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CRISPR-Cas9Ihge £ F iR ik AR
EREARPHINA

g wEZ MR IH BEXHT
(MR R 2 R SR RIS, MR T, AR 5 AR 3 2 1360, 43 200032)

WE HEALKRSRBILIE, stARMEEMRE RSB, SRR S A e
&, VABCB RIARR ST 06 97 BORA At — R &, AT AT AR R AF AR 6 KAEAF 1P A= —.,
CRISPR-Cas9% #& 2 B Jf it 3 AR HE T AT A F AR R, BBz HER, IR FLINT # % 5
L hbig Rk A KRty ¥e i B, b, BAh it 49 CRISPR-Cas9%h 4t 2k B 7 i A 48 & & 25 BR 2h L) A= 44
RALE T H e SR T e, 2530 & 409 A CRISPR-Cas9 18 & 3 b AL B 6 L AR 255 #F
FATIRIATF ) it oo R AR, X B B 50 KA B T AR A3 BT 8 69 B2 1R BT RET 69 B 06 7 7 .
SR s F4E S ; CRISPR-Cas9Th REH: (R ik FHR G YT

Application of CRISPR-Cas9 Functional Genetic Screens in Liver Cancer
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Abstract Liver cancer is the fourth leading cause of cancer-related death worldwide. Lack of effective
therapeutic targets and improvement for the efficacy of current therapies for advanced liver cancer are the key sci-
entific issues to be solved in liver cancer research. CRISPR-Cas9 (clustered regularly interspaced short palindromic

repeats-CRISPR-associated protein 9) functional genetic screens have contributed to the advancement of liver can-
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cer biology. Many novel target genes involved in tumorigenesis and cancer progression have been uncovered by

CRISPR-Cas9 screen technology. In addition, unbiased CRISPR-Cas9 functional genetic screens provide opportu-

nities for exploring drug resistance mechanisms and identifying potential new therapeutic targets. This review sys-

tematically describes progresses and breakthroughs in high-throughput CRISPR-Cas9 functional genetic screens,

which can help to deepen understanding of liver cancer and identify novel therapeutic strategies for liver cancer.

Keywords
therapy

JHF A2 7 B g N A R (R R . — . B
R EoR, FERTE R, i B R AR
BN, FETIRAL T UM, BRI AF R e H A 5T
AT 1RO, AR S A RBL, R
18%7c 470 AR 5 T AE ZH 2 T, 2030444 A
1002 /3 B FHBE T D 75 A B Ve o, i
2w J (hepatocellular carcinoma, HCC)HJ LL 51| 2] /5
90%, Jf H26 K Z HHCCHE H1 £ T B A BRI G
RS T I S8 A e 5 | S 2 R 2 e s R
X 2 —, BRAFEHTIE e 5 294077, st T )
2137, HE R BRI BE T 9 B et A Ay,
FOX — IR fe 32 E L RS O B R LA it
FRBIFRFHAI,

JH S5 IR T 7 R IR IR o . B8
BB HTHEE I IR 43 3 2 4t (Barcelona clinic liver cancer,
BCLO)MRAE B3 1) — BCRAS . BRRES . HDhaek
A A] L% B IR IT 710G F o S AN IR 4, A
FEBCLC 0(f 5-#). BCLC A(f-#1). BCLC B(*3#).
BCLC C(Mi}). BCLC D(ZAR ). Bk /507 i)
B AR AR 2 67 5B e 1) R ZE M, 1
WA B, SR RT3, &Sk i
& (transarterial chemoembolization, TACE) 1 £t 7] fik
T A4 2E (transarterial radioembolization, TARE)/& 15
BT TR T R, AHE S VIR
BT BURIIRTT, REUIRTT 2 LR A SR A )
ME—IE £, (EFE R M2, BT R R 12
W R B, T H — B T R, 1 KRG, AR
EE A7) ) 28 3 2 B 20 2 s e B . HOGE T B 8
B, IMEL I FRUIRGST, RGSHEERERZR
s 70%M

