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[# ZE] & & 3T CRISPR/Cas9 5k Kl g 5 4 A S 44 4 A5 i 17 G BEE 0 R 5 1F T 90k E2L 400 B AF DG B 4 (cytotoxic T-lympho-
cyte-associated protein 4, CTLA4)3E R [ 5 RNA(small guide RNA,sgRNA). % ¢k : (1) Crispr W35 %t CTLA4 17 545 1] sgRNA
HEAT TN 9 1% 1 34> sgRNA (sgRNAT,sgRNA2.sgRNA3) , #4) i sgRNA 541 5 fr , K H 5% G4 293T 4 i, 48 h Jig 4 X & (K1 40
DNA , Fll ] T7TEN 1 4% 1% P4 L) Bl 07 208 37 1 0 v 1) sgRINA 591 5 (2) B 6 31 () sgRNA 5 41 BR A , 15143 F PCR 7 44
Hh4 i sgRNA [ DNA B B, iE— B IR SN SR S A, 36 3 sgRNA, FRI T Cas9 K% IR Bty 4 S M % S 44K sgRNA [R5
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[Abstract] Objective: To investigate the in vitro synthesis of sgRNA that specific editing CTLA4 (cytotoxic T-lym-
phocyte- associated protein 4) gene based on the principle of CRISPR/CAS9 gene editing technology. Methods:
Firstly, we predicted sgRNAs for CTLA4 locus by CRISPR website, and three sgRNAs (sgRNA1, sgRNA2,
sgRNA3) were designed. The recombinant sgRNA plasmids were constructed and transfected into 293T cells. After
48h, the genomic DNA of 293T cells was extracted, and the sgRNA sequence with high activity was screened with
T7ENT1 endonuclease. Subsequently, the screened sgRNA recombinant plasmid was selected as template to design
the premier and further amplify the sgRNA core fragment using PCR technology; and then it was transcribed into
sgRNA in vitro after optimizing the transcription conditions. Moreover, the cutting efficiency of purified sgRNA
was assessed in vitro by Cas9 nuclease. And finally the sgRNA and the transcribed Cas9 mRNA were electroporated
into CD3" T cell of the lung cancer patients to knockout the target gene. Results: The T7EN1 endonuclease experi-
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ment verified that the knockout rate of sgRNA2 was the maximum with an efficiency up to 66%; after optimization

of in vitro synthesis system, the activity and the yield of obtained CTLA4 sgRNA2 were high; it successfully cut the
target double- stranded DNA at the designed site, and Cas9 nuclease detected the cutting efficiency of CTLA4
sgRNA?2 reached 65%. Finally the CTLA4 gene can be effectively knocked out in CD3" T cell of the lung cancer pa-

tients, and the amount of C7TLA4 expression decreased from 46% to 22%, the T7E1 endonuclease experiment also

verified that the editing efficiency of sgRNA2 was 56%. Conclusion: A sgRNA with high editing efficiency target-

ing CTLA4 locus was obtained, which lays a foundation for further establish corresponding immunotherapy strategy

targeting CTLA4 gene.

[Key words] lung cancer; immune checkpoint; CTLA4; CRISPR/Cas9; sgRNA; in vitro transcription
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G A AT 15 4 F (immune checkpoint) 7E i 15 T 41

P e B S B rh R A T AR AT, Hrh ) AR
2 B 25 1 T bk B2 40 B AH SC B iR 4(cytotoxic T-lympho-
cyte- associated protein 4, CTLA4), CTLA4 X %
CD152, @ T 2 5 e iR K 33 77 (2933) , & —Fl
FAEE A DT, B RN T A MR &L,
CTLA-4 /Ny —F St 707, 36 4L 5 Be W% 4] T 41
M LhEE . fEMR B b, AR PUABE B CTLA4 (5 5
I 5, BEWS 1Y SR ORI 4 S T 40 D e L e B4 Pt
iR G B NL A S R YT RCR . AR T, CTLA4 Bt FH
Wria oy 7 e s AL AR IR R R A I, S BUM E R R
JS2 o PRITH 5 1) P ik AT 2 7 925 L 1) 400 1) e o i e
it T 40 CTLA4 7314 et 12 v IR Ve 7 (1
AR 24

