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[ ] & & %550 CRISPR/Cas9 F:[K 44 R S8 mi % PD-1 3 K% T 4B 39 5 2 43 W4 TFN-y [RREIH . = o < BEiHE )
PD-1 2 [A ] sgRNA /3 31] , B F T7 RNA %A B 4143 5] 45 % PD-1-sgRNA Fl Cas9mRNA . Fl| i #% 5% Y4 R4 PD-1-sgRNA
Cas9 mRNA VB & 4% NS 19N T bk EL 20 A, 003 00 A 25k DRI R Bk 1) 06 o 92 P e S AT R 2 7 22k DT i Bk J T ok L 40 w2 AL
PD-1 (#2232 15100, £R W5 75 2 0 T 8025460 D00 T 4 B 486 5 3% 7, ELISA A& T 44 i 3 94 TEN-y 15 0 . 45 % ¢ AR AP 3 & )k PD-1-
sgRNA fl1Cas9 mRNA. K PD-1-sgRNA Fl Cas9 mRNA 2% 5 Z T itk 41 , M 540 52 PD-1 2505 /5 471 4 3 2056 N 58.3%. CRISPR/
Cas9 28R T I T itk E 40 i 3 1 PD-1 23 1 1 335 7K F[(9.6£1.85)% vs (16.242.05)% , P<0.05], PD-1 H& [ B AN 540 T 41 g
BB FE T 70 A4 AR 2% BB (P>0.05) ; {H PD-1-sgRNA 41 (2508 T 41 43 30 TEN-y 7K - 88 3 TH 5 (P<0.01). 45 #& : CRISPR/Cas9 3 [A]
Ui RGN T bR 41 L PD-1 35K, B PD-1 4 F32IA AT BHIT PD-1 / PD-L1 Gk 117 M it 338 55 T 41 M ) G 28 3 1, LA
HERORL T AR 53 WA TIFN-y

[x%817] CRISPR/Cas9 R4 T Wk AN ; 4% % e s PD-1 5 IR ik s IFN-y

[hE52E] R730.51 [XEAFRIREE] A [XEHES] 1007-385X(2019)06-0656-06

Effect of PD-1 knockout by CRISPR/Cas9 system on proliferation and IFN-vy
secretion in human T lymphocytes

GONG Fusheng, XU Yangmei, LIU Shijia, HUANG Lijie, ZHENG Qiuhong (Fujian Provincial Key Laboratory of Tumor Biotherapy,
Fujian Cancer Hospital & Fujian Medical University Cancer Hospital, Fuzhou 350014, Fujian, China)

