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(5 ZE] & &: ifid CRISPR-Cas9 5 K g 45 4 AR S5 RL UL Yedl AR 46 T 410 G e BR R A B ER 3 (TIM3) 22 Rl B i A M
I T bk BT, 3R 3 i bk TIM3 356 [R5 B 75 38 5 T 40 Bl S s Sh e L L PUMORIAE . & et JE I B 442 hTIM3 sgRNA/Cas9 XU
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TIM3 % [N 55 5 S5 T 200 M 40 3 40 P IR -7 7K 7 B AR 4k 5% 195 18 e AGS-EBV A i BE 1. 28 R o6 Yeidh e 8 A R ¥ hTIM3
sgRNA/Cas9 BUTHL 5 1A Z 3 N A LT R EL A, 3G G 3038 - 2500 (41.543.6) % » 225 IR Rl B AR I BN 40.0%~50.0% (1)
P<0.01) ;s 30 J5E XI5 1R 5 DR i B 2L T 40 L 110 164 L 1 A 2 2 TR R DL B S AR 4K, , R TV AL 43 A L HLA-DR 800t HE 40 B\
F 151 (P<0.05) s TIM3 J [H] @B T 40 il 43 i TNF - IFN-y Ff /KT 535 38 151 (P<0.01 B P<0.05) , #4125 95 1 9 AGS-EBYV 41 i 11 e
774 B A5 (35 P<0.05) . £& & T CRISPR-Cas9 3 [K 4 8 K Joi Fin L 2 13 A il 46 A &0 L TIMI3 35 [ i ¥ T 9k EXL 400 B F) 7 v
181 5 ATAT , TEAR A B9 3G 35 AL H AR 35 TIM3 :RKP T 1 9 B B8 e 9 o 3 S22 /KT DL SR s A o 1% — B BRI it
R IIEEDR TR AL A o 5 v o7 SR AL 1R LR
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Preparation of human peripheral blood T lymphocytes with TIM3 gene knockout
and its anti-tumor efficacy

WANG Kangxin, ZHAO Yang, SU Shu, SHAO Jie, WEI Jia, LIU Baorui(The Comprehensive Cancer Center of Drum Tower Hospital,
Medical School of Nanjing University & Clinical Cancer Institute of Nanjing University, Nanjing 210008, Jiangsu, China)

[Abstract] Objective: To prepare human peripheral blood T lymphocytes with TIM3 (T cell immunologlobulin and mucin-3) gene
knockout by using CRISPR-Cas9 gene editing technique and plasmid electrotransfection system, and to discuss whether the knockout
of TIM3 gene could enhance the immune response and anti-tumor efficacy of T cells. Methods: Double plasmids hTIM3 sgRNA/Cas9
were transfected into human peripheral blood T lymphocytes of EBV positive gastric cancer patients by using electrotransfection sys-
tem. The transfection efficiency was examined 24 h later by flow cytometry and fluorescence microscope. The proliferation activity of
the T cells after gene knockout was observed during in vitro culture, and the knockout efficiency and phenotypes of the modified T cells
were evaluated by flow cytometry. Furthermore, tumor antigen peptide was used to activate T cells, and the level of modified T cells se-
creting cytokines and its cytotoxicity against gastric cancer AGS-EBV cells were evaluated. Results: Electrotransfection system could
successfully transfect hTIM3 sgRNA/Cas9 double plasmids into human peripheral blood T lymphocytes with an average transfection ef-
ficiency of (41.5+3.6)%, and the gene knockout efficiency fluctuated between 40.0% and 50.0% (all P<0.01). The proliferation of the
modified T cells was not significantly changed in the TIM3 gene knockout group even after the prolonged co-culturing with tumor anti-
genic peptide; and for the activated molecules, only HLA-DR exhibited significant elevation as compared with control group (P<0.05).
Remarkably, T cells with TIM3 gene knockout showed significantly elevated secretion of TNF-a and IFN-y (P<0.01 or P<0.05), as well
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as obviously enhanced in vitro cytotoxicity against gastric cancer AGS-EBV cells (P<0.05). Conclusion: It s simple and feasible of

CRISPR-Cas9 gene editing technique and plasmid electrotransfection system to prepare T lymphocytes with engineered TIM3 gene

knockout. The expression level of TIM3 was down-regulated in in vitro culture. More importantly, the modified T cells performed supe-

rior immune response and cytotoxicity, which may provide a new idea for gene engineering cell immunotherapy.