CRISPR/Cas9 (CRISPR-associated 9) & — ' FH 1]
5 RNA (guide RNA, gRNA) , X Fx A /) [A] 5 RNA
(small guide RNA, sgRNA) , 1§ T Cas #% IR i 9 X} %
[F1) ik PR PR A7 € DNA BRI HCAR , Hesebr Bt & —
et 35 AT 20 2% 5 T LU AR 3k 8 00 < 8 T A H
it AE A A 1) H AR = R >9. CRISPR/Cas9 J [K] 4 H
AR H 2013 G 57 Jm w1 R, F 45 S Al A
PO W 9 i DR 2 22 0F 7T 45 3R 43 1 B8 9 U5 (ARG
W T TR . 52008 A B R B (zine
finger nuclease, ZFN) FlH% 5% 0% A -1 FE 880N 8
2 M (transcription activator- like effector nuclease,
TALEN) %5 3 AR AH FUEL, 3R BA B4R ] L 20
o AR AL 5 5

UL 4FOK , CRISPR/Cas9 % 4t B Hi B, 75 T 41 i
Hh (1 3 AL 1) e 4 A T RTRE S ELR BT R TR # T
L R CTLA4 =R G AR R ARAE A R B D o AT FE AR
HI CRISPR/Cas9 2 4t , 1£ 1A A1 £ il 5E [7] 4 4 CTLA4
FEA 1) sgRNA , F HAE R AR T 48 M mie B iz 2 5, Oy
BE— DT TN CTLA4 X T 40 G 5 B4 B2 1) B9 5
fitti .
1 MR5EZE

1.1 3t
111 gafadk . ok B £ R ANIRE 293T 41
T A R B AT B AT . R4 I . DMEM & B 5
FRILE H GIBCO A ) , PX458 4 14 (#48138) I [ 35
Addgene A 7], T7-Cas9 AR 5 _F i 35 ) 2554
RA PR A BRI P DIEE BbsT B P VIS Notl
T7 ¥ N ) 1 (TTEN1) . Cas9 #% R . HiScribe T7
ARCA mRNA Kit 3J 14 H NEB A & , Jii F 3 Bk 57
R 41 DNA $2EUR 7 & B A KW FRARAE AL
B (AL E)H R A &, DNA 266K 7] £ . T4 DNA Li-
gase.TagDNA % & i \DHSa #5241l . pMD™19-T
Vector Jx ¥ 3% 3\ 7] £ ¥ ) H TaKaRa A &) , Lipo-
fectamine 3000 #% 41X 7] .pfu DNA % 4 .CD3 7 &
R & CD3 H 1. CD28 #4145 H Thermo Fisher
N T T A1 5k ) S0 0 1 R o v M B AR P R
IR A, sgRNA Al A 355 50 B B IR A+
RA RN, By 87 7R EE(25: 24 DIRA TR H
JE R B ERE AR A A, kB0 208 5 R
B AR A F, AN TL-2 T E A U 24
M BR A ] , B L Gl 71 W H Lonza /2 ] o
1.1.2 ¥ {r & sgRNA 8 1% i+ 1 H 7F 2k 1T B (http://
crispr.mit.edu/) ¥ T #E 1] N\ CTLA4 ) sgRNA. % i
sgRNA [¥] DNA J7 41 i1 _bifg 2 T A5 P :0 6 il (o
HFHINE Do
1.2 CTLA4-sgRNA & 28 Jfi #5049 #5313

BB T IF (1) sgRNA R 5190 (3 1)3IB KT 1k
REE (10 pl J2 S AE Z: 10 pmol/L ) £ R i 51 41 % 1
ul+8 pl 2 BT /K IR A1 Ja TN BRI (7K, ek /K B
SRS ENZEER). F Bbs T BF£R 1L pX458 JFi ki I8
FH DNA 44k 5 &0k B 1= Py gk A7 4lid . FIFH T4
TERERER IR KU ) sgRNA R il 5| Wk AT % 2
CEFAR RAHE 1 pliB K79 50 ng 34k 26 1440 7=
)1 pl T4 Ligation buffer. 1 pl T4 DNA &8, Fl 'K
BKAN 7R 10 pl), 16 CHFE LK . #1k DHSo 2
A KRR G, PR R 5 LB IR 5
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NG BIREIPTAERK 1.5 ml 5 2 ml {50,
250 r/min /K- REIREE TG E M 2~3 he TELJEHLL
wl B8 ¥ H PX458checkF _F-JiE 51 9 CRE4H 7 41 L3R 1) %
% sgRNA [ N5 Y0347 B PCR %558 o X PR 52
AT 37 CRERIS Y KB F7 FF 8 o izt 7
Wy B A TAY) TREARA R 8. M EH
H # Ak 4> Gl fy % A CTLA4- sgRNA1. CTLA4-
sgRNA2.CTLA4-sgRNA3.