[Abstract] Objective: To explore the effect of PD-1 gene knockout by CRISPR/Cas9 system on the proliferation and IFN-y secretion
in human T cells. Methods: The sequence of sgRNA targeting PD-1 was designed. The PD-1-sgRNA and Cas9 mRNA were synthe-
sized by T7 RNA polymerase in vitro, and then the mixture of PD-1-sgRNA and Cas9 mRNA was delivered into activated T cells by nu-
cleofection. The efficiency of gene knockout was confirmed by sequencing. The phenotypes of T lymphocytes and the expression of
PD-1 after gene knockout were analyzed by Flow cytometry. The proliferation of T lymphocytes was calculated by trypan blue count-
ing. The level of IFN-y secreted by T lymphocytes was detected by ELISA. Results: PD-1-sgRNA and Cas9 mRNA were successfully
synthesized in vitro and delivered into T cells by nucleofection. Sequencing technology confirmed that the PD-1 gene sequence was ed-
ited and the editing efficiency was 58.3%. The expression of PD-1 on T lymphocyte surface was down-regulated successfully by CRIS-
PR/Cas9 system [(9.6 + 1.85)% vs (16.2 £2.05)%, P<0.05]. The knockout of PD-1 gene did not affect the proliferation and phenotype
of T lymphocytes(P<0.05); However, compared with the control group, the level of IFN-y secreted by T lymphocytes in the PD-1-
sgRNA group was significantly increased (P<0.01). Conclusion: CRISPR/Cas9 system can successfully ablate PD-1 gene in human T
lymphocytes, which could block the negative regulation of PD-1 / PD-L1 and further promote the IFN-y secretion in T cells.
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o IR T AE MR 25 A IR T b A B B A
A5 FH b 68 RF S R T 40 MG R 2o 4K VE AN N A 2 9T A
(adoptive cell immunotherapy, ACD) & ¥ J7 % P b 98
() EE EEHERG 2 — o SR, A UEHE R B IR O T
A PT DAIE L 52 AR AR 38 A S AE S, g IR R T
R B2 41 i P A 4 (eytotoxic T lymphocyte antigen 4,
CTLA-4) FEJF 1% FE T %2 4% -1 (programmed cell death
protein-1, PD-1) J& H: [F YR BC A4 , #0540 B (1) S 2 7
P & i S e IR ) B 2R N 2 — . CRISPR/Cas9
Fe 4 TR M G TR R — R A R B AR R S 1% R G P
2 AT 5 A N AR 93 B DNA ) S AL 1) D9 BE At I HH ok
(18— fr i 2 e R 2 B 2 R AT A G 1) 6 TR
4R , CRISPR/Cas9 HAT Wit T8 4H L 45 1 1 B g 5
RSN R R AR N N FE TR
—, T N TR 2 W AE T RIE AR
B FE ) FH CRISPR/Cas9 Jik K] 9 48 452 AR Rt B A T 4
J o PD-1 &[], FEAIK PD-1 73 1 1 3% LABEL T PD-1/
PD-L1 Gk 4%, AT 58 T 40 1) S e s 1%, 9 T
2 0 I 4k G 58 VR 9T R I PR S FH A A S B A 4R

1 MR57EE

1.1 EEZRXFAME

CRISPR/Cas9 Jii i pCAG-T7 4 E b 5T M v 37 4
v 7], EnGen sgRNA Synthesis Kit HiScribe T7 AR-
CA mRNA Kit F1 T7 & 1& N V) B 1% 5 NEB A ] , P3
Primary Cell. 4D-Nucleofector X Unit i 7] & 4 H
Lonza /A 7] , IFN-y ELISA Kit 4 5 203 L4 4 A,
PD-1-FITC #ii£l H eBiosicence A & , CD3 H.31 H
Biogems 2 7 , hGM-CSF . rthIL-4 . IFN-y /% TNF-a )
4 | Peprotech /A & , GT-T551 H3 #5753 F AL 51
HEAEMEARGRAT . BEROEE ) IMNIERA
PR 7], 900 2 B AS R T 400 it 2 784 ol D #0420
H Beckman Coulter 24 & .
1.2 ¥ PD-1 % B sgRNA #i% 7+ 54k I8 4k

01 PD-1 25 [K] 1Y sgRNA [ %11, R #& CRISPR/

Cas9 # g{ B THJEUN , & 5 B A 72 2k T A (http : //crispr.
mit.edu) i 1% H 45 = M 58 1) sgRNA CBE £ 7 41 : GTC
TGGGCGGTGCTACAACT) . R ¥ sgRNA & i 57
UL BB T B B R R e 1 O A R BE (F: 5 -
TTCTAATACGACTCACTATAGTCTGGGCGGTGC
TACAACTGTTTTAGAGCTAGA-3",R: 5 -AAAAGC
ACCGACTCGGTGCCACTTTTTCAAGTTGATAAC
GGACTAGCCTTATTTTAACTTGCTATTTCTAGC
TCTAAAAC-3"), 1B KIEAH 5 H T4 75 il sgRNA
% % EnGen sgRNA Synthesis Kit i 7] £ 15 B 75 /& 4
FIF T7 RNA A0 4 il sgRNA , 2l L1 sgRNA £

1% FF % A5 14 68 fi H 3k 46 32 » NanoDrop 2000c¢ 45 4143
LTSI sgRNA [
1.3 T7 RNA % &8 % 4R 5h 4 s Cas9 mRNA