A, Ao Ji 78 5 DR SR A2 B 2 [n) YR 97 /2 e hE VA
JT I EF Bz —, Bl gt x) B A 2K W BRAF 5L A
RAFTF R W 25 4 52 3F Jé (Vemurafenib) FIA Fi2E B
(Dabrafenib)”, DL R X} fitifig EGFREE R TRAZ I 1)

liver cancer; hepatocellular carcinoma; CRISPR-Cas9 functional genetic screens; liver cancer

25 B & JE (Gefitinib) 251, SR 1M, HCCH 6t =
AR A 8T TR S R AR B R 22 B0 5 I =R
RGN 77 % 4z 3E JE (Sorafenib) Al 5k A% % JE (Lenva-
tinib) A2 i3k & WA FFR B8 2 (AR HEYR T 259, BLREH AL
DS B A AR, (I R R A A AF R B AT AH
BRUMI, G ko 25 A BH T V2 78 M RE VR T 3852 2l
I R, FEO T NIRIR—2RE 4R, DU TIR97
FgRE, LI PR AR 38 TR S AR B AN 9 10%~20% 114
¢ BT IMbravel SO 5 {2 7K, Atezolizamab(PD-L 141
7)) FliBevacizumab(IfILE A= B A0 1) 55 A IE A7 1 0 3
oG T R R B E U, (H AR N R BN
27.3%131,

BEARNATO R A T — @ BE N T/,
BT A VR 2 i) R A3 RIS ln, BANHCCRR
73545 40N L PR IAR, B0 58 I 1 10 325 v A 41 i R
S L PR B IR 1 B0 IS B 710, thAh, HCCARAE
I RE S, B 2 S @ T BUIE TN
TIXHCCH 1 5 UM i R A, (EAT S e — S S
ST RN R RN A, ER
2RO B, Bev] 32 38 TR T I B R
SNHIRIT AR 241, DR R 24 SR sh L 47 A A il
— B BN, Rl L LR R, B TRNATL
(RNA interference, RNA1)] Ty f 2 [K] i 1% ) & Bk
ThN IR R & R A 2 i #220), BJS, CRISPR-
Cas9FE ATE 3 PR G 45 AL R, T 7838 B T i
W EZ H AR TE D)y g 5 0 3% 75 T 3 222 A
BT 4K RNAIfHE, CRISPR-Cas9F AR H A K
e L ER O 285 R R A v 11 25 R g A R 5 2 LA
AL HAnZEAR O 2 N T g LB R 2
Yot R SR 5 AR SCK &R 4 1) 38 1) I CRISPR-
Cas9 Ly B 4 [l i 14k 452 A TE R 2 I kAR O Je A it
ML LA S TT R I6 7 3T AR 5 I 55 T T ELAS
HERE, [R5 e B9F 9 0 L300 ) 8 5 R R R R i 34
P DA AR
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1 CRISPR-Cas95if 8 I BE £ F ik 1%
IR
CRISPR-Cas9% A & — Fi 48 [[] DN A 2 K] 2
HHEOR, Z ARG E HADNAYIEIGE ) 1 CasotL IR
filg, AR 700 % 58 B8 7 21 () 1] $ RNA(guide RNAS,
gRNAs). CasOfif 5 gRNALS & IR & 5 F AL AT, 15
FDNAX % 7 Z4(double strand breaks, DSB), £ i
41w B A 2B —— 3 [R5 K I 3% 42 (nonho-
mologous end joining, NHEJ)&, [7] Jii E 2 (homology
directed repair, HR), T2 K 9wk 2122, X {di H
gRNAs X [ I}, CRISPR-Cas9 1] {F Jy I fit 5 [A] i ik
() TR, IR0 0 2 B e # H A B 2R P, DR
B g i 15 (loss of function screen)F1 1) GE 3 15 714 7
% (gain of function screen)& # Fi 3= L 1] & il &
6 77 V%, R T v ] DL sk 0 35 DR 1) R 1) 50 SR A
TR e A A R A R . AR D ek 2k AL
e, e i 5 2 ] v B PR A R R LA IR 55 2 R T
fig; 7E DN REIRAT AL o e vy, U 42w B R R IR DAL
FHN R H AT, 7 7 FCRISPR-Cas9 3 1] H
T Ihfeih R R 1% CRISPRAL:(CRISPR knockout,
CRISPRko) X /% F1 CRISPR -3 (CRISPR-based in-
terference, CRISPRi) X J%. CRISPRkof#i % ¢ JE #t
T CRISPR-Cas9 i B, it i 18 5 75 5% Gt 36 36 4L [v1) Ay
7€ F R [P gRNA ST, AT A6 28 it v 3t A gRNAsHI
CasOtZ IR I, T 8UFF & B m . Rt R gmiH s,
578 T 200 PR R FH R 0 0 R o TR SR Y, 1) a4 i A=
7 BT 255629, 4717 77 15 (negative screen) &
RERFE IR SR T, R B AR T ok, it
AR R s R e g RN ASTE 41 Y HP R 3 B R ARG B
E %R, Jkz, IE[A T i%(positive screen) & 7 K £ %
A BB T4 2 0 3G 2% A, Ak T S5 0l 7E e A7 B 48
i A R L gRN A & 227 2I(JE( 1) BFE R Cas9 R
H A DNARZIRREGIS I, 11 50E f5 1R & M Cas9 R H
(catalytically dead Cas9 mutant, dCas9) | TCAZEL N 1)
B s 1, (EATS IR B 45 A gRN AR L [X] 9 28 1) BE /0™
dCas9ii i filt & B B2 s R 1, 7R DR st ah A
J&i(transcription start sites, TSS) 1 5 #83& [K], ] an %%
SE ) Bl e S . CRISPRISCJE Il il dCas9, B2
FHBTRNA 2 5% ifg 5 5 4% s 4 i) DX k5 (1 dCas9-
KRAB), [fi] J5 3 #1455 21 0 5L DR 1) A s e db Ao v b, 3k
17 410 1) Bk P A% 5, 5 B0 AR KB, 5 CRISPRko
AT, CRISPRiSZ AT, A2 R HUK ATERIDNA

