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KRENHITIM-3R 1L 1EHRORIER S LR Z 4K
IR TR E R RN

EEA BHE A% HEEF KL HEN RBERT Hm 2R
(IR A fr B IR A T A3, J5 0N 2150005 2L 75 TE K A4 dnBEE 22 5%, 48:0H 221116
SEBUR2E N R BB 98 Ay, RV 430060; 1 #F R R K22 A FE TP AE 2B, B 5T 100069)

WE  ZIERIT T T@lt &R %& 8 45% @ 3(T cell immunoglobulin and mucin domain-con-
taining protein 3, TIM-3)3 B 5T EKAT ¥2.5) ROR 1 49 4%~ 40 /8 AR (ROR1-CAR)ME4F 649 T 4m il 3 78 Fw 30
PP I8 5o, oL B0 % oe B AAE R L. i@ id48 £ & RNA(short hairpin RNA, shRNA)A F Lk KK
2474 TIM-3Z£ROR1-CAR T#mfie.F ¢4 &%, KA qRT-PCRA= Western blot 52 3244 TIM-3 £ mRNA
Fo k8 KT 49 FSE M ML K8 ELISA 5230 304E TIM-3 3 R 5L 2K 49 ROR1-CAR Tém st ¥esm fin ey 545
88 A 69 %ok, R X 0 EAS M B — I AE 47 I TIM-3 R A AT ROR 1-CAR T 4@ JieL 64 ¥e.18) Fc4% A 30 R AR
MG IAE A 0%, 4R BT, shRNA 2374 TIM-3/£ ROR1-CAR T4 F 69 % ik, 2 1%
"M ROR1-CAR T4mftLe B 4 b And 78 7% b ; i@ i3 460 X FLROR1 B 69 A 45 ) & 4m e 2 SW6204 ik
5 7K 64 TIM-3 Bk — F FL#t & 9(Galectin-9), iZ BeAR =T # 44F Bl F ROR1-CAR T#mjt i £ 4% %,
FRRBEAER . B9k, KEATH TIM-384 & X423 T RORI-CAR T2mliLad o RAR AP 84 tm L B 7
ARG IE, B, IR RORI-CAR Ttk & 9 TIM-35 i 95 28 it Sk R 49 Galectin-9Z 7] #4948 Z4F
A ¥ A 3438 3 ROR1-CAR T8 864 L 95 75 1 .
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Long-Term Inhibition of TIM-3 Expression Potentiates Antitumor Immune

Responses of ROR1-Specific Chimeric Antigen Receptor T Cells

XIA Yulong', JIANG Jihong?, JIN Xin', SHI Chunqing', ZHANG Xiaodong', JIANG Jinzhou',
SONG Qibin3*, CHEN Rui**, WU Jiong'*
('R & D Department, Suzhou Everhealth Biomedical Co., Ltd., Suzhou 215000, China; 2School of Life Science,

Jiangsu Normal University, Xuzhou 221116, China; *Cancer Center, Renmin Hospital of Wuhan University,
Wuhan 430060, China; *School of Public Health, Capital Medical University, Beijing 100069, China)

Abstract This study aimed to investigate the effects of T/M-3 (T cell immunoglobulin and mucin domain-
containing protein 3) gene silencing on proliferation and antitumor immune responses of ROR1-CAR T cells and its
mechanism. shRNA (short hairpin RNA) targeting TIM-3 was employed to knockdown 77M-3, and then the expres-
sion of TIM-3 was detected at the mRNA and protein levels by qRT-PCR and Western blot, respectively. ELISA
experiments verified the effector cytokines production and cell killing effects of TIM-3-targeted ROR1-CAR T cells