Cas9 15 i b pCAG-T7 £ Mfel i 1] 25 14k, , 7]
WLt 1) I F 2 A TR, 20 W S A R Ak )5 L v T
To A% B2 B (1) 7K WA A AR, R FH HiScribe T7
ARCA mRNA Kit £ 4 4t 2 | T7 RNA % & B it
T Cas9 mRNA [ 4& 4h & 1, I K A Licl YTIE J7 12
# 17 mRNA 4fi {6, 4l fb J5 1) mRNA £ 1% H AR
4 1t Jis HL Wk % 72 , NanoDrop 2000¢ 43 56 't & 1146 il
mRNA FIRE .
1.4 THEMBSRE R

T E T 6 i BE N A 4 110 ml, BF Pt G 4
T B 23 B R R 0, SR A A% 4l L, F RPMII
1640 35 77 1 275 40 i, B0 R v 4l B 3 Wk s K i i
PRt TR 92, B 37 °C 5% CO BE - MM H 120
min. WCEEAENGEEAM, #5 N 25 em? 35 7R, FH GT-
T551 H3 17 7% 3k A B2 40 i % B 22 1< 10° A>/ml, il
IFN-y 1 000 U/ml. 252 KA CD3 $if4& 50 ng/ml
rhIL-2 1 000 U/ml. %3 d %M 1RGNN GT-T551 H3
Rr 72 38) , [F A M0 rhIL-2 500 U/ml,

1E U BE 41 i A in N £ 75 ng/ml GM-CSF A1 50
ng/ml rhIL-4 ff] GT-T551H3 15 7 %, £ 3 d #e 1 IR
5 4 K A% 50 pg/ml IO 8 40 B 7R il S5, 55 S R
A 50 ng/ml TNF-a, % 7 K¥ B DC 5 T itk 40 i
L A3 IR 3RAF N T 40
1.5 PD-1-sgRNA #= Cas9 mRNA % 4 A\ Ti#k & m i

B0 3 d 5 i Ttk A 3x 1094 , e 15 97 3
TE VR 5 R T 100 pl Y HEFEZ MR, TN T pg
sgRNA £12.5 ng Cas mRNA, 7£ P3 Primary Cell iX 7
ST B, R P BOL1S, B 5 LB NN
500 pl TR BE FREL, TN 37 °CL5%CO. 85 77 41 % &
10 min LA F, 98 J5 1 40 8 i 7 21 6 FLAR HH 48 235
FEY . WOE I T AR 40 22 PD-1-sgRNA 1 Cas9
mRNA H % 72 h Ji5 & HUAH Mo 5 (K 2H &5 DNA, R4 %
THEF ) 51 W4T PCR YT
1.6 PCR#7 3 A TTENI Bgdn s % w45 )5 T e il 2 1)
405 DNA

T2 20 M EE K 20 DNA, %1 PD-1 5] _E R iz 51
) (F: CCCTTCCGCTCACCTCCG, R: CCAGCCT-
GACCCGTCATTCTAC) , X} H (1) v Be kAT 4318 , A
K& 522 bp. HL 100 ng ¥ 34 7= ) /£ NEB Buffer2
95 °CA I 218 1 )5 , I TTENT 37 °CH¥ & 30 min,
2% [P BT B I FLVK 4 B9 . TTENI e % 5 A 58
TS () BURE DNA JF AT V1%, 73 74 L T7TEN1
fifg 7] % 5 , 11 5 CRISPR/Cas9 X ¥ s it 1%, 1 98738 , %
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RENE B Z B IR0, JF i o0 E DNA B . Kk, 78
T JR B V5 JI FRL ik R A7 TE B PCR 7= W iy 2 A 11 4%
5, Ul B IR KW RE 0 B T7 A% R P U I 1Rl 9
TIE), R S DNA JFHI ] REAAAE R . @
T-A 52 [ O 7 3 — 25 5000 28 A48 19 A7 78 DA B AR
FRIARL o
1.7 AR ARAEN THE m@Ae £ R & PD-14T 6
kA