B M EE R TE A R B S B AR T, M TGk
AT R A 57 %8 B, CRISPRIA: A A& ik J7 7B, [
T IhRe R AT I A, DRERAT AL i 0k L 5e R A T
B RERLR . CRISPR¥ A (CRISPR gene activation,
CRISPRa) W 2 % dCas9 & A fil A 3 HoAth 8 (4
dCas9-VP64 1 o A 18 LA i 2 R 2R 78 7K
CRISPRaR St Nk FREHZMH R R E, 4
Fh S0 v B AR A SL R B 5 1) Rk O R 9 e AR AR,
DI RESRAT A 7 16t 0045 1 [ 7 126 R 470 [r) i e

CRISPR-Cas9ifiifk n] LA V& & SCJF (pooled
library) 5% 7€ il 3 % (arrayed library) K 17, TEA L
mh, FAN TSGR & SCECRISPRIf 6. BER |,
TR & 3 FE CRISPRIA 146 42 48 — 0 S 56 6 Yt 6 SC o v
05 T A B, [l o S B s v, R RS
YR R g — AN P, anbigE T DR R A
AR AL S A MR, 75 5 2% 1 SRR e 4 2R A
(BN 25 AL 3 SR 7%, DA AR E R AL AR H 5k
5 B 1), 20 M2 15 77 0% 108 5 (8 7R 1 9R3~8 1), it
AT AR P B 5 Sz 5 2 R0 %sF 1 4 400 i rH gRNAs )
B, AT B A Bk 2% () gRNAs, DA S 7 AH B 2
BT AE g FE R ) a3 — AN 60 1 SRk
AT CRISPRI i A& S48 Bl T (1) G B 2 A 2 — o AR 4R
CRISPRCFE Fir 5 (1) 2 R B i, m] KRB Ak A
ZH SR (X0 2520 00077 F5 PR1) FITHE i) ST (B0 HE—
FRIER, . R AL 5015, g b,
7306 SCRE BT AL (R BE AR 22, SIEae 4 SR L
I, A 8 DRI ZH 75 0 40 DA DR A2 — Mo i PR 975 6 77 V%,
BT DL ) H R R o R Y & OC B () BT A I A S
Rl SR, A5 2 DR 22 ) s iR o 7R 22 5 22 (R 40 i
BERAR SCEM Z . A TR — AR
g, AR RS, B> gRNAZ /DS
500N 4HHPY . By DA, FEREAT A A 7 128 Bl A QA i
IRy, TSl R E A A IR, X AT Re ok 2 4
FE DRI 2H i e 1) 223K