1 sgRNA 5 R EMS 4551
Tab. 1 Sequences of sgRNA oligos and other primers

Primer name Sequences(57-3")

CTLA4sgRNAIF CACCGCCGGGTGACAGTGCTTCGGC
CTLA4sgRNAIR AAACGCCGAAGCACTGTCACCCGGC
CTLA4sgRNA2F CACCGTGCGGCAACCTACATGATG
CTLA4sgRNA2R AAACCATCATGTAGGTTGCCGCAC
CTLA4sgRNA3F CACCGTACCCACCGCCATACTACC
CTLA4sgRNA3R AAACGGTAGTATGGCGGTGGGTAC
pX458checkF CCATGATTCCTTCATATTTGC
CTLA4check1F CGTGGGGATGAAGCTAGAAGG

CTLA4checklR ~ GTTAGCACTCCAGAGCGAGAG
CTLAA4g2vitroF TAATACGACTCACTATAGGGTGCGGC

AACCTACATGATGGTTTTAGAGCTAG
AAATAGC
CTLA4g2vitroR  AAAAGCACCGACTCGGTGCC

1.3 293T M3 F A= CTLA4-sgRNA F 28 2 AR 4 ¢

293T 4B 1% 77 461 - &5 10% M 2F 1fL 3 () DMEM
R g4, 5%C0,.37 CIEIRIE MR TR . Kb T X 5L
WHAE K ) A BB P T 24 FLAR , B 2 DAL i 41 i
TEA BEIR B 90% N EL, 175 77 24 h J5 ¥/ B 1 1 3 A4
CTLA4-sgRNA i 2H #4473 ) 55 G« N 293T 40 . Jiit
i FH B R0 A e Ty 92 4% 18 1ip3000 1 B Btk 47 . i T
pX458 itk b5 EGFP FRA% , LM% 4tk H 1) 48 i
(0 JSURLAE 2 B N SR BRI B SR (0. 4%
BROLERARIEER IR T PR IR .
1.4 8%k sE a9 4 M)

Y48 h T, B & AL A0 B A AL B, S IR £h 2%
MRET 3 U, HREXFE K 4H DNA , 3[R 41 DNA 2 5U5
EAE IR UL AT . A8 A B 514 CTLA4check1F
1R % 51 ) CTLA4check IR CVE4H 7 41 UL 26 1) PA K¢
Taq DNA & B0 Hgh A7 4738 , I8 H DNA 4fifk ik
FEL X PCR = HEAT 44k o B 4lifk 72 ) %5 B 200 ng
HEAT AR PE IR K AEFE (95 °C 5 min, 95 C % 85 C %
2 C/s B FEFE FPRRIR 42 85 °C,85 C 425 'CH40.1 C/s
B R PP B IR 25 25 °C), SR )5 1 I T7ENT B V) 15
min, H FH 2% I 55 5 0 6 Jie B Uk Ks I . # CRISPR/

Cas9 X 8 s Bk T 2878 , FH T7TEN1 BEDI AL B, B g b
B HL K 45 4 L BLBR PCR P97 2 A 46317 5 9
H.8 1 photoshop FR A 1#EAT K FE 43 At Al A — 3P LU
% sgRNA BT
1.5 TA L% % 52 8% A 7] AR AR S 45 5 i 89 sgRNA
57

