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[ Abstract] With the discovery of immune checkpoint molecules and the subsequent explosion of related research,
immune checkpoint-blocking therapy has become a key topic in tumor immunotherapy. Immune checkpoint T-cell
immunoglobulin mucin 3 (TIM-3) is a transmembrane protein belonging to the TIM family. Tt is expressed in a variety of
immune cells and non-immune cells and is an important molecule for negative immune regulation. TIM-3 not only can
reduce inflammation, mediate the immune tolerance of organ transplantation, and inhibit autoimmune disease, but also can
cause tumor immune escape. Furthermore, it can activate negative immune regulation pathways by interacting with ligands
and can inhibit the activation of immune cells to downregulate the killing effect of the immune system on tumors. By
blocking the binding between TIM-3 and its ligand, the anti-tumor immune activity of immune cells can be restored, the
size of tumor foci can be reduced, and the tumor clearance rate can be improved. This article briefly reviews the research
on TIM-3 in tumor immunity and tumor immunotherapy conducted in recent years.
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2 TIM-4 LRI TIM LR 505 . B TIM F ik
B TgV 253 HR A & 6 4 Cys 3R 3E,5F— 15
e — MR AL B P&, Hoar 4 DR i
BB CCO HEEAE GFCB T b, TR TIM S 05 4%
AILERARAE , RIS, CC” 3R 5 FG BRFAT, #1484
ZEFTOT . TIM-3 431 MRS & 25 2 e 2 iR Y 4 3
TR Ui BR A AT AR G5 A8 3 R B T R 4 R R i
JRIXAR R, TIM-3 5 e A Zh A ) 3 52350 0 2 40
FRLARE A AT A 4t b 3, He 5 e AR B A S R4 00 o
SRS Sl T 400 NK 20 S R S T
I 5 MR fee ik ik 1) & AE kR 5 TR B, TIM-3
T B G2 PR A 5 RE A G g8 T 37, 5 BEL W
TIM-3 K 1] g T BB AR HE T SO A B G028 P e 9
A
1.2 Galectin 9

TIM-3 43 F 11 3 22 e pA 2 LB BE4E £ 9
(Galectin 9,Gal-9) , i 454 J5 1 1 5 45 85 il -
caspase-1 T AR T 2T 4L 8 T, AT
TEHEME K Gal-9 T2 A0 T2 R
B, LA G0 5 20 RS o S A v v B R A
Gal-9 7432 IFN-y #4%  IFN-y 42 Th1 401> 4=
) TSR T, TIM-3/Gal-9 18 % 2 TIM-3"Th1 4
it 67 S B R T B i AR 22—, Thl 40 A P8 T i 2
IFN-y TR —AEZEE ) 7E48 Pk e 41 i
L5 B A9 5% T & B, J S Treg A1 Th17 40 I
TIM-3 =32k, Gal-9 7 1ML H (1) 7K V- T+ 55, H Binet

IS B S TIM-3 55 Gal-9 455 T 1Y i
W HAE S T MR ek B — TR & B,
Gal-9 7ERIEVE K B 40k L% ( DLBCL) & Y
FNEAA ST TIM-3"CD8' T 40l i) =i, X 5
DLBCL & M BUG A KA X" HLIEE Gal-9 5
TIM-3 Z A 45 & 2t m B E A RN A ST B
Z—
1.3 HMGBI1

RE % H Bl (high-mobility group protein
B1,HMGB1) AR & U8, F AR B 2A
PERERE AR, 24 & A AN A s 45 A M R T DL K
2 AT i o 200 L 7 ) Sf S et e BB 3R B, B
R SR L i S g 451 HMGB BE A i
ZFERIE 13T B RV R An LR Ak /DN A0 i il
N 1) R RN IR 1): S A o 778 A
Chiba 2 RFFE v K B, 6 R A B2 v | Bibd 12
TP DC B TIM-3 2 1, 5 R 40 At B il i %
PR e 25 -6 HMGB1, BH 1A% B i A P9 A, M T 410 i
R R A5 5 A S I B, DRI, 1 A G 328 400 e ) 38K
TSz, FHWT HMGB1 5 TIM-3 A 5A4F
I Tl e e b E A A SE ;| P (IR
1.4 CEACAM1