[Key words] CRISPR-Cas9; T cell immunologlobulin and mucin-3 (TIM3) gene; T lymphocyte; cell therapy; anti-tumor efficacy
[Chin J Cancer Biother, 2019, 26(4): 374-380. DOI: 10.3872/j.issn.1007-385X.2019.04.002]
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Hb I G 5 I 52, 7 1 T 40 B D) R FE v , WOE AL BT
PR G B ML R TN LI S A A R TR R
P FE T & -1 (programmed death protein-1,PD-1) A&
HAL A (programmed death protein-legand 1,PD-L1) .
0 75V T bk ES A0 AH <470 R -4 (eytotoxic T lympho-
cyte-associated antigen-4, CTLA-4) LL4&, T 4 Jid 4 3%
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TIM3 ) 3 EE R, P& 45 & 75 5 T 40 i FE 25 5
7o TIM3 1 FRIE B T 40 H 4 58 e 1 X i A1
UK, T FH P4 BELIBT TIM3/galectin-9 5 5
I A TR S B AN AR B, YRR A0SR Sk T Ak
ECL 400 P 8 25 RE ™ Dy G IE TIM3 A Ay filv e
PEVRTT R R AT AT R T — 0 A5 e i 4k MR 40 i
FPEIRYT , B FLFI H CRISPR-Cas9 % K 4 4 457 R
ey N A0 JE I TIM3 22 A i ok (4] T bk E 40 B, 9720
FERLFR TIM3 FE D] 5 66 15 48 92 T 40 5 2% D e S i i
FAVER

1 #MR5RE

1.1 fmiatk  dig 47 A B £ 2K 5

N B AGS-EBV 4l H bk H 7 50 K27 B s o /38
= 5 Ji e mh O SIS = W LR A7 . EBV PHME B i (Ep-
stein-Barr virus - associated gastric carcinoma, EB-
VaGC) B AN 1ML 50 ml. A &M ik L4 i 43 125 7
(LTS1077) - Human IL-2.1L-4.IL-7.1IL-15, Human
GM-CSF.LPS.IFN-.Human TNF-a 1 Human OKT-3
.91 (3 E PeproTech A H]) , AIM-V G IfiL i 1 77 ik
(£ [F Life 2 7)) , WP i 4= ML (3£ E Gibeo A 7)),
Anti-human CD3-PerCP.CD4-APC. CD8-PE. CDS-
APC. CD45RO - PE. CD62L - FITC. HLA - DR - PE.
CD69-PE. Ki67 - FITC. CD366 - APC. TNF - .- PE
IFN-y-PE (2 [E BD Pharmingen A &) , QIAGEN Z:

BB TURRH ) & (32 [ QIAGEN A 7)), LB iR
2 5% 5 2 BRI R WP 455 (CFSED L PI( 3 [H Sigma 24
A]), B2 A DHSa (L U RIRAEVIRHEA R A 5D, 5
$i pGL3-U6-hTIM3-sgRNA . pST1374-Cas9-ZF-NLS-
GFP 1 VPA-1002 ({# [ Lonza /A &) , EBV-J# £ 14 i
P )i (latent membrane protein 2A, LMP2A)-A11-340
PUE R i AR AR A FD .
1.2 TIM3 % B 3% 69 T ik & 2m e 69 ) & B L R 3b 4k