2 CRISPR-Cas9%j1 g & & i ik £ AR 72 AT
2RI PRI A

45 NI, REFEHERIHEHRIT TRE
BUNB—Z5W97 1%, BT, FDACHHEZ N2 H
TR B TR T R B, P AR R PR
J& (Sorafenib). %% Jé (Lenvatinib). FiIEJE
(Regorafenib). I~ 8 % J& (Cabozantinib). 75 5%/ B
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Plasmid library

Loss of function

VR
O O o CRISPRKo library
O C o CRISPRI library
O O Gain of function
o CRISPRa library
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ile
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7

Positive screen

Infected cell
population

—

e o egativepscreen
2 ¥ 9

Control

— _/
——

- Sequencing molecular barcodes
- Mapping barcodes to genes

CRISPR-Cas9 3 fit 3 [R] 7 126 . 45 Th A B i (loss of function) i e Fl LI GE 3RS 7 (gain of function)ffii. FIEH 2% 14 8 & 25 (B in Z5 W Jh 2T
15925 NCRISPRICJE 4 AT, 75 5 40 7= A e p 26 Y, e 3~8 JA U, P A MdE AT AR 52, B A S 4R o R ZHL 4 P gRNAs 15, A
T & S ik 2 (1 gRNAs, DA % il KE I8 8 0 (98 7 s BE IR o I [ 975 8 (possitive screen) it 3 Kk 22 4N B BT TR 5 07 6 25 1, 5 ff 52 1
B ATFE AU I Lo g RN AsHE 5 8. 47 A 67 %6 (negative screen) /e 4 fERF 2 AU PEEIE T, K22 BN MAAT I K, 388 3o 00 13 1 o 400w ol 2
gRNAsF JEREREE K.

CRISPR-Cas9 functional genetic screens include loss-of-function screens and gain-of-function screens. Cells transfected by CRISPR libraries are cul-

tured either under normal conditions or under specific conditions (for example, drug treatment) to generate specific phenotypes. After 3-8 weeks of cul-
ture, next-generation sequencing is used to compare the abundance of gRNAs (guide RNAs) between experimental conditions and control conditions,
and thereby identify the enriched or deleted gRNAs. These gRNAs need to be mapped to genes, which are then considered the candidate determinants
of corresponding phenotypes. In positive screen, most cells will die from the selection and genes corresponding to gRNAs enriched in the selected
population of cells may have key roles during this process. In negative screen, most cells will survive from the selection and those cells with depleted
gRNA are considered as hits in the screens.
[Ell CRISPR-Cas9IiREE R iR ARIZREE
Fig.1 Schematic diagram of CRISPR-Cas9 functional genetic screens

Pi(Ramucirumab). 44 i H Hi(Nivolumab) A1 YK 46 £
Pi(Pembrolizumab)& . & AATXF B9 36 97 () #
fil AN TR N, AE B 297 72 Rk i B I e AR 9 42
BEA BR AR IR SR 8, FF H 5 2597 VA AE /N 40 e
REAR A, WL ) 52 o I i R e A e AR
MR 24 RANPY . PRIt S0 TRV 9T 7 58 1) N AE PR T
25 B IR AR VRN 25 75 98 A2 i V6 97 T I 1Y) B K R A

Z o IR, BREIRIT TT Z NI 253X —
MR TN . 5247 iEM L, BeET
VEZR I B v A A A SR ) P A i 2 ) LR BT
B, FHe S8 E5 O WMEREIRIT T R [—&IBIT T
Z: AtezolizumabBk & Bevacizumab; — 2k V59T 77 K
Nivolumab & VL H47i (Ipilimumab) '), FEE I
7 I 25 AN R 9K, BRAITVE R AT Be Mt 7E
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B M(E2A).