on target cells. Finally, antigen-dependent cell proliferation was validated by flow cytometry. The results showed
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that TIM-3-targeting sShRNA could significantly inhibit TIM-3 expression in ROR1-CAR T cells, while T/M-3
knockdown did not affect the percentage and proliferation of ROR1-CAR T cells. ROR1-expressing SW620 cell, a
human colon cancer cell line, secretes high levels of Galectin-9 which could directly inhibit the immune response
of RORI-CAR T cells. In addition, long-term inhibition of TIM-3 promoted ROR1-CAR T cell antigen-dependent
cytokine production and proliferation. In conclusion, eliminating the interaction of tumor cell-derived Galectin-9
with TIM-3 on the surface of ROR1-CAR T cells can enhance the antitumor activities of ROR1-CAR T cells.
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1 RI5RE 80%HT , FHBEEEIN AL, 1:3464%, B T-37 °C. 5% CO,
1.1 ## FE RS TR IS .

L1 @iz ANRIEARE 40293 TAI293A. A &h 1.2.2 CAR#ZHME) 4% AT 4 HE H RORTHY

[ 4 SW620 A AE/NAH i fifides 40 g AS49. A
B L 41 L SKO V-3 A HE/IN 4 i fil e 201 g NC1-
H1975. A&7 418 LoVolly 1 35 [E ATCC; 4
I H N % 40 B2 (peripheral blood mononuclear cell,
PBMC)>k B Fifg 7 5 = e i 4g FRAA IR

1.1.2 225 /NEAPTUAGAPDHER b f£(ZG003)
Pk FITCZOEhRE IPT A TIM-3 558 B (1E3)hif4 |
CellTrace™ CFSEZAHfI4¥RL, % 44il7f Lipofectamine
3000, T AL REER CD3/CD28 Dynabeadsi i
El 3% [E ThemoFisher/A &) ; PE# Y6471 [ Protein LI
H AL G EHA BR A 7 PEZ Hbrid FIFTA
ROR1H.5d FEHUAA I H 55 [H Biolegend A 7] ; HRPHR
WML EPUN R 1gGE B A P A2 S AEMEARH
PRAF]; BN IL-20W A R SR A R A
PBRAT] 5 N IL-2F0 IFNyRG IR G2 W B I & (ELISA) IR
G B BN BRI AR B A G BR A FLER I
BN B E A (LDH cytotoxicity assay)it7l) &2
H B3 = RAEWHARA R 2 7] ; NucleoSpin RNA
FEEGRA T & H 48 [ MACHERY NAGEL/A 7] ; PCR
510 B FR M LR A PR I A IR 2 ] 5 Prime-
Script RT Master Mixi¥i 4% 57| & . One Step TB
Green PrimeScript=Zi 2% ) 2 & PCRIAF & W H H
A TaKaRaA 7] ; ECLAL 2 R OEAS IR & H 35
Biological Industries/A 7] ; pLL3.75Uki 0 H b 5t 9578
B AR R A F]; DMEME HER; 736 . RPMI-
16405575 5E . G4 iE W E 35 [E Hyclone /A 7] 5 kL
20 43 25 i Ficoll-Paque gradient centrifugationd H 52
GE Healthcare’A ] ; /NFHLRNA. shRNA DL A A
G| W85) I G ME R AR R A BR A 7 R

1.2 753k
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H R R I FI2KIE R 5 98, A% Tk 34

CAR, FRAT I8 Ik Wk B 1 i 7~ 52 A 9 3k 3R 73 4 N U8
15T N ROR 1 BEHAE (SCEV)F 1. SR I K RHL
5t (kozak) 7 ¥, CD8f5 FJiKJ¥%1. ROR1 ScFV/)¥
H|. CDSEHEIX ). CD28ES I [X Al P [X FE 41«
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iE. shRNA[P)FRIA 218 i Ak b 1 U6 s 811 il
f). H4HEE TIM-3 /) shARNAFI ROR1-CARFE [ F Bt
Ti % 2 pLL3.7-U6-EF 1a-MCS 18955 25 44 i ki 1
123 fmpedsd: 293 TE293A4H0 L2x10%7/mL
()5 FEFEFN 2210 eon 4T AR R 0L, A5p 200 235 P 21 70%
FEATRS AT Y, . $% 08 Lipofectamine 300015 B 52515
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%1 qRT-PCRE|¥F7%!
Table 1 Primer sequences for qRT-PCR