F T 17 1 SHU Z520] | CRISPR-Cas9 14 % ##
S7 PR bk O 4 M DR e R ) 7 925, SR Cas9 i L &%
pGL3-U6-hTIM3-sgRNA XU ¥ , LA HL % G 1t 77 A
SN JE I T 9k E2 40 A TIM3 25 PRl o 2SRRI
A N If T bk B2 40 B, 385 SR A€ HLA 11:01 EBV FH
P e 5 AN A I 50 ml, FIF Ficoll % 5 86 & 250
10 B I SR S R 4 L, U B v 4 25 Ak B 40 i
FAZ AN M . W BE A0 B 0N 20 ml 5 4x 5 77 2 (AIM-
V, 10% 54 , Al £h 78 B 240\ GM-CSF (500 U/mlD)
FIEH N IL-4(500 U/mD , B T 37 °C.5% CO, £ 7544
SR I S ML AN DC oMk, WEEE 1.5 h 53R
P 1) 2 A P 56 4 i 7 ik 1 R A % AR 2% 10°
ANl K577, I I\ OKT3 H g BE P4 (50 ng/mDD A1 E
ZH N IL-2(300 U/ml) i) 40 B 38 58 . 78 bk 2 40 i 7%
3 dZE A VB TR R A M B 5 2% LO7/RE , FH A% %
LA (Lonza 11 B, German) AT Ji b5 Gy . % Yeisk
7 A 18 ul 55 443877 B 82 ul Vi 27, 5256 41 (sgRNA
hTIM3 T celD) # pGL3-U6-hTIM3-sgRNA (20 ug)
pST1374-Cas9 (10 pg) BUFUR 3 [F I il FVR A
157 Ja AT T bk 40 i fEL S B, X R 2H (Control T
cel) H#E N pST1374-Cas9 Fi k. HIFELE R G, KM
A0 B o ) T H F A TR R FR R 6 FLAR , 37 °C.
5% CO,¥F 3240 T 8535, 24 h 5 I 0 20 M ASORS: ) 7 e
KR IF 9O A 5%, Y T S I L 4H L2
(100 U/m1) +IL-7(10 ng/mD F1 IL-15C10 ng/mD .
MEE RS 7 d HBUCH R A A CDST 48 i .CD8™ T
Y MR T TIM3 JEF R IE . LI E R 3K,
13w B R4 CTL min) ik

P B 45 TR U 48 S 19 2H AT 2 i 7 R 4k ks
7%, W BE4H B in X TNF-a.(500 U/ml) . IFN-y (500 U/
mD) F1 /i %1 it & E2 (PGE2, 50 ng/mD) i 5 DC il #4 .
DC #44 %, N\ 10 pg/ml EBV-LMP2A i1 % DC,
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37°C.5% CO & 5h. MIMEZMEHIDCEHEET
HALA 1210 I LU BR A 3577, B G 4 Al IL-2. IL-
7 J IL-15, AR 4t i AR A 10 2~3 d b 70 37 6 1 855
FRAEEMYN M F 7R 7 d 5, BRI R
LMP2A () DC $57% 7 do  PA_EHU 45 57 M CTL 41 /il
FEs IR 4T 2~3 %0, 7 d N— 5B S M. B3R5
1371421 R MG F7 0 A W B S48 BN 0.4%
WE VAV, A5 3 min A I BR B0 22 9 1H 50 4

i gl
1.4 AKX wmfa KA THE @8k A R e BT 5
wk K

A B B R A 5, TR A A % R & 2% 10°
AN B I EiE 5 F 200 pl pH 7.4 1 PBS H &, N
NS Rl S HUR bR IC 4T B , 4 °CI8E Y Y4 €4 30 min J5 i1
A2 ml PR &b geth, B0y, 37 3% J5 A 200 ul PBS
L, A ORI T 4 Al 7% 24 R L4t it L1 /K
-, 3 F Flowjo B AR Akl g5 3 . SE90 5 3 1K
1.5 CFSE/PI % & i Xt jo K A& M| T #k &, 2 fio 3t
AGS-EBV %@ Lty R b A5 ik 7

