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CRISPR/Cas9-mediated endogenous TCR knockout enhances TCR-T cells targeted
killing HPV16-positive cervical cancer cells

FENG Juan, LI Jiatao, ZHUANG Na (Chongqing Key Laboratory of Translational Research for Cancer Metastasis and Individualized
Treatment, Chongqing University Cancer Hospital, Chongqing 400030, China)

[Abstract] Objective: To develop TCR-T cells with endogenous TCR knockout based on CRISPR/Cas9 gene editing technology, and
to identify their cytotoxicity against cancer cells in vitro. Methods: Jurkat cells and CD8" T cells from the peripheral blood of healthy
volunteers were cultured in vitro, and endogenous TCR of the CD8" T and Jurkat cells was knocked out by CRISPR/Cas9 gene editing
technique. Transgenic TCR overexpression lentivirus was prepared and transfected into the CD8" T and Jurkat cells with endogenous
TCR knockout to prepare TCR-T cells. The expression levels of TCR and CD3 in TCR-T cells were detected by multi-color FCM. The
killing efficiency of TCR-T cells against HPV16 positive SiHa cells was determined by luciferase activity assay. Results: CRIPSR/
Cas9 gene editing technique effectively knocked out TRAC and TRBC genes in the peripheral blood CD8" T and Jurkat cells, with a
knockout efficiency of (81.44+4.5)%, (98.5+0.07)%, respectively. The obtained TCR-T cells after transfections efficiently expressed
transgenic TCR, with an expression rate up to (66.0£17.8)% , (97.3+2.6)% . Knockout of endogenous TRAC and TRBC genes
effectively enhanced transgenic TCR expression on cell membrane of CD8" T and Jurkat cells (both P<0.01). Knockout of endogenous
TCR enhanced the specific killing of TCR-T cells against HPV16-positive target cells ([71.4+1.01% vs [35.1£2.0]% , P<0.01).
Conclusion: The expression of transgenic TCR in TCR-T cells without endogenous TCR expression was significantly increased, and
the targeted killing ability of HPV16-positive cervical cancer SiHa cells was significantly enhanced, which provides experimental basis
for improving the clinical therapeutic effect of TCR-T cells.
[Key words] cervical cancer; SiHa cell; CRISPR/Cas9; TCR knockout; TCR-T cell; HPV16

[Chin J Cancer Biother, 2023, 30(5): 373-379. DOI: 10.3872/j.issn.1007-385x.2023.05.002]

[EE&mMB] EEARRFAIEEGEERSE4E (No. 82101931 ; H KT H AAE} 5 4> (No.cste2020jcyj-msxmX0086) ; H e imi A 5 ANEHIF I 55 J: 4>
(N0.2021CDJYGRH-013)

HEEEN] 1S4 1990—) , 2, il LA, ST AT 5, 32 A 18 S VA3 97 TR T  E-mail : ovofeng@163.com

[B151E&] HU, E-mail : zhuangna0618@163.com; Z5{£¥4 , E-mail : jiatao_1i@163.com



- 374 -

F [ R AR IR 9T Ak A, 2023, 30(5)

B R L VAR R OB R A SR
JEXT Tk R DL B R M B R A
SHEAEGFRMN173%". mfa NFL L5 16 1
(HPV16) A1 18 L (HPV18) FIFF & B YL e 175 K B 20
b R IR RE IR AR R S SR . TCR-T A 7 2 4
R VA T SEPR B B T S B B R 2 —B R R IA
R B PR TGN A 244 T 40 B RE 65 2803
H A 4040 e, $E[aHPV16 E6 & E7 H1JR ) TCR-T
ST L A 37 o e 8 200 PR 9 U SR A Gt HPV
FHIE TCR-T 4H L K BEA 5356 7 5 B0 Fe 3 I PR I
7, PRI 7 AR R B 22 A AW TCR-T 4 e . H i,
TCR-T 4 o T 1 P9 ¥ TCR 55 3L R TCR 324+ 45 &
CD3 M, H =3 5 8 IC Y R A B TCR — Ak
M5l &K MY Pt fE £ w07, A i a0 ik
CRISPR/Cas9 i % N P P£ TCR ) o F1 B FE K], BERE A
RO R FE R TCR (1360, HLT-7HBR T TCR#5AC -
2020 4E4R I8 T 1 4> CRISPR % % TCR-T 4 o 76 ¥t ¥4
P IR P e A MR AT AT M I R AR 5T
i I CRISPR/Cas9 R4t N T 4H i 4 Y 14 TCR, il
% 7RSSR HPV 16 E7 1R (1037 8 TCR-T 400, &
WLANJE TCR A 2 K38 T T 4 B & 3% 1, H Xt
HPV16 BH 4 & 25 Ja 4 Jf 1 2% 45 e 77 B 2 1 9 o
A WAL AL T &% HPV16 E7 4 J& ) TCR-T 24
M, AR TR S R T . koAb,
CRISPR/Cas9 i A fifi 5 4 & TCR [ #£3i& H + HAth
P SRR () TCR-T 41 H 6 97, B B 2 kIR
RLFHME -