¥ PD-1-sgRNA H1 Cas9 mRNA HL& A T ik 241
Jfl (PD-1-sgRNAD , 73 7l 7 HL e J5 (1 58 5 R ATER 10 R
e it R0 PD-1 40 F I RIA IGO0« 78 FLE J 1Y
12K, WK T AR A i R AL . BURE S5 oK 4 i
FH 100 ul PBS &, I A PD-1.CD3.CD4.CD8 #i 1A
10wl X REAE 23 50 I NS B 1 R BBk 10l = iR
WEEIF F 30 min i, 70 AU 1 ml PBS ¥ #2401 i,
400xg 250> 5 min, Pk 2 % 3¢ FIGWR 2% 2 5K g
400 pl H A0 A, BT U A
1.8 4 kI3 & a0t HOE AR T ok € 4w 6 69 38 78
At 7

73 H7E PD-1-sgRNA £l Cas9 mRNA HL# Ji5 [ 55
0.3.6.9. 12K, T3 & T fs NS T itk 40 i i A4
KB O, HHURE 28 #E HUlE 4L 12 5 F Countess 4= H sh4H
L E 2 AT A B T, HE AR 2R T R R
M )4 S A5 2
1.9 ELISA #20 T @ it 43 ik IFN-y 1 2L

IV FH TFN-y ELISA Kit £ 25052 T 4t Hfa 35 759 A 1)
IFN-y (& &, HARH R0 SR R S W B kAT .
1.10  Ziih2ehbss

K SPSS 19. 0 G it 8t , F B E i K H s R
7~ P AL TA) T LR ¢ K56, DL P<0.05 8% P<0.01 £ 7~
ERB GRS

2 # R

2.1 4RIF Ty & A PD-1-sgRNA #= Cas9 mRNA

B Lk 5 SR (B 1) 2, PD-1-sgRNA 1 Cas9
mRNA & %A BEK/N 518 100 14200 bp, 5 FUK
/NFH A 5 3 B AR A8 B ) & B PD-1-sgRNA AT Cas9
mRNA,

B
bp bp
5000
1000 3000
30 o0
0 500

M:ssRNA Ladder; 1:PD-1-sgRNA; 2:Cas9 mRNA
1 PD-1-sgRNA(A)F1 Cas9 mRNA(B)FIME R EHIL E
Fig. 1 Identification of PD-1-sgRNA(A) and Cas9 mRNA(B)

synthesized in vitro

2.2 CRISPR/Cas9 A 4ft 2 &% % PD-14

T7ENIRg ) % 52 45 F (K] 2) &7, PD-1 2 7 1 B
B A SE AT IR DNA XURE R S8 A5 67 55, 1% T7 1%
iR Y EETCT7END YD E] %, 2 45 /N A BE, 43531 100 A
422 bp. ¥ PCR W14 TA 5 [ 3R , IIF 52 PD-1 &
DRI 7 8 AL B 71 B0 A 1R 00 40 R R 58.3%
(K3,

M :DNA marker; 1:PD-1-sgRNA T;2.Control T
2 PD-1 EF K PCRI B4 (A) B H T7ENIEGY) 5347 (B)
Fig. 2 Polymerase chain amplification product (A) of PD-1
gene and its 77ENI enzyme digestion analysis (B)

GGCGCCC TGGCCAGTCGTCTGGGCGGTGCTACAACTMC‘TGGCGGCCAGGATGGTTC‘TT (WD)

GGCGCCCTGGCCAGTCGTCTGGGCGGTGC
GGCGCCCTGGCCAGTCGTCT

ACTBBGCTGGCGGCCAGGATGGTTCTT (-4, 1/12)
B88CTGGCGGCCAGGATGGTTCTT (-16, 3/12)

GGCGCCCTGGCCAGTCGTCTGGGCGGTGCTACA CT -CTGGCGGCCAGGATGGTTCTT (-1,1/12)

GGCGCCCTGGCCAGTCGTCTGGGCGGTGCTACA
GGCGCCCTGGCCAGTCG

-CTGGCGGCCAGGATGGTTCTT (-3, 1/12) (-58,1/12)