K F CFSE/PLARCIEHAT A A5k, LLEBV
B 1) 15 8 20 i 32 AGS-EBV 1 N #E4H 1, Control T
YL 5 sgRNA hTIM3 T 40 /F S vamie. &%, %
SLERA AL 53 10° AN/, 1L e R EE 5011001
2001 AT 4011 N &N 41 e, BE JE N KR FE N
4 nmol/L /] CFSE, T 37 °C## & 10 min, I\ K& &
BRI b et WA IR FRE I T 400, 58 4
B 97 3 B 0 5 T R 5 109N /mle 4% T8 1 2% 5
ECIn N 28087 48 i A CFSE bR BB 4H i, 75 CO 35 77
Frp 37 °CILMEH 6 ho ARG B B 0 JF 5 LI

Wio K20 E 2T 100 pl PBS 1, I 285 Bk
% 50 pg/ml (1) P1, 4 °C## 0% & 15 min, I KHF &
B b et B0 2 VR S ) DAL A0 L
4 i 212 T 200 pl PBS H, FH L 24 M ASCRS: URT 23 A
iR SEIE A 3R
1.6 %ita

K H Graphpad Prism 5.0 4t v 22 5 AF 34T i Ak
o P2 ss Kon, H I HLECR A i .
PA P<0.05 8% P<0.01 %2 57 A Gt e o

2 & R

2.1 AR A TIM3 2K R 3%k 69 A Sh B fo TR E 4m i

F pGL3-U6-hTIM3-sgRNA LA & pST1374-Cas9-
ZF-NLS-GFP P F i fL HEL 3% 24 h i, HUCHS 38 25 41
g NS B B A Ky GBS, IR
TED GBI N ERTE S 1Y 1 41 A A o] DL 2 €78 Sl B
HIMZRIE (B 1A o 3 — P50 TIM3 J R 4% G K fi
FRACR (K 1BC) , EBV A4 B ¥ 835 41 ik B2 40
U5 A 3 B G 2 2 5P 35 0K B (41.5+3.6)% » 5 %)
HEODT R L Je A PR 22 | BB St R (=98,
P<0.01) . fE}FFFBIEE 7 R HCH 4 Control T ZH 4H
Jfd, CD8T 4l e .CD8'T 4 i 3 il TIM3 32k L A7 53331
N 11.7%+86.0%, Tl sgRNA hTIM3 T £H 40 il TIM3 &
TR KT I 48 e R /N o6 REZEL, HLDLCDS'T 41 i
FTH TIM3 5 KR i o8 3, R IA B N
45.0%. Giit4i RS r, CD8'T 4 i TIM3 & [A i &
RPN AE 40.0%~50.0% , 5 56 8 2H T 41 g Lh i =
FH SR L (=10.9,P<0.01).
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A: Morphology of lymphocytes observed under light microscope and fluorescence microscope after TIM3 gene knockout;

B: TIM3 gene knockout cells examined by flow cytometry; C: Statistical diagram of lymphocyte transfection efficiency and
TIM3 gene knockout efficiency in CD8'T cells
1 TIM3 EFRFR G M B RS R 2 A LR R LR
Fig.1 Comparison of lymphocyte morphology and gene transfection/knockout efficiency after TIM3 gene knockout
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2.2 TIM3 A B 3k aF AT 0 J6 69 38 78 3 1 R F &
AT R 7R

F EBV-LMP2-A11-340 ${ Ji ik 51 8Pt 7 52 2 40
W75 5 CTL 14177 728 A0 41 B DA 4% 5 S e e %
DRI 7t o 377 0 v S 200 PR 11 38 B Vi 77 3283
R, WA R B ERE KR iIP S R K
LN PR IR G G, 55 7R &2 10 d LS BE R T
15 1< 108N A b o 17 AN [R) IS T] R v 250 25 40 i 450
7N » sgRNA hTIM3 T 4 41 s 4% Control T ZH 41 i % H
WS A3 2 o U A M AR I 40 L N K67 & RO
sgRNA hTIM3 T 41 21 Jifg 48 58 3% 1% %% Control T 2H 1§
9, H 22 F B ST R L (=4.3, P>0.05; K] 2A
B) . il 5 0 9 2E T bk 2 48 B I 112 2B 4 PR ) B