VrAEk, WF9TE Az — R Sk 5 bk f T
TR AT VRIS A B 25 . i 42 2[RI ZH CRISPR
735, AFF 7T SR IR H I R it S B8 (phosphoglycerate
dehydrogenase, PHGDH) & Sorafenibilif 4 1] 5< £ 3% 5
&, te2 52 H KRG i (serine synthesis path-
way, SSP)f) 55— M. Sorafenibif it 175 S PHGDHZE
XSSP, PHGDH 2K AT 1 SSP, 8/>aKG. 2
RAIRFINADPHIHZE & . [AIRY, 7ESorafenibiG i H,
PHGDH ] % ¥ 2= 5 ZIROS /K~ Tt &1 JF 175 ‘FHCC4H
MV T . PHGDHAH]FINCT-503 5 SorafenibE 75 F

(A) Currently approved agents o @ o
First-line ( .5 oo
1. Sorafenib (SHARP) DAY
2. Lenvatinib (REFLECT) o

3. Atezolizumab plus
Bevacizumab (IMbrave150)

Second-line

1. Regorafenib (RESORCE)

: @
2. Cabozantinib (CELESTIAL) S b@ N
L®)
3. Ramucirumab (REACH-2) ®
Identifying

4. Nivolumab plus Ipilimumab
(Checkmate 040)
5. Pembrolizumab (KEYNOTE-240)

Finding novel
oncogenes
or TSGs
mediating
tumorigenesis

Application of
genetic screen
in the field of
liver cancer
research

Studying mechanisms operate
to drive drug resistance and finding
out optimal combination strategies

Infected
® Oe cell pool

treatment
(e.g., sorafenib)

potential targets for
combination therapy

HCCYH T 77 T B A W [FAEH, NCT-5035 HAFDA
{HE [) TKIs(Regorafenib 1 Lenvatinib) % & i F 1 2 A
FANHARLS e Ah, W5 ) 4 5 R ZHCRISPR SC
JE R B 8 4 4 25 19 1 (neurofibromin 1, NF1)F1 U
S BEFR 9(dual specificity phosphatase 9, DUSP9)
72 96 20 B S Lenvatinibiii} 24 (1) < B 7% 43 7. NF1
B2k 5 Tl 0% PISK/AKT Al MAPK/ERKAE Sl %,
DUSP9k 2% [F] £ 7] LLETEMAPK/ERKAE 5@ #%, F
FUFOXO3 K% T FEfift, fx 2 51 K Lenvatinibii 255,
T4k, 16 F BT I 4H SC PE (1) CRISPR-Cas9 L) R 2k
Kl i3 A, W70 & Bl Lenvatinib 5 % & 4 KR T 52

(B)
Approach 1
Directly investigating vulnerabilities
of HCC cell lines by using targeted
libraries towards druggable targets
(such as target or kinome library)

inome
| or target

| —

Identify gRNA
by deep sequencing

Approach 2

Utilizing synthetic lethal (SL)
to indirectly target undruggable
TSGs (such as TP53)

Viable Viable

Viable Lethal

Approach 3

Exploiting public resources to
explore the potential targets
based on panel of HCC cell lines

Dependency data from DepMap
HCC cell lines
Laldmuiidin
FRTRTATRTET

A: CRISPR-Cas9¥) e R 10450 AR T LA T2 T AE B 45 FH 24 5, LLBR i H AT PR HES T (K197 2. B: CRISPR-Cas9Dyfit 5k (K] i b 15 A
A BT SR T HE AT R TLELRE = Rh SR B A SRR A T A AR R T A OO i B ) 0 1 T P24 1 PR R e )
15 ) P T TP £ 0 2 1) A S 0 AR S0 IR Y7 RO TS ZERE . C: CRISPR-CasO T fit 4k Rl i e 5 AR A B T 8 2 Fobgt 2 A 1 Bk 8l R 7 (J5

a8k DR R L 46 IR ), AT 25 LR, S DL AT T AR VR T I B RDRTHE 2

A: CRISPR-Cas9 functional genetic screens can be used to find out the optimal combination strategies to improve the efficacy of currently approved

therapies for liver cancer. B: CRISPR-Cas9 functional genetic screens can help to identify novel therapeutic targets for liver cancer, including directly

investigating vulnerabilities using targeted libraries towards druggable targets, utilizing SL (synthetic lethal) to indirectly target undruggable tumor sup-

pressors, or exploiting public database to explore the potential targets based on panel of HCC cell lines. C: CRISPR-Cas9 functional genetic screens can

be utilized to identify liver cancer-associated driver genes (oncogenes or tumor initiation factors), elucidate mechanisms of drug resistance, and discover

potential therapeutic targets.