-:Deletions; +: Insertions ;n/n: N/N: Positive colonies out of total sequenced
3 PD-1EE PCR &) T-A 7 FZHI DNA M FLE R
Fig. 3 DNA sequencing results of T-A clone of PD-1 gene PCR product

2.3 CRISPR/Cas9 # 4 FTIATHE @E k|
PD-1 % -F &9 % & K-F

It 2 A I 45 S (B 4) &7, PD-1-sgRNA
2H T ik EL 4 AR T PD-1 43 IR IA /K P AE L% I 1Y)
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10 KR T I[(16.2+2.05)% vs (9.6+1.85)%, P<

0.05], % W] CRISPR/Cas9 % 4 ] il PD-1 %Kik .

5d 10d
Control T PD-1-sgRNA T Control T PD-1-sgRNA T
A 200 400/ 3001
4001
5.8% ] 2.5% 16. 1% 9.4%
” 2001 —
g 100 y
5 200 200
3 100/
0
w 10 10 10 0 " 0 = 10! 0 10 10 10° 10 0 w 0 10 10
PD-1-FITC

4 CRISPR/Cas9 24t % T i B4R E PD-1 57 F3RIAHIF M
Fig. 4 The effect of CRISPR/Cas9 system on the expression of PD-1 on T lymphocyte surface

24 TH#HEmMIPEIEIERE N AR AR PD-1 K RH &L
% 69 %5 v

5 (B 5 IR, PD-1 2 [F B % PD-1-sgRNA
2T A 2 4 Y 1 15 B R ) e W R B2 i (P>0.05) . 7E
HLG I (58 12 R, i Ul AR A I 45 2R (B 6) 27
PD-1 2 [F] i B S T bk 2400 Jfa =% 284 6 B 28 52 o (P>
0.05). K W] PD-1 A B A 22 520 T itk 40 a1
HrERe IR
2.5 PD-1ARH% G R 3 THE 9255 IFN-y

ELISA il 45 5 (B 7) 8o, 55 IR L4, PD-
1-sgRNA ZH [ T ik L 40 i 355 7 38 IFN-y (1)
B FETFE[(270.2417.45) vs (387.6£13.61 ) pg/ml, P
<0.01]. B4 PD-1 & DA 1) i % B A 2800 32 2505 T bk

357
301
251
20
15t
101

T cell expanding fold

—4— Contrl T
—3— PD-1-sgRNA T

5 10 15
Time (t/d)

5 PD-1 2 ERIFART T itk B 4AAEIEIERE HEIFAE

Fig. 5 Effect of

PD-1 gene knockout on proliferation of

CLA Y 53 9 TFN-y . T lymphocytes
Control T
3 3
70/ 10 02% 15.7% 10 10.9% 80.1% 103@17% 29.2%
601 95, 10% s a 104 ’h 2107,
, 50 | ‘: S * ol
£ 401 < 10Y 5 10478 F o Teior i 1014
5 304 8 é Pk ,§(§~ 16.1% E 1 10.6% 68.5%
20- 100_:.3.1% L 80.9% 100‘:§ @ 100‘;
101 .. i '
10° 10! 10% 10° 10° 10 10° 10° 10° 10' 10 10° 10° 10' 10 10°
CD3-PC5 CD3-PC5 CD3-PC5 CD3-FITC
PD-1-sgRNA T
701 103’% 0.2% 13.8% 105595, o7 10005 25.2%
607 97. 107 g 8 107 fg; & 107
- m E B “1 O
‘E ig‘ 3 101‘; [:i 10"1.6% I‘":: 17.9% g 101“. -
2 30 A & a e »)§‘ SR A 73.6%
&) . 1.9% ? o ¥t O
204 10019% R 2% 100+ ; 10°
104 3 - ]
10° 10" 10* 10 10° 10" 10> 10° 10° 10" 10> 10° 10° 10' 10> 10°