T8 1.5 7771453 2 1) PCR 2li4L 7= (Taq B9 14,
PEYEE N A AL FE) 5 pMD™19-T Vector 4 % [ JEE
IREE S 1T IERE . X TR HM e sk IR sgRNA, A H]
S SR £ 75 21 cDNA, 7 B cDNA R AR , 4
&AL 5 5] W) CTLA4vitroF Al CTLA4vitroR (V£ 41 JF
HI W3 1) LA J Taq BT HgbAT 438 , PCR 7= 4li4,
Je R FE LB R EE 501 5 pMD ™ 19-T Vector 33 17 i&
oo EIRIEFYEEAL DHSo RS2 25, BhECE 77 B
M13 38 ] 51033047 B PCR %5 58 o X PH M v B gk AT
37 CHR R RS TR I fl 4 BURLIE I e, I B g
AT AR TR PR A 7] 58 e
1.6 #RI4% F sgRNA A HLI8E
1.6.1 fk 4} # 3 sgRNA  {# i} CTLA4vitroF, CT-
LA4vitroR 514, DL &2 4 1) CTLA4-sgRNA H 2H %],
A R N B, 1) B pfu DNA 2% & B 3k 17 PCR ¥
. RCR XM AE 2 N5 DNA 200 ng, = R iF514
%2 ul, pfu 22 WS ul, pfu DNA % A0 1 ul, INTP
Mix 5 ul, ddH,O #M 78 % 50 ul. PCR P=44lifk ) B 75
FI| sgRNA A AN 55 SR, R FH T7 4 4 i 5 il
A3 3 sgRNA . B RN 10x [ B MR 2 pl
ATP 2 ul.GTP 2 ul.UTP 2 pl.CTP 2 ul.T7 RNA K&
il VR A VR 2 pl AR DNA 500 ng, £ R EE Kb 2 &
20 ul,37 CHFE LW s 2R 5 M A DNase I 1 ul,37 C
5 15 min. FFH sgRNA 44k k75 & 4l Ab 5 515 5
) sgRNA, ¥ SO & i I B . e FH B2
B 7KV sgRNA - I IR B2 412 )5 — 80 'C AR AT
1.6.2  F| Al Cas9 1% B. B (K 4} 10 %5 5 1 B9 sgRNA
W DAL Yo AT AT R A 293T 4 fitd 5 [X 24l DNA
KRR, BL S CTLA4check1F A1 CTLA4check 1R i 4
ERUEGIY B8E AR R e BRI a4k . AR
AN SRS B[] sgRNA 5 Cas9 B FREEAE =I5 10
min, XM & & : 10 x Cas9 buffer 2 pl, # 3% 75 %1 1)
sgRNA (2 pmol/L) 2 pl, Cas9 #Z R B (1 pmol/L) 2 pl,
LI E R EEREEK. ERERFS G, AR
Weatifb 1 F B 0.2 pmol, 37 ‘CH¥ & 30 min, 2 5 A I
BARRF A WD N T pl FEAEEK, 37 'C M 15
min, B 5255 T R /NI FH I FE 43 1 A1 e D) 1)
1.7 #RIM4% % Cas9 mRNA

Cas9 FIK JFURL: T7-Cas9 Ak , & Not 1 BV 4 1%
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1k, , g ) S B AR Z UK < 10xbuffer 3 pl, T7-Cas9 Jii i
2 ug,Not I #ZR N VI 2 ul, ddH.O #h 2 230 pl. i
VI3 h/G, &M &7 G (25124 D ih$ 4l , i
JEVET AL IREE K« B g GEAL =M1 N Ak i 57
B, 1 I NEB /A ] ] HiScribe T7 ARCA mRNA Kit
PR AN 3R 15 Cas9 mRNA. Bk 72 7 & ik
B EAT o B fa e s = AR R B AR R Y LiCl, U
TEZEAL Cas9 mRNA , I F ToA% PR B /K Wi, - —80°C
RAEEH .

1.8 MijE %% CD3' T @ity o %

i £ 25 470 ] . p 68 N O 2 2 — B i 2= B i 4k
BHEME, 2R GEAGEEZ: ottt . Y8 10 ml B34
JEL L, FH Ik B 40 PR 8 0 4 5 A S i B A A% 4 P
(PBMC) . 1 il 2% [H Life Technology /2 & CD3 73 &5
Rtk i CD3 TYHAE. alifk 5 iddi Bk S
B 5347
1.9 CD3' T 4@ it . 45 CTLA4sgRNA2 5 % =&

1.9.1 CD3' T 4 fg d. 2 ft  # 1x10°41~/ml CD3" T 4
48 T 24 FLAR 1, 1640 55 77 FE 10 10% K3 175 =
40 A, N TL-2 (100 U/ul). CD3 HH1(5 pg/ml).CD28
HPL(2 pg/ml), Br 77 5 d 5 RGR A, B0 F BiE ),
R 110N 5 100 pl HLEE 22 v i b, N 5 g
M HEE Fe 3543 1) CTLA4 sgRNA2 LA K 5 pg 74 o0 55
133 1) Cas9 mRNA K FIR & 5 B B M, i
F Lonza 4D 20 ffli% % GG A7 M i , UG SE ¥E I 4%
UL FE N 37 °C TR I 2 10% K35 IfL7E ) 1640
BRIt B T 5%C0,.37 CIEIRE FR AR 7% .

1.9.2 s 40 B GUR N CD3* T 40 A % & CTLA4 8y
Rk Y48 hE, WAL, IO N AR i BT A
CD3.CTLA4 Hiifk , 4 °C &6 44 30 min, It 24 A
Kl CD3" T 4122 1il CTLA4 3535

2 &% B

2.1 I Y6 CTLA4 K B 694 5+ sgRNA Fi £

B SoF AN [ AS7 151 T sgRINAL %o 41 5 K] 2 86205 % ) %
Wi AE R o DA T O ade B B AT B i ) R A AR R
MR HAEL TR T 3 %8818 N\ CTLA4 Yft 5 K]
ANEALE I sgRNA. SRG , & B2 BV A7 it 1) 4 i
DNA (FEZH P 5 W3 1D, IR 4 5 DNA 4 N 4 1
AL PXAS8 JTRIH o RS 4 A a5 A5 S I B
1. BV PCR 5745 R WK 2, BoR4E N7 51K/
S P B 475 A T 5 AIE B sgRNA 33 Ji H #4) 28
BRI
2.2 sgRNA AN 69 3K R 4 4 20 5 09 rb i