&2 CRISPR-Cas9Ififg

EHE R AR ERF R PR

Fig.2 Application of CRISPR-Cas9 functional genetic screens in liver cancer
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£ (epidermal growth factor receptor, EGFR)AJ f=4= 5
JRELHE RS . EGFRA ] 71| Gefitinib 5 LenvatinibJk
A5 FH R I HH 98K B0 R B B A . AL L
Lenvatinibffl ] 5 £ 4E 48 i 25 K X 1 52 4 (fibroblast
growth factor receptor, FGFR){5 5 fill EGFR-PAK2-
ERKS BB, TG 5 MRS F 255 3 Gefi-
tinibBHLIT . PRI (NCT04642547) 45 B 7R, EHxf
LenvatinibiG J7 JG s M 1) 12451 33t g BRHCC i 3, 8%
AITIE RN R IR R . MR ERA T, XY
TEGFREIE /K50 1 # g WIHCC B & 1 &,
& — MR T IE BIR T SR EE U0, R FH A n) e
ZH I{)CRISPRkO S FE, 73 P BB 7T 43 Jnll 4 7= CDK 12
(37537 77 THZS31 B MAPK 15 538 6 1) 411 il
7], Bk & Sorafenib ] 175 T i 40 L I T2 80 2, B
HREEZEWFEAERY, rRERT T —EBRER
CRISPR-Cas9fi it % 4t LA - $ 25 ) #E 5, 45 R 457
FDAZR It 254 3 25 i /R (Ifenprodil) A Sorafenib i &
{67 R 3 1, Britk 2 46, FEECA ALY
HIYR YT A Mg o, i85t CRISPRKo 7 12 i L i) ik i 22
Z RN A B (phosphoseryl-tRNA kinase, PSTK) 1]
A 0 JF- e 200 B AT R BB . ML B, PSTKER
9 FE B KIS S AL BF4(glutathione peroxidase 4,
GPX4) K1, WA 23 Bt H ik (glutathione, GSH)fR it
&, W AEALTT I35 SRS T -,

7E Tl e 3K A3 4L 0 ik J7 1H, >R HCRISPRaffi i
BR, RBLE:HET: 1 S Y (Erastin, SorafenibAlSul-
fasalazine) 1] LA % AMPK/SREBP 1155 5 38 4, 3 11
F 1) =7 % S L R #% #2 i 2(branched chain amino acid
transaminase 2, BCAT2)# 5. BCAT2 &N S
FETRAET ) GBI, T 40 M 9 B 'R AKCF, HAR
NI PN R S A7 2 28 0T xof JH R ke e 400 A O
PEH, MHIBCAT24 51 KERAET:. %W TR W,
Sorafenib 1 Sulfasalazine 7t Il BCAT23R 1A R K
BRAET 7 A W R 2808, BCAT24 1] LU ke Fitll
S AN ER R T8 VR IT I RO i 5T A
CRISPRafffi i & I 75 T 9 41 Ml HMTX 1 (metaxin 1)
J& — BT K Sorafenibiiy 25 i 12 5 1. 1 FIEMTX1
TEAA P A0 28] e B AT S 20 i X Sorafenib ) 5 B2 1% -
I PK I, 7£4% 5% Sorafenibia ¥ FTHCCH & 1, MTX1
HmRIE 5 BEHEA RTGE % VMK . MTXIEHCC
el ik B, Hi#E i CISD1(CDGSH iron sulfur
domain 1)/~F ) H &N 2 5 Sorafenibifif 2514,