B[R 44 B SRR A(5'—3")
Gene name Primer sequences (5'—3')
TIM-3 F: GAA GTG GAG GAG CCC AAT GA
R: ATG GCA TTG CAA AGC GAC AA
Galectin-9 F: CTT TCA TCA CCA CCATTC TG
R: ATG TGG AAC CTC TGA GCA CTG
GAPDH F: CTG ATG CCC CCATGT TCG TG

R: CAG GAG GCATTG CTGATG A

T4 °CH# 530 min, H§L a2k e, Eid N
75 8 0 A A CytoFLEX e S 5048 . B4l 11 20 b
IS FlowJoB 58 e FTA AR EE, $
Po RIS T3 AL H R S

1.2.7 @mfe R FA LB A B AT T
Jiu. RORI-CAR TE{TIM-3-sh3 ROR1-CAR T4l 55
SW6205X Galectin-9% i 55 1 SW620(SW620°9-)
Y2 I8 S 1R EL el 2 96 LA R, CE T 37 °C.
5% COIREFE4H R 5 24 ho $2IEELISAIR &A1
FLIR i S B (lactate dehydrogenase, LDH)4H il 75 P45
IR G U6 A 15 B R D BRI AT R A A I, JE
B RS HO G BE (DY, FF Hoas A vt th 42 11 55
IEF I IL- 2R IFNyIR o A4 LDHARF S A 3k
R DME, @ A R (%)=(F b FLDIE —f b
ZUARFL DB )/ B K ZRFL DI < 100% 11 5 Hi 2508 4 i
o SR i PR SR 2

1.2.8 ¥etmfo i 55 24 CellTrace™ CFSE
2 Hf Gk U B A5 o A B A AP R bR 1 AR K
SW6204H I, 4> A4 T4, ROR1-CAR THITIM-3-
sh3 ROR1-CAR T4Hf 5 CFSEFRIC I SW620§% 8 1:1
BT 96fLAR A, JHUE T-37 °C. 5% CO.[IE5 7= 46
I HE . 24 hfE WS4 M7 PI e AR kil &2
I I 4R B4 ¥ FL1#E TE 7347t CFSEAR 12 1 SW620
YA, 351 7E CFSERH M 40 i 3 7 2 B PIRH 4 410 i
(CFSE/PUXUBH PSRBT o 1 A5, 12 A5 B R 3% 4
FLET &3 R 43 L

1.2.9 Wohmppigsasem  $%HECellTrace™ CFSE
2 Jf 5 0B A TR 4 4 2P IR ROR1-CAR Tk
TIM-3-sh3 ROR1-CAR T4H 47 4t , FRks CSFE
FriC ) ROR1-CAR T&{ TIM-3-sh3 ROR1-CAR T4
Hil 5 SW62058 SW620*ROR A i 4% HE 1:1 /1 E 471 #2
R 96FLI T, FEFRIEFAEIL-2, IE T 37 °C. 5%
COMIBE 7756 E 72 ho. WIKCSFEARCHICAR T

S L ol o gt A B A R s L 4 i CAR T4H
L PRI D5 A i 2 28 L 155 40 o
1.2.10 qRT-PCR#7  WUERAS[R] e 41 i Bld it
Wik 59 1 B CARFHPE ) T4, FH NucleoSpin
RNAF G FEHUS RNA, 42 16380 5% 538751 £ Prime-
Script RT Master Mix it B 45 (#8425 K 1 pg
RNAIY % 5¢ il cDNA, H One Step TB Green Prime-
Scripti® 77l & 15 B 1 ) QRT-PCR e W F2 5 (95 °CA%
PES s, 60 °CiBKFILEMIHE30 s, H T 40 MG )KL
Galectin-9F1 TIM-3¥) mRNA/KF, UL GAPDHYE )y
Z. 5IMIFAIEL.
1.2.11 Western blots#1  WEEHA, I 100 pL2
FRPR AR 1, BCAVEAS I 2 11 5 ARVR BBE, XS0 pg
BEA, IS &AW, 100 °CZ& S min,
T-10% SDS-PAGE#EKH1 73 B, A5 1E210 mA
TEIR A PTG, ¥ A% 2 PVDFE |-, A
S% AR TR = I 2 hJE I 1:2 000FFE T —Ht,
1E4 °CHF B R, 22K TBSTYRIR3YX, K10 min
PLERRIF B PUAR, TN 1:20 00055 F% I HRPARIC ) —
Pt, FIRWEE 1 h; B TBSTHEE3IX, £F4K10 min, [
ECLAL 2 ROt T Wt
1.3 SiEaH