1 DL S 3% A 7K A1 25 43 il ik AT EE A (& 3A) 5 sgRNA
hTIM3 T 2140 1 F1 Control T 414 i AH L , CD3*T 4
EL 451] 341 15 43 1E 80.0%~90.0% , H: H" CD4" . CD8* T 4l
i F) B A5 A B B AR AR (1=-2.2,2.3, 8 P>0.05) . T
L 2 TR IS A ) — 28 3 T AR B I HLA-DR A T 15
(=-4.4,P<0.05), 1 CD69 %5 4r T KB KT RE K
XHEHAFRA S, HER LSS E (=21,
P>0.05; /& 3B) . 1 YLid 12 B T 40 g (CD45RO"
CD62L") ) Ee 5] , Control T 4140 g 9 (10.4+2.3)% -
sgRNA hTIM3 T 2040 ffl Ay (15.4+2.3)% ; 111 B8 ic 42
AT 21 Jity (CD45SRO"CD62L) [ Eb 451 43 51y (33.8+
3.00%- (24.1:1.2)%, i LLI ZE R TR 2EE XL
(+=-2.7.2.3,3 P>0.05; K1 3C).

A B
Control T cells sgRNA hTIM3 T cells 50[ —e— Control T cells
e —e— 5gRNA hTIMS3 T cells
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A: Lymphocyte proliferation capacity determined by flow cytometry;

B: Living cell count of lymphocytes on day 1, 7, 14, 21 with trypan blue staining
&2 TIM3 EERRR S itk B 4 A IE5E 2 I EE R
Fig.2 Comparison of lymphocyte proliferation capacity after TIM3 gene knockout
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% , Jf H sgRNA hTIM3 T 4140 it TNF-o. IFN-y 43-ii
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3.1)% ,t==5.1,P<0.01; (33.0£3.7) % vs (19.0£1.5)%,
=-3.8,P<0.05; Kl 4A], $2/~ TIM3 B: Kb G 8 T T
I B 4 R A0 I 7 A T i ) 4 A 9% Y 2 KT
CFSE/PIfR#h % 5 45 B & 7K, Control T 4 Jf Xt
AGS-EBV 41l ffd 7 153 fig /7 #2055 , {2 sgRNAhTIM3 T
YA TR R T e He A ) G B A A S TIMB 431
SECATIR 4TI ) §E 77 52 1 5R(E 4B) , HTE S
10: 1.40: 1 RAELL BB T  sgRNA hTIM3 T 4H g %f
AGS-EBV i g (1) 5% 473 & 7% Control T 4 ifd 2. % 2
& (=—8.6.-8.8.-7.2, 3 P<0.01) ; T £E 288 LE. 9 200 1

i, sgRNA hTIM3 T 4f g th 2 7~ tH 5 4F 1 4k 4h 25 A
Fh (=-2.8,P<0.05) . IR SLUG 45 JLAE 5L, TIM3 %
Rl E T LA 5 T 4 B Dh e AE s , A8 L piioRg g /1K
KI5, 1M sgRNA hTIM3 T 4 fifg 7] LA # %o H i 52,
T 2 v 3% 9 e 8 4 ff %)
3 1 it