1 #MR5EZE

1.1 @mfe X5 5 E

NS I CD8" T 40 i ok H i R E R, R4S
AEFEFEZE MG R E B, Rt g =
PROK 2 B Je8 Jie 98d = B 48 B 23 R & HF Ak CREHES -
CZLS2023082-A) . HPV16 [ 1*: SiHa 4H il . Jurkat 4fi
HOFN 293T 40 AR T E B2 Be 4 M 2 . SR PEcy7-
CD3.APC-TCRPB.PE-TCRa/f — 11 ¥J ) H Biolegend
%y @ , Dynabeads Human T-Activator CD3/CD28.
Lipofectamine”3000 %% 4% i 7] . Cas9 Nuclease 3NLS
(Cas9 % H) ¥ H Thermo Fisher Scientific /A 7 , i
ko N B R 3K & W B Qiagen A A, 1y Al
DMEM H1 RPMI 1640 1% [ Gibeo 2 ] , 4H 3 A5 IL-2
I 5 PeproTech /& 7 , N CD8 it i 2k (CDS8" T 4H i 77
271 B W H Miltenyi Biotec A ] , Neon H, %f FL4X
1 H Thermo Fisher Scientific /A 7] , Beckman CytoFlex
% 3 20 41 i A (FCMD 1 Beckman MoFlo Astrios
EQ 471X 23 4 H Beckman A & , A % #E 7] TCR 73 F

[ 1] 5 RNA (guide RNA, gRNA) [ 51 ) E 7 5 4 1
B /v 7« TRAC (TCRa) -gRNA 5 %] : 5'-“GGCAGA
CAGACTTGTCAC-3'; TRBC (TCRB)-gRNA /5 41 : 5'-
GCTCAAACACAGCGACCT-3'.
12 ASMRE &L CDS Tw@bag s & it 5 minis ik

14 I Ficoll 2 J5£ B i 125 00 A0 & 173 25t 40 & 1
AN 1% 4H i (peripheral blood mononuclear cell,
PBMOC), fili i CD8" T 4H ffd 7 25 57l & (1) W Bk 41k
33 CD8 T4/ . T4 E T % 50 ng/mL IL-2.
10% FBS.2 mmol/L L-%+ 24t ik M1 50 mmol/L B-Fii %
LT ) RPMI 1640 15 37 3 5% 3% , Jurkat 41 ffg & T &
10% FBS ] RPMI 1640 3% 77 3 th % 7% , HPV16 1 P
SiHa 40293 T i ii & T 7 10% FBS [¥] DMEM 5 57
R,
1.3 CRISPR/Cas9 # [H % % # R # % CD8' T.Jurkat
m e o 1 & TCR A B

T 4 i & i Dynabeads™ Human T-Activator
CD3/CD28 Il #4015 1t 24 h )& , 43 %l F 500 ng TRAC-
gRNA.TRBC-gRNA F11 ug Caspase 9 25 [1 = i T4k
P 20 min, ¥ it B5 % 8 H 2 & ¥ (ribonucleoprotein
complex, RNP) , TRAC-RNP . TRBC-RNP 7} 5l 5
2x10° > CDS8" T 41l g 5% Jurkat 41 ffg 362 & J5 32E 47 Ha %
Yo, U PR N1 600 VL ik (A1 10 ms, B8 3 Ik
BEAT O AL S A0 M ER IR TR B 8 A B R Ak
72 h J& , FH A R TCR A1 CD3 i ALK 76 4 °C R
I Y 4b 2 30 min, £ 5 FCM A& Il 41 g 2% [ TCR
M CD3 &k K-
1.4 %)% it & A4 3L B TCR 49 & 2818 % & # Ak