PIREAR B 2 A1 bR F A 56, ZREARSSME
Z A EE ORI R  Z 0. BT Geit e i
F GraphPad Prism 9.0.0% {4 (GraphPad Software, Inc.,
San Diego, USA)H#EAT 4b3 . A SLIG3s i B A 3R,
P<0.05FERNEAREEESR.

2 HFHR
2.1 TFIEHIHEITIM-3FRIA MR & ERISIRNAFS
# & TIM-3;2AHIROR1-CAR T#AR

N T HBRTIM-341 3 S i 52, )£ TIM-3%%
[RIUTER A RORT-CAR THIME . FATE S it 6 Ak
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BRI

T = FpEEA) TIM-31) siRNA(TIM-3-siRNA1/2/3), [A]
IS} 25 0 R SIRN A (siRNA-NC)(762)0 38 i J5 4
Gt BT siRNA 1% 243 € I8 TIM-3 (1) 293 A48
1 (293 A-TIM-3) 1, FH LLSGIE A6 EEAS [R] sSiRNA X
TIM-3FRIENH| R . 2R R, TIM-3-siRNA3
XF TIM-3 ) DT B A R B B (B TA) . BRIk, R
5 TIM-3-siRNA3 Ml siRNA-NCHJ FE 41 73 it 1

shRNA, # F 5 5l i 4 N TIM-3-sh3 f1 sh-NC(F 3),
JERIEE T # A ROR 1) CARTEIF FE 444 (9 1B). &
106 B 4 5 TAH AL AT il 2% HE R 08 sh-NC A TIM-
3-sh3ff)ROR1-CAR THHfE. B&4% )5 5 6 Kkl CAR
FH 1% TAH AR ) g, & IR ik sh-NC[) ROR1-CAR
T E 5 LiE 3] T 35.1%, i # ik TIM-3-sh3 [
RORI1-CAR TZHJ 7 b oA 40.4%, ZHEAE L 506K

&2 NFHRNAFS
Table 2 Sequence of siRNA

/NTHERNA A5 3"
Small interfering RNA Sequences (5'—3")
siRNA-NC TTT GTA CTA CAC AAAAGTACT G

GGA GCC TG TCC TGT GTT TGAATT
GCC TCC CTG ATATAAATC TAATT
GCA ACC ATC AGA ATA GGC ATC TAC A

TIM-3-siRNA1
TIM-3-siRNA2
TIM-3-siRNA3

*) < ®)
> Y'\ ) >
' @Y* ' @ ' @Yv ' @Y*
. promotor 0 ScFv hinge - i
TIM-3 m - sh-NC RORI-CAR

943

promotor

Anti-ROR1
ScFv

IM—3—sh3 RORI-CAR

CD§

hinge

TIM-3-sh3 ™ CD28 CD3¢

GAPDH ”" .