N T AN [F] sgRNA 3 516k 35 DK G 5 (14 5210
W 15 3L K GFP I sgRNA 335 JFUki 5 % N 293T

YA . 80% LA 1) 293T 41 g ¥ % ik GFP,iE Wl %%
PR I (B 3A) o B Y J5 48 h, A [A] sgRNA 4 T 1
CTLA-4 9w 85 3R 57 31N 38%166%-55% (K 3B) . H
H, sgRNA2 JE M d &, /3 1) DNA 5 241 2 F 15 3
66%-

CACCNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNCAAA
20 bp

BbsI (245 bp)
~Bbsl (267 bpy

€7 Chicken B-actin promote
AmpR

pX458
9289 bp

E1 #0[E CTLA4 EHRNARNEE
Fig. 1 Establishment of recombinant plasmid
targeting CTLA4 gene

bp M123456

AR YR
I J“U\I\JH‘[ Il I J“L T
(i T
sgRNA2 ) /\Wm |
L

sgRNAL |

1
3 3
|

sgRNA3 ||| il

A
A:1dentification of recombinant plasmids by colony PCR;
M: Marker; 1,2: CTLA4-sgRNAT; 3, 4: CTLA4-sgRNA2;
5,6: CTLA4-sgRNA3; B: Confirmation of
recombinant plasmids by gene-sequencing
B2 ELRNEZNPCRANFEELER
Fig. 2 Results of Colony PCR and sequencing

checoe
I

c
:
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indentification of the established recombinant plasmids

2.3 sgRNAAF R B %44 CTLA B L ZH 2 E R R

T7ENT 45 L B S2 560 % 8 T sgRNA2 135 P i
i JETT 6T sgRNA2 A1 5 JE R g B R AT b %
it sgRNA2 [ FURLFE Yk 293 T 41 , 48 h 5 i 2070 ik
GFP BHEZHM . 43 18 5 40 B 40 R 0k 31 98% (&1 4A) o
FLEURE R 41 DNA, PCR ¥ 18 CTLA4 L7514 1477
Wi AT TA e B Jo , BEALPREL 15 A B g 75 347 )7
P85 R EoR, 12 DBV T CTLA-4 FP 5 R AR AR
(K 4B) , RACRIEF] T 80% , Ui ] sgRNA2 GESH
Rt H R R RIA
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A PR AL 5 sgRNA 5111301771 B 5A & BUE

) (4] 0% . 38% 66% 55%
(editing efticiency)

A: The GFP fluorescence was observated of each recombinant
plasmid(x10). 1,2,3.,4: the empty pX458 plasmid, CTLA4-
sgRNA1, CTLA4-sgRNA2, CTLA4-sgRNA3. B: T7EN1

mismatch enzyme assay was used to detect the efficiency of
each recombinant plasmid. 1,2,3,4: the empty pX458 plasmid,
CTLA4-sgRNA1, CTLA4-sgRNA2, CTLA4-sgRNA3
3 sgRNA TS CTLA4 EERBHERLR
Fig. 3 Comparison of different sgRNA mediated
CTLA4 gene editing efficiency

2.4 RSN T sgRNA 5] 435 +1 A B sgRNA #R 5h 4 5%,
54k

FET7 R8T 51 sgRNA S5 51 Al sgRNA £ 5F Ff
FFL GG 53 B 1 1) 51 4, DA 5 pX458 [T kLT 5]
HANB R 514, AE AR A% 5 sgRNA B bR i 51
Y. EW5I45 pX458-sgRNA 40 it B HR H.4b 40
AN, RS SR e A BN, AR T
3% 51 ) CTLA4g2vitroF LA & R Jif 51 ) CTLA4vit-
roRCFEZH 751 LK 1D,

AU 0] R A0 B S B S AT BRAL B 5B
H2ANVKEARK 3T CHe 2 h, 3 1 ANMkiERFE 37 C
sk 4 h, 25 R BIR 45 B 1) sgRNA TE AN [F F2
RERFEAE T e ey, IF H 4l 5 15 2 1) sgRNA
FERE AR UG, 20 S AT10 pg. T B SC ¥ R
A IEKF) 10 h 72 47, Z AT R4 A9 30 7 56 AT b, o
HAR1F ) sgRNA 44k J5 BBk 3 1 65 pg. 519k,
T 7B A A 57 3 B b RNA [ SR e £ 3T e )
S S B HLUK AR i 4 PG SR /N, BT AR B FEL VK &S
Bk — PR T AR AN A3 B sgRNA 26741 KNS
T — 3%