% pMDLg/RRE .pRSV-Rev.vsvg Al pCDH-CM V-
TCR %54 F Jii FiiR 4T Opti-MEM ¥ 7 = 3 b 3
15 min, 2} J5 5 Lipofectamine 3000 V& & , =I5 N 4L 7
20 min J5 N2 293T 401 rh , BT 37 °C.5% CO, ¥4
FAA PG R R G e b G IR AL, 36 h G W AR &
18 955 B8 FAR M EIE W, A 0.45 pum FLAR 1 38 W it
U FE W 2 BR A L, H PEG 6 000 M4 H 20 1%
T
1.5 fE&U% AR TCR % CD8' T. Jurkat 2 it ¥ 4%
Feid & ik 4 K ) TCR 1% #% 2 %) & TCR-T & i

T 41 fu 28 7$ Dynabeads Human T-Activator CD3/
CD28 Hl] ¥ 3% 1k 24 h )5 , ¥ % fL i i TRAC-RNP,
TRBC-RNP, 36 h Ji5 il i CD3 #f £k fit [n) i £ 15 97 T
24 FLAR T, B 10 8 B 52 B0 % ik R TCR 1% i 5
B 9T PR 0 R AR 55 I ON B T 4 Mg b, DL 32 °C
1 500xg 7Kt~ &0 2 h, B Wi 7:4% 5 72 h J5 FH FCM £
T2 TCR BHMER . 234 7 d9 19 )5 , FCM 43 i% GFP
FEL APC-TCRP X PH 4 Y TCR-T 4 -



b

448, %5 . CRISPR/Cas9 il 1% TCR 13 TCR-T 4H AL HPV 16 FH 4 5 71 SiHa 240 L i) 175 . 375 -

1.6 % & FCM 4 TCR-T %@ fie. F TCR #= CD3 # %
% KF

EOWEE R Y J5 T 41 B , FH Zombie Green. anti-
CD3-PEcy7 . anti-mouse TCRP-APC . anti-human
TCRo/B-PEPL 1A i T =& T 40 Ml , vK b8 g &b 3
30 min, ] MACS ¥ 15 Bt , 600xg 25 0 W 4R ¢
U AR B T 488, i 300 nL MACS ¥ ) #
=, 2t FCM 43 #1 %% 4% 21 g TCR A1 CD3 3%
B
1.7 R & & B8 % M 5E %A M TCR-T 41 J2 3 HPV16
ra b SiHa @ Al 69 245 %

P 3L R IA HLA-A*02:01 15 £ HPV16
FH Y SiHa ZH 1, 4 £2 g 2 4% 2k K] TCR-T 2 (R4
UMD DAAKHEEL 501 /11011 5 SiHa #E40 VR &85 5%,
18 h & , & AL N 25 AR TR 28 Y KB 5 1 000%g
R B0 20 min, B 100 pL b3 W F A A A
SE HAHRT G BT (relative light unit, RLUD o A5 20K
=(1 - BEYH A0S 20 i 3L 8% 7% £ RLU/AE 28 o £L 1)
RLU)*100%
1.8 “itsabs

SIS P B E 3 VK. ] GraphPad Prism 6 4t
THRAE AT B 20 M o 7 & 1B & 20 A 1 TR 0
FH ks 7R, P 40 1] BU 3R B ST RE AR ¢ R 56. BA
P<0.05 84 P<0.01 £n =R BA G EE Lo

2 &% B

2.1 AR &% CD8' T 4@ g 4= Jurkat 4@ J.  TRAC #=
TRBC # B

4y H 4£ TRAC F1 TRBC 4 & 7 L& it T
gRNA (& 1A) , i i fL % £L [A] I8 3% 1% TRAC-RNP
1 TRBC-RNP % #) i 1fi. CD8" T 4H A A1 Jurkat 41
J, 33E T U 0 Y YR TCR B o M B JEER . 4d )5
Fl % & FCM & I P9 98 TCR R B 16 W . 45 B %
B , CRIPSR/Cas9 +3% K f& % 155 2 @l B Jurkat 2 ffl
[ B 1B; (98.5+0.07)% vs (4.4+2.5)% , P<0.01] Al
CD8 T ZH [ & 1C; (81.4+4.5)% vs (3.1+1.1)%,
P<0.017f TCR, fi . A KA TCR. FCM 45 R &R,
CRIPSR/Cas9 /15 Jurkat 4 fitl ( /&l 1B) 1 CD8" T 4l fitd
(E1C) UK TCR B KA 7 CD3 IR IA .
22 AH & LN R TCR & TCR-T 20 iz