S T S O S S S |

(' carcinoembryonic
molecule 1,CEACAM1 ) J&7F J 4H I F11E & 240 i #A7
RRIFREE FRIR I T AU g AR 1, 4 HAE TG 1k T 4 i
AR EES S T gAY AR g
AN A, CEACAM1 A & A A /EH, CEACAMT J&
LRI TR LA A A ) B A s AR A 8 B
RN U RSN N N TV = L e R T
FMA AL 75 5 [Rl I, CEACAMI A] /& Ry JE /N 41 fi i
i R R A R TS AR S P MR Huang
S RBESY B S TIM-3 RS AL T 40 1358k,
TS — AR s L) X T8 XA B AR A 5 T
% TE/NERZE W AR AL v R B I A BELDST TIM-3 1
CEACAMI1 A #& & Jib 988 32 i) 14 9bk 28 40 g ( TIL )
CD4" .CD8"T 4t ffd ity it it 7 b i IFN-y 1943, 42
IR R Y RCGH S & B, CEACAMI 1
IR AN S RS TIM-3 A B B AR B A AU N
T AR I M43 725 T 4G 1E i 1 X
PR AZ PR IF A AR T8 35 o g Th e T LLE
5%, CEACAMI & 75 1E 2y TIM-3 BCAiAK DL I W # 2
[ I FR A it — 2P TR AT i

antigen-related cell adhesion



P He R PR 2R kA 2022 4F 8 H AR 32 55 8 ] Chin J Comp Med, August 2022, Vol. 32,No. 8 111

1.5 WiiEEtZ£ S8R

W 5 Mk 22 % 1R ( phosphatidylserine , PtdSer ) J&
TIM-3 FTA . HECR SRR AR AY " PrdSer 1)
Z5A LN FG-CC MASRESsH , o 542 TIM-3
(IBEIR AL, JEil It T4 PI3K 5516 5, S8R g
IEVE SR B ONK 40 A NK 4T fe e as 0
AR, PrdSer 55 TIM-3 945 4 7 A 5 08 T 40 B 14 35
BRI B TR RS i o TF Weber AL 18] oy
2, PtdSer 5 TIM-3 B45 & R BUR H WL &4
A (AT AN R 3 AL G2 A8 b 2 15 5 G i At M 7
R K,
2 TIM-3 25K REHEN SHMERE LR

TIM-3 3k FL#) 32, NK 40, CD4™ T 41 ifd
CDS"T 41l il , FoxP3" Treg 4 ML, 9 20 i . i 92 1 4l
it BEANM AR HA TIM-3 155 H ik T e 4 i
BARSHIARL G, B8 54 R0k, 5
BCARSE & Jo AT G s 1 B it ] 4, 410 1] 922 44t i 2y
e TR A L3R IAET, 2= 5 Mg B K IR TE 55
Rl PR TIM-3 75 A 7] 5 88 4 L 4 6 1K A
I 0 IR B e b i R A T IR
2.1 TIM-35 T 4448

TIM-3 7£ T 40 | Y 3R ik 2 )5 IR T4 i
IFN-y ) CD4"  CD8" T 4l fifl, LA J2 FoxP3" Treg 4l
BT 2T RIS AR IR, TIM-3 DA R PN A 5 4 3
JHASE - B 5 A2 A, I 3 e 40 i S R BB Y Tyr256 Fil
Tyr263 5 BAT3 454, SF 4 M R G LCK, 4E4¢ T
AMAYTEAL, S A FLR S TIM-3 25 &0} il i i & R
P4 ITK 0% Tyr256 F Tyr263 BRI, i BAT3 #
B, LCK AP 555, S 30T 4025 7%, TIM-3 &
FEAHIER

AR TIM-3 /5019 T 40 B 75 AL 30 1 B FH 5 T Ui
15530 P& S BRI 15 545 S HLRIATIAS 2 53 D
E B B 22 (OIFSE Ny, TIM-3 J2& TIL T 40 it 5558 11
PR, Shariati 257 38 i i 2 40 M A 434 FL IR e
BESIRIKE LS T CD4” CD8'T 41 TIM-3 A ik
KR, 5 LRI 53 G LA B TS AN B (48 b A
5%, Yun U0l R MEZ AN cAMP KT,
BTG HOR U8 11 EKA R EPAC BYZE3A, AT - 9%
Jurkat T ZHfIH TIM-3 YRR, I & 3098 240 it 5 0
() PGE2 5324 EP4 AHEAE AN T TIM-3 A3
Ik T UM W R AR R . T 41
1) T g 2 i PR g i i — R R

2.2 TIM-3 5EEZEA

TIM-3 JE R0 = IR 665 5 B W A0 i Ak R 58
BRIG AL E AN, R M2 B AR R i & A R R
M TIM-3 SE R GTER 75 S 5 W 4 e £k A 22 L35 Ak
B4, B M1 A, KPR /E Y L fE HeC
(RIS Hh R 30, s SR 5 b TGF-B 1 251G 5
T TIM-3 W58 F K7, i — 20 AR i 1L-6 (53, 7
FHCC AR IR R, TIM-3 7241
ML 542 40 LR e 4 S I 440 L ( TAMEs ) Hf A 38
B, IS B AR ARG 7R FHLIBT AR TAMs
) TIM-3 J5 , 4 7% 40 GM-CSF \1L-10  TL-6 iX L&
g A= A A L PR 1 . 3k BB 25 SRR ] TIM-3
T T E REAN A T B R e N, S IR A
JEVRTT P TR R 1]
2.3 TIM-3 5 NK 48ff