A 293 TIDH1-GPF B 80% (12/15) mutated
2504
2004 caggtgactgaagtctgtgcggcaacctac-atgatge o vaatgagttgacct WT
<
o 1504 caggtgactgaagtctgtgeggcaacctac---atg---o o caatgagttgacct -3 bp
2 98%
“ 1004 = caggtgactgaagtctgtgcggcaacct-----atg---o o caatgagttgacct -5 bp
50 caggtgactgaagtctgtgcggcaacctaca--atg---o o vaatgagttgacct  +1 bp, -3 bp
0 il caggtgactgaagtctgtgcggcaacctacatgatg---o o caatgagttgacct  +3 bp, -3 bp

109 107 10° 10* 10°
FITC-A

A: The GFP positive cells were sorted by flow cytometry; B: The sgRNA2 mediated gene editing type was analyzed by TA cloning

assay. The PAM sequences are underlined and highlighted in green; the targeting sequences in red; the mutations in blue.
El4 sgRNA2 T SHERHRELB ST
Fig. 4 Analysis of the sgRNA mediated gene editing type

2.5 WRSh 4 F 13 5] 69 sgRNA M 5 E 4 H LA RATF 69
Rz P2

WA A 55 55 45 31 [F) CTLA4 sgRNA2 2 55 5% %,
cDNA, F TA v [ %558 , I 45 S R 7R 7 41 5 T —
o 13— P H Cas9 % B2 1 30 Uik H 4% 5% tH 1) CTLA4
sgRNA2 VP, B Uk BA KK FEE 3 A 3453 it 300 1)
RN 65% , Ut B K 4h A ) CTLA4 sgRNA2 B f5
B PR, TR ITERE AL Y)JF T DNA XUk
2.6 CTLA4 sgRNA2 5 Cas9 mRNA #¢ 4% UK 7% &
# CD3'T tafitLt) CTLA4 £ A

N7k — P R E K A ) CTLA4 sgRNA2
TEYE W Cas9 3218 0 kL 26 1% 1k J5 H T7 RNA & &
il A4 A0 3 4 B Cas9 mRNA (B 7A) , B 5 ¥ H 5
CTLA4 sgRNA2VRA J » AT 5 1 CD3'T

YA, 5577 48 h i, LR U 40 B 22 T CTLAA4 [ 3%
E(ETIB) . HE— D3R ECD3 T 41 g 2 [K 41 DNA,
T7EN1 B U AL 38 JF PCR 4738 , SR J5 AT 35015 45 1
HLIK BT HLEk S B (B 70) 7R, CTLA4 sgRNA2
WM FRIED T 56%. 45 B4R, ] CTLA4
sgRNA2 Fl Cas9 mRNA B Y i A T Ji AR T 28 Fa 11
CTLA4 %A .

31 it

O AL 3 B A A ) B2 AR R (E S I B
EATRE A T 4 s AL AN G 5, 78 2 B A7
YT R EEAE R o RN, 78 iR 4 2]
HE B Joh J8 1 D T i A e b i . R FPMESE TS 70 1-1
(programmed death-1,PD-1) « 2 Jfd B 14 T bk B2 241 i 4
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F PR 4 (cytotoxic T lymphocyte associated antigen-4,
CTLA4) T 20 S BE R 8 1 BOKl B A 5 #3800 1 -3
(T cell immunoglobulin and mucin-containing protein-
3,Tim-3) « bk B2 40 g 7% 6 2 A -3 (lymphocyte activa-
tion gene 3,LAG-3) 557> T3 & TR & s /01 E/M
T8 G BENR T H, A X e S A AT A H ET A N
RAHT AT 7 e — o I ) T A
5 Sk 8 5 T SR SR SO 5 AT AR IR R R R e
FEAN] IS BETT R ) H

A 17 promoter the target sequence  sgRNA conserved sequence

forward | TAKTACGAC| 0 GTTTTAGAGC
primer  [TCACTATA TAGAAATAGC

PX458-sgRNA | NNNNNNNNNN[GTTTTAGAGC | AAGTTAAMATAAGGCTAGTCC [GGCACCGAGT
[NNNNNNNNNN| TAGAAATAGC| GTTATCAACTTGAAAAAGT |CGGTGCTTT
[TTTT1