PRINAE R T B U 8 X #% 2 ] TCR 12 9%
BRAUA H RS = B B (B 24D, 18 B K
Y Jurkat 140 & ML CD8" T 40 B 72 h 5 , Hl FCM &
M FE R TCR Rk . 45 R R W, Jurkat (& 2B) Al
A JE I CD8' T 4 i (& 2C) i€ I f) CD3 F1 TCR
) B8 & 2 ik, P9 4 Jurkat 40 2 Y CD3 BH 1% N

(97.3+2.6)% vs (3.5£2.1)% (P<0.01) , #§ 41 CD§"
T 4 }fg () CD3 FH P 2 5 (66.0£17.8)% vs (3.1+
3.4)% (P<0.05) . 45 5L B TCR-T 4 A #ll %% 5¢
B, H % L RNP 5% 5 A 52 i % J& K] TCR (1) FH
PR,
2.3 &% MR TRAC #= TRBC £ B A 238 7% T 28 it
% TCR #) % A

2% B 9 S B B[R] TCR 43 3l ‘5 N\ 21 7
AR CDS” T4 A A1 P Y8 TCR i B i CDS' T 41 i
H, FCM anilll 45 SR 27, @ bR T 48 g 9 U5 TCR 4l K
Hhy 38 i 5 36 K] TCR 76 8 ERIRIE(E3A) . 9tk
JEE 43 AT IF SI2 3 N U5 TRAC F11 TRBC 2[R g A &k
58 T AN H R A FE 3L R TCR[ & 3B; (5 749.8+3 790.6) vs
(2 163.8+1 914.0) RLU, P<0.01].
2.4  F % AR TCR A 2038 3% TCR-T 4m fe 3 J 4m fid
B AF A AR RE A

e B 1 SL U6 45 B (- 4A) R, HPV 16 E7
TCR7EEFAE R CDS™ T 41 i i 3% T K Kok 78 24080
Eo st RIE LR, A Y A2 784 CD8' T 4H Al il % F') TCR-
T 4 ff % %8 21 B SiHa-HLA-A*02 : 01 A1 % 8 21 SiHa-
Ctrl\ SiHa-HLA-A*11 : 01 ) & 15 % 4 5l N (26.7+
0.2)% , (24.4+0.9)% . (10.2+0.8)% (P>0.05) ; ££ Z #1!
EE 1021 (4% B0 F 19 2% 45 2 2 i) D (35.142.00%
(16.5%%0.3)% . (23.1£1.0)% (P>0.05) , 2% W] 1] 4% £
TCR-T 40 B A 155 (0 e e 1 A SR A Th e . T
P U TCR ) CD8" T 4 A 5 14 < 3% 45 R (&l 4B)
WoR, fERCEE L 501 M OL T, i £ ) TCR-T 44
Jig %+ $E 2 ig SiHa-HLA-A*02 : 01 A1 X} f& 41 SiHa-
Ctrl « SiHa-HLA-A*11 : 01 f 5% 145 % 43 5 N (39.8+
13.6) %+ (10.2+3.9) % (9.942.7) % (P<0.01) ; 7£ %k
1001 BTSSR HOR A 2 (71.4%
1.0)%- (6.3£1.1)% (4.8+2.0)% (P<0.01) , AJ I, X}
A RO R VTR A e i R O R
it CRISPR/Cas9 & [K 4 % £ K @i & P J& TCR 1)
TCR-T 4i i , A& B &2 39 56 K5 5 1% 2 50 9F R
HPV16 FHPE ) S 2% SiHa 41 .
3 i

B U f S LI L A B R 2 — W e
BUHPV FREL PRI G155 30 b R IR R A I
i RAERKENEERNZ. FRFBEFER BT
FARTT SO AT 2 B AT MR TT 7 & BN Tk
WY R DL R R B R IR T R AN . R,
TR 2 A RO IR 97 155 2U7E 48 v dk e L 2 F2 LA
Jo 2R B B AR G A A7 R O BONIE K B S0 T
FAIR I H 2 —