TIM-3 [R5 72 NK 41 & & BRI bR, TIL
HNK 4R TIM-3 2635 7KF BAR B , (H TR REAT
FEDREMERENE > FE ) SR R Al /N
9 | AN e FR A A AN NK i, R R #
TIM-3 5 3 35 I A7 75 20 Bl 3 98, 38 5 BH T TIM-3 W]
YA AN EE A (58 o P ) NK 41 JE 325 i ok B
T TIM-3 YK 5 & 11 So 4504 & 0, RS [R] ) s
PIfe i NK 408 1 TIM-3 (19 33k, 3800 1k iy
NK 207 D gt b A — 2 X1, 3 46 X ) 3R 9 7E
CD56 Fll INF-y [)ZRINAKF-45  $275 TIM-3 1Y BH B ]
AEsZI NK 40ME s PE. BHT, NK 400 - TIM-3
YIfefZ 55 pe i H B AL R ik — 5T
2.4 TIM-3 5DC

TIL DC BEFE M6 20 it K LA R85 v iy 45
TS T =R W 2,3 - A i RS AR T .
TGF-B1.IL-10 \VEGF Z&4ie i I8 40 it A= 1 i [+,
[FIE 223k TIM-3, I 5Hci& HMGB1 45 & 54l 1
FH AR A5 18 1A 470 P g 92, i o 08 7 [ A 4
REF kIR FEA SRR B RS A TIM-3 1
CD103"DC L& B 3R 36, iz ¥t TIM-3 HUAREE & %
FZBEIETT /0N B R 98 455 75 M 0 2% 1] e 8 A= K 745 )
] I DC ik CXCLY, #4958 T CD8™ T 41 i 11y
AMFEPES, EAR DC I TIM-3 I AH 5 A
REL, (R R A7 A 1 S A B T — o 5OR s

3 i TIM-3 BIphEE R EiadT

Sl B 22 BT SR 26 B TIM-3 2 s e 1697 1Y
— ™ T S L A A g K AT AT B A BEL KT HU A



112 T P I 2 2 2022 4F 8 F145 32 %% 8 ] Chin J Comp Med, August 2022,Vol. 32,No. 8

T—EBUR . FERIESE D5 TH , TIM-3 400461 57 AT BH W7
TIM-3/Gal-9 {5 5, FEAR SN 52 5 U 11 yST 41 ffd 1
M, 590 CD3/HT EpCAM XU SR MT110 BA
o 38 5 yST 20 M 25 Mk, I 78 o 4k d v s 39 5
yOT i A3 1) P B B Fib g 06 1 00 A /N B A o A
Aivh SR s T wDD BES PD-1,TIM-3 BH BT 3 i
LG OR7INCIR (SR I LR N AR 2 A A N o WA e
RRAE R, TIM-3 BHWTEX & 48 42 B 7E LR 8
ARETTRCR AT SCE AR, P TIM-3 Bdt M6903 1]
BHWT TIM-3 5 Gal-9 . CEACAMI1 , PtdSer 454, &
TGF-B MBS SV T 20 s Pk 3538
T TEN-y 7K S, I 388 3% MC38 far 98 /1N B Bt i o
RESIY,

Il PRAFSE 7 18 , £ 4% TIM-3 75 N fl) 22 Fh 3 2%
PERGAT 540 5 (immune checkpoint inhibitor, ICI)
B AIGRBFIE B B Sl 7E ClinicalTrials. gov
GRS, YA TIM-3 24 19 NIRRT E |, i
JREH A 5T 3 AT B B2 ( NCT04266301 ) |, #
St s BRI A B B ik A TR BE, TSR-022
JEHH Tesaro WF & 11 1gG4 HT A TIM-3 L ik, F 2016
TG T ST (NCT02817633) , %W 9% B 11
TSR-022 H—y7 ik 142 APk DL A PD-1 41 51
TSR-042 A48 7% ¢ fi Symphogen /7= [
TIM-3 ¥.5¢ Sym023 Bt& PD-1 Bdi Sym021 ) T 1
WF5E (NCT03311412) T 2017 4E I 44, iZ 0F 55 V4G
Sym023 {2 4= | i 37 A0 75 o BR i w pE AL
R0 & 1) TIM-3 L sC FEHUIR LY3321367 A it
EHZNAYT A SRS LY300054 ($i PD-L1) ## M
g ol O 7O ol 51 7 i i SO~ 3 I 1
(NCT03099109 ) =8| s G A N B ( immune-
related adverse events,irAEs) (A 2 #], 254030 F1%/
24555 8 J1 AR R, 5 =600 mg BT #EARYY
ZH52 0  NSCLC B RIT 45 R R, $1 PD-1/PD-
L1 X6 P 8 59 % WL 2 3 (objective response
rate, ORR ) FIPNR #1Hi  ( disease control rate, DCR)
93N 0% F1 35% , MiAEHAR & H ORR 5 DCR 41
BN T%H1 50% ' . 1LY3415244 N#i PD-L1/TIM-3
MR SR, 76 T 858 (NCT03752177) th T A
BEY P Wbk, By iRk i m, &3
LY3415244 HAT #5010 G 8 k) o AR I IR A
FIEWER 1,