©)
Un-transduced T cell RORI-CAR T cell TIM-3-sh3 RORI-CAR T cell 1004
Gy ns
5 S
1.6% 35.1% 40.4% R
g 3 —_— —_— 2 5
g g +o 50
g i
20
[_1
1007100 100 100 1010100100 100 100 10'10° 0=
CAR positive cells Q:& B Q_&
o @7’ o
S
Q.
S
(D)
9001
—o—Tcell
- —e—RORI-CART
2 —e—TIM-3-sh3 RORI-CAR T
g
=
54507
E;
E
e
or T T T ]
0 2 4 8

Days after transduction /d

A FIHR I TIM-3 (¥ siRNA B I sIRNAS: 42293 A-TIM-3411/#, 48 /i Western blotsI: 56 46 Il TIM-3 8 [ #34 /K F 2814 B: FIATIM-3-sh3 54 i
sh-NCHJ %5 “AAROR1-CAR MM 7R B &) C: VR AN IR I CAR B R4 LU ; D: A0 T ZL . ns: TTRFE R .

A: TIM-3-targeting siRNA or control siRNA were transfected into 293A-TIM-3 cells, Western blot experiment was taken to detect the changes of TIM-
3 protein expression levels; B: schematic representation of a second generation ROR1-CAR expressing TIM-3-sh3 or sh-NC; C: the proportion of CAR
positive cells was detected by flow cytometry; D: cell proliferation curve. ns: no significant difference.

El1l TIM-3EEREZRHIROR1-CAR TZRAEH &
Fig.1 Generation of ROR1-CAR T cells with 7/M-3 gene silencing
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BF BB SRR (E1C). NI FE S0 R I,
15 sh-NCAHI TIM-3-sh3[{JROR1-CAR Tl fl 1EH
Tt (1 184 5 P 30 A I S X 53 (B D). DA 5258
SRR, i TIM-33R XA 252 ROR1-CAR T4l
FRL P B 051 K 40 it 284 A
2.2 7 shRNAEE BB AR 7] B RHNHI TIM-3
7ZEROR1-CAR T#Af I RIE

TIM-3 S50l 1 G 2 A6 7 1 0 T AR AR 7E TAH
WA R RIEI S FR . ik, BATEN 725
CD3F1 CD28HT A 5B (1) R Bk 35 Ak 1) TR AR H TIM-3

[FIEME . S5 R R, TN 6K 5 TIM-3FH
PEELIL 2 88% LA L, M5 Bk 5 15 KIYYERFTE
e KT (K 2AFE 2B). |3k TYH M AL 78 [F R
FECAR TR HI % I FE . KL, N T PP TIM-37E
CAR T T 2R, AT A 24t g =5 56 s )
T8 5 6K 9 2215 sh-NCHI TIM-3-sh3 ) ROR 1 -
CAR T4, Z53E7R, ik TIM-3-sh3 [ ROR1-
CAR THHAEH TIM-3 ) FR1A 7KV B A T2 18sh-NC
FJROR1-CAR T4iffi, H X TIM-3-sh3/#] ROR1-
CAR TH TIM-3BH 20 1) b A5 2. 35K T %0 B 4 4

*®3 HLETIM-38952 % RRNAFS
Table 3 Sequences of shRNA for targeting TIM-3

JH K JERNA FA(5'—3")
Short hairpin RNA Sequences (5'—3")
shRNA-NC F: TGG AAA GTT ATT AGG TCT ACC GTA GAT TCA AGA
R: GAT CTA CGG TAG ACC TAATAACTT TCC TTTTTT
shRNA3 F: TGC AAC CAT CAG AAT AGG CAT CTA CAT TCA AGA
R: GAT GTA GAT GCC TAT TCT GAT GGT TGC TTT TTT
(A) (B) ©)
100 RORI-CAR T TIM-3-sh3 ROR1-CAR T
Gy
S
- 88.3% g@ L 79.2% } 6.1%
: 2 250 .
O 2 ln 3
s @)
‘}::) —
=ia
= " T = 2 0 g T T T
10° 100 102 102 10 10° 509 06 10°710° 10 105 10° 107102 10° 10* 105 10° 107
5 v N
TIM-3 PP S o TIM-3
(D) (E) TIM-3 (F) & %&Q;&&
. 100 4 g X
“ . & Oy
= *okk g k% QQ Q~O
= =
B e 2 TIM-3 r!
2% £
& 250 £ o
58 5 GAPDH “
Q (5]
5] 2
= E
S =
& &
0- < y 0"
w w&g&& &S
NS F Xy
> NN N SN
< < L QQ