- 376 -

F [ R AR IR 9T Ak A, 2023, 30(5)

LK, M G 2 S 1 R T 2 BCATR T SEAR
JE B RS BOAR . HINRICHS R A ZH AT g1
RIS RS HPV16 E6 M E7HUEHMIE ) TCR il %
(1] TCR-T 41 Jfd 68 % 7E & 4 S /)> B398 far A5 28 op O
3 el 968 20 JL 5 SR T I AN BB AV JEC I R AR P9 R .
HBE— 25 1 R R 36 % B, TCR-T 4H i A A 5 358 43
I R IR RS . AW AL R B, A f

CDS8" T 4l ffu Il 5% 1H A e A 28 s Rk % 5 K TCR, H
2 M R 2R 45 HPV 16 BH P 1) B 25095 SiHa 41 g .
UE W & 22 454 2% i) TCR-T 4H o LU 5 1 B8 1) iR
il HL A HPV 16 BH 4 1) 25 2000 41 it , ] Ay ik g 3 e
7 UL A R M HPV 9 55 B P = 800 58 3 $ (16 20T

A
PAM gRNA1 PAM gRNA2
5-ccaGTGACAAGTCTGTCTGCC-3 5'-ccgAGGTCGCTGTGTTTGAGC-3
g -gg}CACTGTTCAGACAGACG,G-S' 3'-gecTCCAGCGACACAAACTCG-5
~ 7 ‘S 7z
R iﬁ 7’ ‘ S~ = ii 7’ ‘
\\~ '/ ~ ~ ’/
TRAC TRBC
B JurkatZf iz
1007 §
80 =
g g
& 601 3
=" 40 E
=20 &
— N —SANEE.NI B s B
-100 0 100 10t 10 E 10 0 100 10t 10 XA FRRAL
A
{JP 100]
] P<0.01
8 £ 100
g 60 g 80
40]
= g 60
24 £ 40
=
04 e r — 20
-10° 0 10°  10° 10 % 0
—> ssC — > ATCRo/B = R Wbl
C CD8* T4
" 1.5x10%1 100 © P<0.01
1410 & .
o 80 = 100
g 1x10° 60 1 5
% 6x105'. g[:
4x10% 5x10° 40 8
x10%] & 20 I
E 0 7 T T ) e 2 o 8 0
A 5x10° 1405 1.5x106 7: 0 104 10% 10° ‘T 0 10¢ 108 XA mRA
06 15105 100+
80 _P=001_
&105-. : 60 ] &
s 6104 . =
% 4x10% 40 4 g
= 20 &
2x104 Eo
0 T T T 0 p
0 5x0° 105 15306 0 100 108 & o
—»SsC ——» ATCRa/B = SRR B

A: BL CRIPSR/Cas9 i A ffikk TRAC A TRBC #E £ it

;B:FCM A& Jurkat 4 AL i I CD3 A TCR [R5

C:FCM K A4 1. CD8' T 41 i 1 N Y CD3 Al TCR 78 i _I (1R I8 7K~
1 3%F CRIPSR/Cas9 ZEE 4r1EH AR AL CDS' T\ Jurkat A EI IR TCR £ [EF



b

118, %% CRISPR/Cas9 fl[%: PN Y5 TCR 3 4 TCR-T 40 i HPV 16 [HE 7 351 SiHa 20 1 (1) 55415

- 377 -
A
CMVEZT VB R.CP P2A o
PCDH-CMV-TCRB-ZA—TCR(:—EFl-copGFP
B Jurkat4Hi A
s P<0.01
= 4x10 4x10™] 4x10* % 100
v
R 3x10™ 3x10% 3x10’ g 80
= s 60
2x10 2x10° 2x10°- ﬁ 40
[8) 6} 1) =
2 1x106%] P1x104 P1x10% & 20
A A A a 90
LR S p— T L — Doy O Lrvseppsmy s o XHREAL e R TCRA
10 0 10° 10t 10° 10 0 10° 10t 10° 100 0 10° 10t 10°
4x10™ 4x10% 4x10* N P<0.01
100
%3 3x10™ 3x10%4 3x10° § 80
= 2x10™] 2x10 2x10°4 = 60
i
% 1x10*4 1x10%] 1x10°] :_5 ;‘8
& 0 L gl bid | ey b | ] 0 el oy | e ! vy T 0 | sadiiy Gl | Lia: oy 6 0
100 0 100 10t 108 160 0 100 100 10° a6 o 100 10* 10 = MR FEHERI TCRAL
———»-GFP ———>CD3 —>  RTCRB
c CDS8* 40
1.5x10% 1.5x10% 1.5%10% < 100
s = P<0.05
N 80
RE 1x10 1x104 % 60
& e
g w10 oo r 4
A A © 20
0 ; 0 8 0
10? 1;‘ 106 o WA B AL FTCRA
1.5x10%] 1.5x104
%33
X 100
% 1x10°4 1x104 j@ %0 P<0.05
1 F e
& %105 5x10%] =
o0
A 40
[ T S— = 0 © 20
10? 10* 10 0 5 0
= Ut >3 S x4l HEETCRYA