AR BRI T A — e R, BB A E

EARRZAM e R, BOR M Z B R T
oA e A R R T AE Y 0 B RIVE L, Bk A BH BTG
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13% , 3495 H iR 3E (9 TIM-3 #1610 irAEs #8270, {2
IR R R T , (EASHEBR Bt 25 0T 5% TR AT 11 B0
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A PD-1 B & FBUCIZHE T A T 1%,
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Table 1 Summary of TIM-3 inhibitor anti-tumor clinical trial information

EZik7) i AR 53347 WKAEIRIT FE VAT NCT %5
Drugs Phase Combination therapy Indications NTC numbers
AZD7789 I/1 / NSCLC NCT04931654
Azacitidine -
=1/ MDS
MBG453 I Decitabine . ;lﬁk DS NCT04878432
INQOVI 18l s
fi&f& MDS
MBG453 | / Low rick MDS NCT04823624
Azacitidine EfE MDS
MBG4 T0481254
453 I Venetoclax High risk MDS NCT04812548
ST 0T MRS AR /S AML/ 4% 1 AML
MBG453 [/1 Azacitidine AML/secondary AML after allogeneic NCT04623216
hematopoietic stem cell transplantation
Azacitidine o e MDS
MBG453 NCT03946670
s Decitabine Intermediate, high or very high risk MDS o
PDRO01 MRS S AR
MBG4 T026082
453 A Decitabine Advanced solid tumors NCT02608268
e ML A I 2 2 (CMML-2) (R (i S 96 MDS
MBG453 I Azacitidine Chronic Myelomonocytic Leukemia-2 (CMML-2) | NCT04266301
intermediate, high or very high risk MDS
Spartalizumab 2K A I 4 R
MBG453 I parta tama BEREZ LI AR NCT03961971
SRS Recurrent glioblastoma multiforme
. INCMGA00012 WU AP A 1 S A
INCAGN02390 b INCAGNO02385 Advanced or metastatic solid tumor NCT04370704
S AA A
LY3415244 1 / s NCT03752177

Solid tumors

138 HSNCC. | I UK A B 5% R 1 S 1A
BGB-A425 /1 Tislelizumab Phase I HSNCC, phase II primary or NCT03744468

metastatic solid tumor

NSCLCSCLC ESCC Fe Btk FR (0 3008 A9
RO7121661 I / NSCLC, SCLC, ESC, metastatic NCT03708328
melanoma, solid tumors
TSR-022 I TSR-042 SRR AENHE NCT03680508

Primary liver cancer

Nivolumab
TSR-042
TSR-033 e i
TSR-022 I Docetaxel W MKE NCT02817633
Advanced solid tumors
Pemetrexed
Cisplatin
Carboplatin
Sym023 I / *?*z o *ﬂ: H B NCT03489343
Metastatic cancer, solid tumors, lymphoma
Sy 5]
LY3321367 1 LY3300054 S f:ﬁtﬁ; NCT03099109
011 umors
I Jod
INCAGN02390 I / B ﬁ?ﬁ]ﬁ; . NCT03652077
Advanced malignancies
R0O7247669
RO7121661 | . ESCC NCT04785820
Nivolumab

1 AZD7789 \RO7121661 : HT PD-1/TIM-3 BURE R PEPULA ; LY3415244 . 3L PD-L1/TIM-3 U S PP ; ROT247669 . 3t PD-1/LAG-3 SURF Rt
&, PDROO1 . Spartalizumab , INCMGA00012 , INCMGAQ0012 , Tislelizumab , TSR-042 . Nivolumab; i PD-1 #i f&; LY3300054; $i PD-LI #i /4;
INCAGN02385 .\ TSR-033 . $ii LAG-3 Hi {4,

Note. AZD7789/R07121661, Anti-PD-1/TIM-3 bispecific antibody. LY3415244, Anti-PD-L1/TIM-3 bispecific antibody. R07247669, Anti-PD-1/
LAG-3  bispecific antibody. =~ PDRO01/Spartalizumab/INCMGA00012/INCMGA00012/Tislelizumab/TSR-042/Nivolumab,  Anti-PD-1  antibody.
LY3300054, Anti-PD-L1 antibody. INCAGN02385/TSR-033, Anti-LAG-3 antibody.
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