[AMMAGCACCG | reverse

5 c =

123 M 45

A: The diagram of the method for designing the primer. B: Gel

electrophoresis assay for the obtained CTLA4 sgRNA?2 in vitro,

1 and 2 respectively indicate that the transcription template was
transcribed for 4 h and for 2 h; 3: the transcription template;

M: Marker. C: Gel electrophoresis map of optimized

transcription conditions. 1,2: the transcription template was

transcribed for 10 h; 3: positive control; M: Marker, the bands

are 1 000 bp, 700 bp, 500 bp, 400 bp, 300 bp, 200 bp, 100 bp,

from top to bottom; 4,5: the transcription template

5 {K5ME S sgRNA 5|H1i% 11 LA K sgRNA (R 9h& B S5 1L

Fig. 5 Design of the primer for in vitro transcription of

sgRNA and in vitro synthesis and optimization of sgRNA

A B
Y LTY ‘ |‘ A ﬂ)
S lw"’nf{ 'H,t,‘m ] 1000—|

l
GAT‘I'I'AATACGACTCACTATAG GG 700—

M’ Iyl i

I, WHI\ ﬂ‘ \
TGCGGCAACCTACATGATGGT‘IT

"\ ’ 300—|

200—

] ‘ 100—]

TAGAGCT‘AGAAATAGCAAGTI’AA

65% 0%
(editing efficiency)

A: The CTLA4 sgRNA2 was reversely transcribed into CDNA,
the sequencing results after TA cloning assay; B: The activity of
CTLA4 sgRNA2 was verified by Cas9 nuclease, 1: Treated; 2:
Untreated
E6 RS2 sgRNA BFIMIF £ E AR EMEE
Fig. 6 Sequence and activity identification

of in vitro transcribed sgRNA

A C

bp M 1 2 3 45
4 000—=

2000
500—
250—!

0% 56%

Control CTLA4 sgRNA2+Cas9 mRNA

CTL4

CD3
A: The Cas9 mRNA was synthesized by in vitro transcription.
M: Marker; 1: Transcription template; 2,3: Transcripts(100 ng);
4,5: Transcripts(200 ng). B: Flow cytometry was used to detect
the knockdown effect of CTLA4 in CD3'T cells. C: CTLA4
deletion efficiency in CD3'T cells was detected by T7TEN1
mismatch enzyme
[#7 FIF CTLA4 sgRNA2 1 Cas9 mRNA Fjif&
fiiE B8 CD3'T 4AEHY) CTLA4E R
Fig. 7 CTLA4 gene in CD3" T cells of lung cancer patients
was knocked out using CTLA4 sgRNA2 and Cas9 mRNA

CTLA4 1 % Ff B GV 2 5 1 i g v 8 2L AT B 22
ER B e e R T ae 2 0] T 40 s . % F
CTLA4 & unfaf #il| T 4 P s AL, H 516 1R 2 i RE
(DCTLA-41E N —F3 iy 7, 5 CD28 7p 1 & J¥
[FYR , S Gr P 5 BT 4F 45 & AL 1 HI (55, B
W CD28 73 % TAM ML /E A, T s # &b T
4 f g ALY (2D CTLA4 e f il IL-2 1 7= A= , {4
Ji J& 4 i 7E GO/G B, AN 1) S B R &, 3k i 0 T
YT L™; (3)CTLA4 REWS R A T 41 i 43 ¥4 TGF-B
TL- 10 5 40 f 5 7, 390 1 CDS* 4 fitd 75 P T 410 i 11 1k
R 3R AE T 40 B B 28 3k F rpke ot i 5 1 5 (4)
T 40 i v 32 3 75 CTLAA 48 B A S 28 410 1) 4 iR
Treg( 1514 TUIAY), Treg 75 L@ it CTLA4 174 T
fEM,

TEARZ W i 5 i 7 T, CTLA-4 12 H i
T FE A R, IF B O AH G 25 P T % I A B 28 #0 i
57§, 40, ipilimumab &2 55 — AN 3R4E T CTLA4
7, I H 22 F T T 22 €0 20088 10 I PR BF A2 o
CTLA4 B T8 [% HTA tremelimumab 19 222 4% 35 [E &
A2 H =) (FDA) v T /) Byt y7 . 3
5T, HARATE BH S IR EIGIT A R, —
RES SRAF A WA A7, 1 oAt — 28 S8 AR ANV R
RE 5y A G T 7R I R R oo R e A
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op R AR T Ak, 2017, 24(12)