A FEHER TCR UM 7R 2 B B : FCM R Jurkat 41 i A 42955 B2 4% YL 2% J2 CD3 Al S Al TCR 7R M fi5E_F [l 3Rk 7K~ 5
C:FCM K& 41 & 1ft CD8* T 4 it 295 B I Y 3% 2% Jx CD3 AL SE IRl TCR 7R i e - 1) 3Rk 7K ~F
E2 Z=RIEFRESEEETTHIETCR B TCR-T 20 i E FE TCR 1 CD3 BFIAKE

N T AR 5 TR TCR P 8 [ 35 3] AR 2R A% 24
AT 5K Fl CRISPR/Cas9 5 [F] 4 48 H7 A il ok P V5P
TCR ) o F1 B A, #4) 5 TCR A 3 ik 1 T 4
f . 8 G PN YR M TCR 5 #% 3t K] TCR 5% 4+ 45 &
CD3, LA J 3% Gy 5 e % i AE R SRR & B TCR —
BAE . & AbSZI & B, CRISPR 3 K 4 45 £ & i
R TCRAMFE T THMMBERE . o, R0
S 45 R BN, JE A YR TCR I T 40 it 1) 4% (1) %8 )
WA HPV16 E7 4t J& 1) TCR-T 41 B GE % = 24 =+
PRI HPV 16 FHYE R F 290 SiHa 21 .

g BT, AW I K AL T RNP JE K1)
CRISPR/Cas9 i [K] 4 45 47 A il £ J6 N 5 TCR KA )
TCR-T 48 A, 7] 7E 44 &b sz 56 b 2 35 4 & B 1) 13 1
HPV16 E7 $t i [ TCR 214 K 3 5% TCR-T 21 Mo 45 5=
PESE ) R RE ). AW FUARAL T s ACHE A 1L
HPV16 E7 $it J5 ¥ TCR-T 40 fia il 1 J5 i, 5 S Nt
W R I ST R S AR A PR L R SRIA T F B
Ak, CRISPR/Cas9 2k K 2 % 43 R st B A ¥ TCR 36
W ) A% 5@ FH 1 3 A8 4 52 4R 08 1) AR 4K TCR-T 4]
LI A, B AR E B PR R 5



- 378 -

Fp [ R 2R i T A, 2023, 30(5)

A TCR1 TCR2 TCR3 B
100 J 100 100 15000 P<0.01
80 ] 80 80
% 8 % E 10 000
40 40 40 i
bt
= 20 ] 20 20 R
= B 5000
0 0 0 ~
L 0 104 10° 0 100 10° 0 10f 100 O
A TCR4 TCR5 TCR6
100 100 ] 1007 0
80 80 ] 80 4{\&% «%ﬁ
éQ
60 60 60 7@_% ¥
40 ] 40 40
20 20 20
0 04 0-
0 10* 10 0 10* 10 0 10* 10
TCR7 TCRS TCR9
100 100 100
80 8 % E FadRa
60 60 60 [ bt A
40 40 40 [ mksdd
201 20 20
01 0 0
0 10* 10° 0 10' 105 0 10* 10°
» R TCRB

A:FCM #& il 9 A6 FE R TCR AE 57 4= 24 CD8* T 41 il A1 P9 5 TCR B4 ¥ CD8™ T
AN 2R IE KT B A4 40 il TRBC %63t S it
3 TWIETCRA TCR-T SR E TCR A7k

BFAERCDS T4

1007

807]

