﬁ%%ﬁ% T Q/‘\I_E [2] Jinek M, Chylinski K, Fonfara I,et al. A programmable dual-RNA-
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