et B T VEANE N — TR Bk R R S IR T
S H 2 % 7 Sk A B LI S A A AU T PD- 1S
CTLA-4 %5 5.0 B A O 4 36 [H FDA L dE A T I IR
G PR ZR L AR /N2 PR B T Ak ELR L Sk B
R B R DA PR B b RIS R YT AR T Sk
96 T BRLFH G A A R AR R I B SR AT AR
KT, HALHEES W 75 P 11— L& i 28 286 1 PD- 1
CTLA-4 BHWATT FE AU, X it G BE i 52 0 5
RS S TG Tl s & ke 2 A i
FH IS o AL 458 G 928 4G 1 A5 TIM3 5 (R 3l R 08
Jo A Gal-9 38 B 4 5 iE A TIM3 R 1 i
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53 S A A AL 4 T - $0 CD4'T 48 SV 4 Th
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70020 i 33 Treg A1 MDSC K& 16, [HH5 DC i1k
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WU R0 I8 S , BELIBT TIM3 A5 -5 BB & AL 22 HAth
oy [ AT 5 R AT R ) R A . R HE 1A
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“P<0.05 vs Control T cells
A: Comparison of CD3, CD4 and CDS subpopulation of the lymphocytes after TIM3 gene knockout; B: Comparison of activated
molecules on cell surface after TIM3 gene knockout; C: Comparison of effector memory T cells after TIM3 gene knockout
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Fig.3 Comparison of immunophenotypes on lymphocytes after TIM3 gene knockout
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A: Cytokine secretion in control T cells and sgRNA hTIM3 T cells detected by flow cytometry;
B: Cytotoxicity of control T cells and sgRNA hTIM3 T cells at effctor target ratio of 5:1, 10:1,20:1 and 40: 1
examined by CFSE/PI double staining
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Fig.4 Comparison of cytokine secretion and anti-tumor efficacy of T lymphocytes after TIM3 gene knockout
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FH T CRISPR/Cas9 & K] 4 5 45 A B AT #1814
FSC Tl 26 8 o ik DR R A ol R o) 5 000 5, A 98 AT
CRISPR £ 4t 61]3& P 1 87 FH T oRg it 75 A, B A %4
AR AT SZ I TE DNA /K P B 3 R Bl 2% 55 R i B 1) B
(R4 o T 36 Ik Ja AT 20 8 5 R W ok AR A T T 40 M B 1)
G B A 153 AT T 2 G B Tt 52, 2 U0 o) e 8 AR
UF ) SRmEE0 s b, ACHIE 9T [4] A ¥ v ik CRISPR-
Cas9 JE [F g 4B H A 2 N\ AP I TIM3 J& R @R 1 T
PR ELZH A, Rl I — R PR AL SR T R R TIM3 2
BRLJ 14 T 40 i % % Dh e AR A S L g Th k. 45 231
HIE SR FH HL % L3 B 5 A A0KF hTIM3 sgRNA/Cas9
BRI R 3 A 2255 NN A I T bk EEL A i, 48 97 Q]
AL N G 85 26 P 300K B (41.5+3.6) % , 2 PR il B
R BN AE 40.0%~50.0% (15 P<0.01) ; 28 B %% Jiii K
S BT bk L BRLAE AR A0 70 D B2 52 200 R 1% R 2 )
R S BB CRFF AT M BG 5 v P, SR B R R T 4
40~50 1 , 3 HAEWS (R 3 TIM3 3 K 38 /K7 1 1 i
ANFEIE) 3 G % R AR A

T3 A U 5 2H [ 9 EBV FH 1t 5 9 48 h 5L K
I, EBVaGC e 24 23 v i ik PR 32 08 # B o, i
Jo IR BE [A 1 8 2K )% - 14 (tumor necrosis factor ligand
superfamily member 14, TNFSF14) . F5| W fi% 2, 3 XUl
4 1 11 2 (enzyme indoleamine-2,3-dioxygenase-1/2,
IDO1/IDO2) \HAVCR2(TIM3) .CTLA-4. T 4 Jifs % 2%
BR A& E A ITIM &5 #4388 3 (T cell immunoglobuin
and ITIM domain, TIGIT) .CD80(CTLA-4 it {4 DL &
PD-13X 8 AN G B A 7 ot JoE [l (1) Rk BH R 3 /=y, 1T A ol
T P55 T 52 IR B IR T J il £ 7 bt 5 e 5 14 CTL X} EB-
VaGC 4H Jitd i) 545 g 7127 i HAVCR2 (TIM3) f |
R AL AAS R B0 bR % L I ELA SRR 1%
PRl Rk 5 B e B 7 AU e 2 A OG . ok
W FL Al 2 512 TIM3 &= A 38 (9 N EBV FHE 5 &
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