B
= 40
20

7 e
0 10 10°
SR TCRB

TP YETCRFJCDS T4 il

100
80 ]
6077

By
= 40
20

04

A:FCM Kl BF £ CD8” T 4il il FR 4 5 K HPV16 E7 TCR [ K% 7K P F1HF 42 28 TCR ) TCR-T 4 f X ¥E4H B I R A5 68 10 5
B:FCM il CRISPR/Cas9 £ A5 Jo P TCR 1) CDS8™ T 4l A Hr 4% 3 [l HPV 16 E7 TCR (W IE /K K o #R AR B i1 2k 43 fie o

TeT
10* 10°

0
fTCRB

L T R

BN IR 1%

BF A4 T TCR-TH i
100
M siHa-HLA A*02:0141
80 + MM SiHa-HLA A*11:0141
M SiHa-%} R4
60 +
40 b
20 b
0
HEZLEES 11 $EZEE10 1 1

TE NIETCREITCR-TAI i

100 WM siHa-HLA A*02:0141
I SiHa-HLA A*11:0141 P<0.01
g0 [ M SiHa-%} 41 P00l
| P<0.01
60 P<001
40
20

L AT

BERLEES 11

4 TCR-T fAERRFE £ E TCR HYRIKKFERAF I R A FELRARAYD BE



b

1545, 4% CRISPR/Cas9 #iif4: P9 V TCR 355 TCR-T 41 ik HPV 16 PH 4 7 S SiHa 40 1 545 . 379

[& £ xx #]

[1] HANCOCK G, HELLNER K, DORRELL L. Therapeutic HPV
vaccines[J]. Best Pract Res Clin Obstet Gynaecol, 2018, 47: 59-72.
DOLI: 10.1016/j.bpobgyn.2017.09.008.

[2] DEPUYDT C E, BEERT J, BOSMANS E, et al. Human
Papillomavirus (HPV) virion induced cancer and subfertility, two
sides of the same coin[J]. Facts Views Vis Obgyn, 2016, 8(4): 211-
222.

[3] BADARACCO G, VENUTI A, SEDATI A, et al. HPV16 and
HPVI18 in genital tumors: significantly different levels of viral
integration and correlation to tumor invasiveness[J]. J Med Virol,
2002, 67(4): 574-582. DOI: 10.1002/jmv.10141.

[4] ARBYN M, BRYANT A, BEUTELS P, et al. Prophylactic
vaccination against human papillomaviruses to prevent cervical
cancer and its precursors[J/OL]. Cochrane Database Syst Rev, 2011,
2011(4): CD009069[2023-01-01]. https://www. ncbi. nlm. nih. gov/
pmc/articles/PMC4176676/. DOI: 10.1002/14651858.CD009069.

[5] VALDESPINO V, GORODEZKY C, ORTIZ V, et al. HPV16-
specific cytotoxic T lymphocyte responses are detected in all
HPV16-positive cervical cancer patients[J]. Gynecol Oncol, 2005,
96(1): 92-102. DOI: 10.1016/j.ygyno0.2004.08.052.

[6] ADACHI K, KANO Y, NAGAIT, et al. IL-7 and CCL19 expression
in CAR-T cells improves immune cell infiltration and CAR-T cell
survival in the tumor[J]. Nat Biotechnol, 2018, 36(4): 346-351.
DOI: 10.1038/nbt.4086.

[71 HOU B, TANG Y, LI W H, et al. Efficiency of CAR-T therapy for
treatment of solid tumor in clinical trials: a meta-analysis[J/OL].
Dis Markers, 2019, 2019: 3425291[2023-01-01]. https:/pubmed.
ncbi.nlm.nih.gov/30886654/. DOI: 10.1155/2019/3425291.

[8] ISHIHARA M, KITANO S, KAGEYAMA S, et al. NY-ESO-1-
specific redirected T cells with endogenous TCR knockdown
mediate tumor response and cytokine release syndrome[J/OL]. J
Immunother Cancer, 2022, 10(6): e003811[2023-01-01]. https://
pubmed. ncbi. nlm. nih. gov/35768164/. DOI: 10.1136/jitc-2021-
003811.

[91 RAPOPORT A P, STADTMAUER E A, BINDER-SCHOLL G K, et al.
NY-ESO-1-specific TCR-engineered T cells mediate sustained antigen-
specific antitumor effects in myeloma[J]. Nat Med, 2015, 21(8): 914-
921. DOLI: 10.1038/nm.3910.