CD3-PC5 CD3-PC5

CD3-PC5

6 PD-1E[E RIS T itk B 2H R B A 5200
Fig. 6 Effect of PD-1 gene knockout on T lymphocyte phenotype

CD3-FITC
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“P<0.01 vs Control group
&7 PD-1EERIFRIS T itk B LA 53 IFN-y BIF0E
Fig. 7 Effect of PD-1 gene knockout on IFN-y secretion by T
lymphocytes
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JiebJeg ) 3k 24k 1 4 B 2 VR o B R YR i vk 2
Y M AR A DU S T 2 IRIE YT 45, B N = A i
SR RIEIRIT ik — " T T 4B 0 R G v
0T 1R 32 BRI T B MR R e 1 T 4 PR AL A
P LA (R A D) s ER . & JLHER
R, B v IR R S R T A P A B ) SRS A B AR K
(1) R F T 0 A7 A4 8 428 1) e 8 A 2 s 41 ) )3 L
SEA G B, R5 ) &2 DL PD-1/PD-L1 A E 15518
PRI R, 0k JL AR HEVE M IR i s R 3 R P R
LA ER Tl A 3 I S N N i TR AT E S
135 PD-1 FRI& K IIAH IS 7 AL AR 2 Y o DRItk A
IV T 24 7P R 4% 1 SR % T 40 o 4k S 9T ik

LR B, 4 L PD-1 8 PD-L1 HifABHET PD-1/
PD-L1 S & # il {5 =il g ol LA g s ik & i 2
A THM P PUE AR . HBTEREE RS 2 FH
2y, FEURYT P Bt IF HARE R e s i 3211 7
A BEEIE T BREHAE IR T2 M H . BORKNER
SO F T S EE A 3 1Y RNA T # Kk BH 7 PD-1
0 R] IA B 46 R e e T 4R Th AR B 1, (R A7
7E RNA F-HUFr LI [a) 45 100 8% e sl 2 = 4%, Hald
SR FE I PR ASE FH 1 22 A 1t S50 A SE A i v

CRISPR/Cas9 % 4t (1 1F F L /2 i Bl sgRNA J7°
1B a2 0l b5 HL I HR AT () #E DNA 7 81,
Cas9 1% B i 51 28 $E AL R e R ) S )81, AE 41
RURLE P A XUE DNA Wi %2, il ) 44 s DNA 12 5, f
5 4F [7 Y8 2K ¥ i $% (non - homologous end joining,
NHEJ) 5k [ 7§ = 4 (homology directed repair, HDR)
177 Ak ATIESE . Hod , NHEI /%) DNA 2 24
FEREAT 177 AR BEHLAE N BIGER 2R R AR . ASHIE 7T 8 SE

TH— 2 REdE S HE ) PD-1 £ [X 1) sgRNA 51, 7E AR 41
. H} RNA & IR ) & & il sgRNA, 7 5 Cas9
mRNA — [FIAZFE 4 N JRAR Tk i i, sahrsibk A T
4H i PD-1 2, PR AR 2 58.3%, 4 35 IS T 4
UK TH PD-1 40 T IR IE K-

PD-1 72 B7/CD28 3 [ il ¥ 73 ¥ 52 e 1) B 22 ol
B, EERIE TS T B4 %1, i 268 & 3
TR ZH RS P 2 FEEARE 2 1, HG M o XA g 2 AR T
PR #1011 2% 7 (immunoreceptor tyrosine-based inhibito-
ry motif, ITIMD Fll % 12 52 14 1% 28 IR s #2 55 /7 (immwu-
noreceptor tyrosine - based switch motif, ITSM)"',
PD-1 5 A& (PD-L1 M1 PD-L2) 45 & )& , S EITIM Al
ITSM 1 (¥ % 2 B ik i i R AL, , 55 S Wk R I SHP-1 Al
SHP-2, 311 516 T ¥ PI3K £& [ 3l (1 2= i i Ak, 310
il mTORERK2 F1 AKT %518 % 1% 44 » Fe &40 1] 3%
I T 24t AR ) 184 B DA A 4 i PR - (4l TEN -y TNF -0 F1
IL-2) [ 73 b i3k B i o e e T A M 0 12, 7 ) 4%
T 40 BRI S B0 1 , FE AERF DA S e i 52 Hh 4 2K
HEWAEHM., A8 A A DC B A Bt i in T A
BININRE, TEARSNE S T 40 B B0 , 158 2 N R
T Y0, 22 DC P JEKE 5 P 0E 10308 T 28 i 7T 43 3
T RE I 40 B IR 7, 4 TL-2 FH TEN-y 25, [ 322 38 35 1
J I EH o« 1B 2 S0 5 K B, PD-L1 {E 4 PD-1
M) FEEAA 2 —, By 7RIS T Mg i e ob , 3Rk T
AT T 41 DC FH WG 2 P 25 , A0 V5 1 ik B2 48
Jil bR IE PD-L1, 5 A B _F Rk TG0 Tk
YA ) PD-1 454, KA SRR, DL B A3
BifasE . AHEFEIE CRISPR/Cas9 /5 1) PD-1 F£ [A]
i % i U A0 T 40 B g 3 — D0 , 76 DC T 1
Bl 3577 A2 T K TFN-y o ASHIT 58 0 50 54N T itk
20 L 22 PD-1 JE DR R B 5, 7T DL 25 4 i R8T 24
Jit9 43 WA TFN-=y [ 7K T