AN G A R MEAS R, 51 i #h 22 451405 B2 48 I
R, BT LR BT 7 V00 TR B AL

H A, M 38 £ F RNA T 305 AR i€ B A 41 g
CTLA4 FEPRRA FUAL BRI DI RE . Yu S5 1 4 )
CTLA-4 Z: N /N T3t RNA , KW 52 CTLA4 18
P 2 BT B AR A I Th /Th2 400 K7 g2 . {H 2
RNAi AR mRNA FEAE , A e 5€ 4 md H 14H
il CTLA4 BE R 3Rk , 0 78 73 Wt 98 CTLA4 R D) R
H—ERHRE. CRISPR/Cas9 A — g it 3
G HR, ZHEH T Z AR AR. HAF
Z R WA B G WA R R 4 7 U2
Crgd B AN S US55 5 1T SEEL 22 AN $E 2L [A] [H)
I R B 5 I HLiZ & 40 /2% B RNA 4% 195 DNA 18
M, 3L & i 5 RNA T 3 B AR #H be B A w8t A%
PEOS, ZHER CLA TR 2 NS T ik A7 2
&4 . Kaminski 25" B M4 AR B2 iE B N T 41 f
SR A [ HIV-1 5 55, I HAE HIV-1 CHERRIG T
Y, IR R Gt 1 FE S A AE BT ARH b AT R R
4. Eyquem 25" CRISPR/Cas9 ¥ i1 71 J& 52 14 4
BN T A2 AR FE ] TRAC 07 55 , KORG8 1 g 4
Ja TP 52 kR ik 5. SuZE"F] B CRISPR/Cas9
R T NJEART 40 B ) S 0] 437 PD-1, 3658 1 T
Y1 0 R AU R LA e FT . FF HL Fp B A T 2 e S
HIEI N LT3 T 4Bk A CRISPR Hi AR 1 A4k
I R B2 FH At AT il e 58028 T 40 B o 25 o ok, ) A
CRISPR/Cas9 £ A m b 1 H H (1) % 1 i) 43 F PD-
1, 24 7 445 35 IR 4 At F4) T 410 [l 280 g 26 AR P
HEAT HlgeE V67" . Manguso 25| | CRISPR/Cas9
FAR FiiE 7N B BT AR R R e AR I T
5 PD-1 A 75 s 40081 551 208 2R ()38 25 W08 A Pepin 2.

CRISPR/Cas9 37 A i & & 1 8 — A>3 Cas9 M
sgRNA [ Ji KE , 4 6 e N 4t i Py 55035 4k 9 3%
Ko fH A 38 R oA Gl ORL ) A R AR AR, T
i B A E BB AR A S . IF BRI AR A
YT PN I, SR AR 75 B — 2 IR ), X S SRR 8
SAVETERIREI . 8IS AR AN L R J7 15 3RS sgRNA,
A] DA RO e 55 . 7 VAR K A sgRNA I Cas9 1]
JRRL I S AR A 53 OB 5 7 AR BGAR Cas9 mRNA Al
sgRNA, 24 J5 il it & 30y 98 3 %2 FL 5 N H pr 4l
Wil o X AR R e ek vy ) B R (R AT
DL N 22 /N EF AN [F) B A3 () sgRNA 548 i Liu
SEPUTE CAR-T 4 f (MR & PS5 5244 T 48 i) H A1 A itk
TR R R T T A2 R (TCR) - N2 1 4 470 i
(HLA) R PD-1 55 =/ JE A, 20t J5 1) CAR-T 4H i 7]
K225 HE K G 85 ) CAR-T ZH BRLAH LG, 74K P LA 4 s
A A T SR AN R A T RE

AT T $E 18] CTLA4 1) sgRNA FRiE i ki,
BEYL 03T 4 , ) FH A T I 07 a8 380 17 995 M e v 1)
sgRNA i ki . % & F| CTLA4 sgRNA % ik Jifi ki B %
I IR o B 1 B e SRR T A B, e e
1%, J5 W G 1R /N EL B ) T 40 B RER R Eh 8 M . 9F L
B NN PN 5 A B A 0 R0 X i 482 SI2 56 04 T g 7
A2 . BT CLAHT 7T 4k 22K | CTLA4 sgRNA Ri&
JORRE A AR 388 b A A B S 2% 1 B SRt T B
F= B sgRNA, 3 HIGAE T 7R 406 5% (1) sgRNA B
BREMVIRIE . AT PR S
5 [FIFEAR AN S RT3 Cas9 mRNA FE ] HL 240 N J5
AT 40 M, K0 CTLA4 53 F (R bR 38O, 285 AR IR AR
T4 RGER T CTLA4 R, X 5k 9 5 40 %
FLDR B AC T 40 Th g 1 A8 4k, DA R %o 12 S 2 0 |
I3 F il 78 A L ) e VR T R S s R E S AT T
TR
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