[10] XIA'Y, TIAN X P, WANG J T, et al. Treatment of metastatic non-
small cell lung cancer with NY-ESO-1 specific TCR engineered-T
cells in a phase I clinical trial: a case report[J]. Oncol Lett, 2018, 16
(6): 6998-7007. DOI: 10.3892/01.2018.9534.

[11] ZHANG Y K, LIU Z P, WEI W, et al. TCR engineered T cells for
solid tumor immunotherapy[J]. Exp Hematol Oncol, 2022, 11(1): 1-
11. DOI: 10.1186/s40164-022-00291-0.

[12] ZHANG Z W, JIANG D Q, YANG H, et al. Correction: Modified
CAR T cells targeting membrane-proximal epitope of mesothelin
enhances the antitumor function against large solid tumor[J/OL].
Cell Death Dis, 2020, 11(4): 235[2023-01-01]. https://pubmed.ncbi.
nlm.nih.gov/32300103/. DOI: 10.1038/s41419-020-2450-z.

[13] ZHAO L J, CAO Y J. Engineered T cell therapy for cancer in the clinic
[J/OL]. Front Immunol, 2019, 10: 2250[2023-01-01]. https://doi.org/
10.3389/fimmu.2019.02250. DOI: 10.3389/fimmu.2019.02250.

[14] ANDERSON K G, VOILLET V, BATES B M, et al. Engineered
adoptive T-cell therapy prolongs survival in a preclinical model of
advanced-stage ovarian cancer[J]. Cancer Immunol Res, 2019, 7(9):
1412-1425. DOI: 10.1158/2326-6066.CIR-19-0258.

[15]JIN BY, CAMPBELL T E, DRAPER L M, ef al. Engineered T cells
targeting E7 mediate regression of human papillomavirus cancers in
a murine model[J/OL]. JCI Insight, 2018, 3(8): ¢99488[2023-01-
01]. https://pubmed.ncbi.nlm.nih. gov/29669936/. DOI: 10.1172/jci.
insight.99488.

[16] DRAPER L M, KWONG M L M, GROS A, et al. Targeting of HPV-
16+ epithelial cancer cells by TCR gene engineered T cells directed
against E6[J]. Clin Cancer Res, 2015, 21(19): 4431-4439. DOI:
10.1158/1078-0432.CCR-14-3341.

[17] VAN LOENEN M M, DE BOER R, AMIR A L, et al. Mixed T cell
receptor dimers harbor potentially harmful neoreactivity[J]. Proc
Natl Acad Sci U S A, 2010, 107(24): 10972-10977. DOI: 10.1073/
pnas.1005802107.

[18] SHAO H W, ZHANG W F, HU Q L, ef al. TCR mispairing in
genetically modified T cells was detected by fluorescence
resonance energy transfer[J]. Mol Biol Rep, 2010, 37(8): 3951-
3956. DOI: 10.1007/s11033-010-0053-y.

[19] LEGUT M, DOLTON G, ALI MIAN A, et al. CRISPR-mediated
TCR replacement generates superior anticancer transgenic T cells
[J]. Blood, 2018, 131(3): 311-322. DOI: 10.1182/blood-2017-05-
787598.

[20] MORTON L T, REJMERS R M, WOUTERS A K, et al
Simultaneous deletion of endogenous TCRaf for TCR gene therapy
creates an improved and safe cellular therapeutic[J]. Mol Ther,
2020, 28(1): 64-74. DOI: 10.1016/j.ymthe.2019.10.001.

[21] Personalized TCR T cells enabled by CRISPR[J/OL]. Cancer
Discov, 2023, 13(1): 6-7[2023-01-01]. https://doi.org/10.1158/2159-
8290.c¢d-nb2022-0071. DOI: 10.1158/2159-8290.c¢d-nb2022-0071.

[22] XUE S A, CHEN Y, VOSS R H, et al. Enhancing the expression
and function of an EBV-TCR on engineered T cells by combining
Sc-TCR design with CRISPR editing to prevent mispairing[J]. Cell
Mol Immunol, 2020, 17(12): 1275-1277. DOIL: 10.1038/s41423-020-
0396-9.

(RS EH#] 2023-01-18 [EEIHE]  2023-04-12
[ASC4iE]  IEE, kb