ST 5 2, CRISPR-Cas93) fig 4t K] fifi ik $5 AR A
ACRT ARIE 58 b Jed 265 W ) i 25 LT, 3w DA e 9 2
BeA 2556 ms4a SRR H 2

3  FIFCRISPR-Cas9ThREE A fFik A
REFELAELRINGIRBELES

JFF 440 308 5 TE 22 A8 1 TR S T i, AR
o i BRI AS BB 38 A TR e 3 v 20 A L
RINEAE, 5 fa R N R M o ] 45 S 968 T Rl
(%) 3% 50y DR A ) PR 5=, 5 o) B X 4 5 R 7 JH e 1)
EHE AR R R v A, A2 Wt 5 I SO AL )
FHEI B2 — . TS ICRISPR-Cas9Th fi 2 K fifi
AT DAFE Bh 4 R 4% 0 0o R ) SRR B R (12B) . X
WAL 5O TrpS 3T R A Mycid Fk 1) /) B IG AT
A B AT A DR 20 9 48, A 9T K BUNFL . Plxnbl
Flre2AB9d 172 79 T B ) 7 A2 4 i IR 7 2 A, Nl
FOFIERASIE S IE S, GRNT SIS RASIE 5 6
PR/ R R AU 78 N8 41 i &, NF1
FIBE KA I AR DA AT Ui B ETHMGA27K V- 1) 38
¥ 5 e B A RIS A BN, X iR
TF R A7) B 06 D HMG A2 26 32 8 1) 75 VE 7 1 2 40
FEVRIT B AR A A

FFF 50 3 1) P 1) S8 £ (1) CRISPR-Cas 9 i 125 11
AW i i, R BLANHICDCT AT ik B 1 1% S TP53
SRAR R R A0 A 3 2 . FECDCTH 1) 771 Ak 35 11 241 fifg
W, mTORYE 53 % (1) 6 S Ui iss 88 e o BEL KT, [T
XFmTORHI I v B BRUBE . 75 57 P B2 A R 428 {4
/N SR AR AR Fp L BGIE T 23R T SRS B0 Rt . it
W FLAUE SE T “One-two punch” 73 A =i 16 97 3K B%
(T LE L AN AR, BP S F 28 — M2 ¥ s 5 e 40 g
W, M Ja S A28 % SEE 2 1 e A Y
AH ALl 3, 38 i CRISPRko i it J % & A WME B 22 4y
Mr, BF 72 € ATR-CHK 145 5 38 % 7] 15 Sy BT 9 1) 785
TEVRIT B o X K P DNAK il B8 5% 16 1T
JE AR, 0 ATR BLCHK 1 (1) 2632 7l B 26475 S 40
TZo 0F ATRECCHK 1 71 AN BU ) s 240 A, {56
CDC74 ) 77 v] 14 5 DNAK i1l B2, 32 1M 5 ATREL
CHK L] 7722 I H 2 2 B [0 A FH 0

Uk Ah, X AR DG L DR R R D I v AR R T
4855 . JEIL Mt DepMap(Cancer Dependency Map)
O FE B P (6254 J AE 41 MO Bk 1918 3334 ) I
CRISPR7i % %7 #%, PERKSONSZ 94 ) HCCLHE H:
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At FfTE 24 i B AR5 L B2 it I (lactate dehydrogenase,
LDH). AtbAITHE— 22 76 - 40 I bk SNU449 1 £ 25 0%
K4 i R PGM-898 1 3£ 47 CRISPRfi 126, IRk SE fH- i
I B ST LDH AR 8 14 o W L L T — A2 W
-6, BRI S 2R 58 PO SR P g
(DNP-enhanced "C magnetic resonance spectroscopic
imaging, DNP-MRSI) VP15 98 P4 P4 el 12 A X 49, Foti) 41
HILDH i (697 RURP.,

CRISPR-Cas9 b it 2k K fifi ie H3 AR A 7] FH - #F
FHCC, W n] N H T 5 WA E . B AT
JH AR A A O R ML R I TR A 2 AN 52 3%, DL
ik Z At 6V A ORI 2499, SBURIT T WA
HIF 5 38 1E B AR S 12 fld Bk Smad 4/ Peen £ TR 1R 71N B H
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