325 24 0 1) 3k DR B e — EL R S SE I A I — A
Mo BT JEAR T M 1) % Gy, H AT B A YT
A MRS B A T 0 SR B AR S B B A, (H
HF A2 A G, A % EAR R A R B 3k
LT . 4AD-nucleofector X Unit A% 75 Yo R 48 &
T ARG 1) H 5 AL R B A R S M A% B e, T
BANA I G R 7, BT AR IR R 5 N 41 A %) 48 A
Wb, 2 PR AR I A e . AR S Ee ) H 4D-
nucleofector X Unit #% ¥ 4 £ K, 1% T K sgRNA Al
Cas9 mRNA VB SHWEGN T itk B 40 i , A 250 5% PD-1
FEREAT T i

] FHf CRISPR-Cas9 % 4t it AT J& [K 9 5 1), e ok
18 975 7 0108 B S G o6t T 2 O 170 3 K] 4 4 R R A
U190, 17 SR FH 5 RE DNA % 4%, 5 T 4 it 1 75 1 A2 2
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I FH B — KME RN, FLVK, Cas9 A% BRI T K,
£ DNA G 2 o, BA HL 2 = AR BE AN . T A
FH cas9 mRNA 2 sgRNA [#) 5 KAE s 72 5 B f#, HA
FEAM M PRS2, TR 1] T Cas9 A% R i (1 41 30N
IR I A 51256 5K FH sgRNA Al Cas9 mRNA #5 4e J73% , B
T AT DAY SRS T 4H A 25 14 A, 38 AT DA B A B
IR TERE R B AR FURT S 2

AHIFFEIE L ARG BT VA R 1) PD-1 £ [ (1)
sgRNA Fil Cas9mRNA. F| FH #% #% 4%+ R K PD-1-
sgRNA Al Cas9 mRNA VB &% AN T itk R4, 5
ThE B N T bk B 40 O F PD- 1 35 R] , 358 00 248 L 6] 4 325
%o 3X APHWT PD-1/PD-L1 4 k45 5 ik 2| 1
SER 2550 T4 L 14470 e 98 6 PR SR AL T — AN () i U i
&, AT DA 208k G A8 F BT S 44 BT s R AR R R
FLVR K53 G A T 10 P9 YR P PD-1 JE R BE AR 2 2 i
JEAR T bk B 40 0 1) 26 ZR0 AN 8 B RE F7 o 3R 05 22 11
JEAR T 20 3 G 7 R AE I PR S b BAT 56 hn 22 4= Al
PR AR

25 LRk , AHF 78R F CRISPR/Cas9 3[R 4 47
R br N T 4iffa s PD-1 2 [A , &A% PD-1 2 T 3R1E
DABH W7 PD-1/PD-L1 7 M 5 , AT 384 5% T 41 B 1) 4
PETEE , N T AL I gk S e Ve T B R B F £ it —
BN A I T

(& % xx #]
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