A U RS T A 5 56 R BT ML TIM-3 ) 4R 16 B B: i A5 T AL T TIM-3 34 92l &5 42 4k; C: ROR1-CAR THITIM-3-sh3 RORI-
CAR T I TIM-3 2635 7K F; D: ROR1-CAR TAHITIM-3-sh3 ROR1-CAR T#H i h TIM-3 B ¥ 40 AT EE45il; B+ F: qQRT-PCR I Western blotS25:
53 SKLMROR1-CAR TAITIM-3-sh3 ROR1-CAR TZH A HH TIM-3 [FImRNAFL K -PFI 2K (1215 7KF; ###P<0.001, 5ROR1-CAR TZAHAZALAR L .
A: flow cytometry detection of TIM-3 expression in T cells on day 6 after activation; B: dynamic change of TIM-3 expression in T cells after activation;
C: expression levels of TIM-3 in RORI-CAR T and TIM-3-sh3 ROR1-CAR T cells; D: the proportion of TIM-3 positive cells within ROR1-CAR T or
TIM-3-sh3 RORI-CAR T cells; E,F: the transcription level and protein level of TIM-3 in ROR1-CAR T and TIM-3-sh3 RORI-CAR T cells was evalu-
ated by qRT-PCR and Western blot, respectively. ***P<0.001 compared with ROR1-CAR T group.
E2 #[E TIM-3{shRNAT] A3 HIHIROR1-CAR TZRAEH TIM-3/) FRiE
Fig.2 Efficient TIM-3 inhibition in ROR1-CAR T cells by TIM-3-targeting shRNA
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A: expression level of RORI in different tumor cells was determined by flow cytometry; B: different tumor cells were seeded into 6-well plates at

2x10° cells/well, and the secretion level of Galectin-9 in the supernatant was detected by ELISA after culture for 24 h; C: mRNA transcription levels

of Galectin-9 in different tumor cells were detected by qRT-PCR.

[E3 SW62041A053%15AROR1FGalectin-9
Fig.3 RORI1 and Galectin-9 were highly expressed in SW620 cells
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A: RORI-CAR T cells were co-cultured with SW620 or SW620*%" cells at the ratio of 5:1 for 24 h, and then IL-2 and IFNy in the supernatants was exam-
ined by ELISA; B: the percentage of SW620 and SW620°% cells lysed by RORI-CAR T cells; C: T cells, ROR1-CAR T cells or TIM-3-sh3 ROR1-CAR
T cells were co-cultured with SW620 cells at the ratio of 5:1 for 24 h, and then IL-2 and IFNy in the supernatants was determined by ELISA; D: the lysis
ability of T cells, ROR1-CAR T cells and TIM-3-sh3 RORI-CAR T cells against SW620 cells were validated; E: T cells, ROR1-CAR T cells and TIM-3-
sh3 ROR1-CAR T cells were co-cultured with CFSE-labeled SW620 cells at a ratio of 1:1 for 24 h, then the target cells in the wells were collected for PI
staining, and the percentage of CFSE'PI" cells within CFSE" cells was determined by flow cytometry; F: statistical analysis of target cell killing ratio; G:
CSFE-labeled ROR1-CAR T cells and TIM-3-sh3 ROR1-CAR T cells were co-cultured with SW620 or SW620°R°R! cells at the ratio of 1:1 for 72 h, re-
spectively. Then, the ability of cell division were assessed by flow cytometry. *P<0.05, ***P<0.001.

E4 HIHITIM-383IEHE58 T ROR1-CAR TR R (R #M 80 fo % R B AN HETE 7B 14
Fig.4 Antigen-dependent immune responses and proliferation of ROR1-CAR T cell were augmented by 7IM-3 inhibition
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