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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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Table 1 Summary of TIM-3 inhibitor anti-tumor clinical trial information

Ezik7] i AR 53347 AT FE VAT NCT %5
Drugs Phase Combination therapy Indications NTC numbers
AZD7789 I/1 / NSCLC NCT04931654
Azacitidine e
=1/ MDS
MBG453 I Decitabine . ;lﬁk DS NCT04878432
INQOVI 18t s
fi&f& MDS
MBG453 | / Low risk MDS NCT04823624
Azacitidine EfE MDS
MBG4 T0481254
453 I Venetoclax High risk MDS NCT04812548
ST 0T MBS 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 . Decitabine Advanced solid tumors NCT02608268
e ML A A I 2 2 (CMML-2) R (iR 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 P 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 JUR A B 5% R 1 S 1A
BGB-A425 /1 Tislelizumab Phase I HSNCC, phase II primary or NCT03744468

metastatic solid tumor

NSCLC . SCLC ESCC Fe Rtk R (0 3008 A9
RO7121661 I / NSCLC, SCLC, ESC, metastatic NCT03708328
melanoma, solid tumors
TSR-022 I TSR-042 JREAENHE NCT03680508

Primary liver cancer

Nivolumab
TSR-042
TSR-033 e i
TSR-022 I Docetaxel W {Zliﬁ; NCT02817633
Advanced solid tumors
Pemetrexed
Cisplatin
Carboplatin
. I , FER PRI SR M U NCT03489343
Y Metastatic cancer, solid tumors, lymphoma
Sy 5]
LY3321367 1 LY3300054 S 17217;!&%; NCT03099109
011 umors
I Jod
INCAGN02390 I / B ﬁﬂ“f]ﬂ; . NCT03652077
Advanced malignancies
R0O7247669
RO7121661 | . ESCC NCT04785820
Nivolumab

1 AZD7789 \RO7121661 : HT PD-1/TIM-3 BURE R PEPULIA ; LY3415244 . 3L PD-L1/TIM-3 U S PP ; ROT247669 . it PD-1/LAG-3 SURF Rt
&, PDRO0I , Spartalizumab , INCMGAQ0012 , INCMGAQ0012 , Tislelizumab , TSR-042 . Nivolumab; i PD-1 #i #&; 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.



114

rfE R PR 2R 2 A 2022 4E 8 A4 32 555 8 ] Chin J Comp Med, August 2022, Vol. 32,No. 8

SE Wk

(1]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

Constantinidou A, Alifieris C, Trafalis DT.
programmed cell death-1 (PD-1) and Ligand (PD-L1): A new
era in cancer active immunotherapy [ J]. Pharmacol Ther, 2019,
194 84-106.

EBR, PRBES. HTPD-(L) 1 Hi CTLA-4 GRETRTF AR ST
FEHEE [J]. BUARIMRI P24, 2020, 28(2) : 346-350.
Monney L, Sabatos CA, Gaglia JL, et al. Thl-specific cell surface
protein Tim-3 regulates macrophage activation and severity of an
autoimmune disease [ J]. Nature, 2002, 415(6871) ; 536—541.
Wolf Y, Anderson AC, Kuchroo VK. TIM3 comes of age as an
inhibitory receptor [J]. Nat Rev Immunol, 2020, 20(3): 173-185.
Acharya N, Sabatos-Peyton C, Anderson AC. Tim-3 finds its
place in the cancer immunotherapy landscape [ J]. J Immunother
Cancer, 2020, 8(1): e000911.

Liu Y, Chen H, Chen Z, et al. Novel roles of the tim family in
[l

Targeting

s

immune regulation and autoimmune diseases Front
Immunol, 2021, 12, 748787.

Cao Y, Li Q, Liu H, et al
tumorigenesis, inflammation, and antitumor immunity therapy

[J]. Cancer Biomark, 2021, 32(2); 237-248.
Yang R, Hung MC. The role of T-cell immunoglobulin mucin-3 and

Role of Tim-3 in regulating

its ligand galectin9 in antitumor immunity and cancer
immunotherapy [ J ]. Sci China Life Sei, 2017, 60 (10). 1058
—1064.

Moar P, Tandon R. Galectin-9 as a biomarker of disease severity
[1]. Cell Immunol, 2021, 361: 104287.

Zhao L, Cheng S, Fan L, TIM-3: An update on
immunotherapy [ J]. Int Immunopharmacol, 2021, 99, 107933.
P - BTODOR, S, PEmE, 4%, TIM-3/galectin-9
Z: 518 P LA e A T AR SRR [T]. 4
SO ek, 2020, 36(11) ; 1021-1025.

Zhang T, Ren T, Song Z, et al. Genetic mutations of Tim-3

et al.

ligand and exhausted Tim-3" CD8" T cells and survival in diffuse

large B cell lymphoma [ J]. J Immunol Res, 2020,
2020: 6968595.

Tang R, Rangachari M, Kuchroo VK. Tim-3: A co-receptor with
diverse roles in T cell exhaustion and tolerance [ J]. Semin
Immunol, 2019, 42, 101302.

Wang S, Zhang Y. HMGBI1 in inflammation and cancer [J]. J
Hematol Oncol, 2020, 13(1) . 116.

Chen Y, Cai L, Guo X, et al. HMGBI-activated fibroblasts
promote breast via RAGE/aerobic
glycolysis [J]. Neoplasma, 2021, 68(1): 71-78.

Liu WL, Li CY, Cheng WC, et al. High mobility group box 1

promotes lung cancer cell migration and motility via regulation of

Int J Mol Sci, 2021, 22

cancer cells metastasis

dynamin-related protein 1 [ ] ].
(7): 3628.

LiJ, Ren H, Wang J, et al. Extracellular HMGB1 promotes
CD44 expression in hepatocellular carcinoma via regulating miR-
21 [J]. Aging (Albany NY), 2021, 13(6) : 8380-8395.

Lv DJ, Song XL, Huang B, et al. HMGB1 promotes prostate
cancer development and metastasis by interacting with brahma-

related gene 1 and activating the akt signaling pathway [ J].

[19]

[22]

[24]

[25]

[26]

[29]

[30]

[31]

[32]

[35]

Theranostics, 2019, 9(18) : 5166-5182.
Qian F, Xiao J, Gai L, HMGB1-RAGE signaling

facilitates Ras-dependent Yapl expression to drive colorectal

et al.

cancer stemness and development [ J]. Mol Carcinog, 2019, 58
(4) . 500-510.

Chiba S, Baghdadi M, Akiba H, et al. Tumor-infiltrating DCs
suppress nucleic acid-mediated innate immune responses through
interactions between the receptor TIM-3 and the alarmin HMGB1
[J]. Nat Immunol, 2012, 13(9) . 832-842.

Kim WM, Huang YH, Gandhi A, et al. CEACAMI1 structure
and function in immunity and its therapeutic implications [ J].
Semin Immunol, 2019, 42. 101296.

Calinescu A, Turcu G, Nedelcu RI, et al. On the dual role of
carcinoembryonic  antigen-related cell
(CEACAM1) in human malignancies [ J]. J Immunol Res,
2018, 2018 7169081.

Weng CY, Hu XY, Wang YJ.

adhesion molecule 1

Integrated analysis of gene
expression,  alteration  and  clinical  significance  of
carcinoembryonic antigen-related cell adhesion molecule 1 in
cancer [ J]. 3 Biotech, 2020, 10(3): 132.

Huang YH, Zhu C, Kondo Y, et al. CEACAMI regulates TIM-
3-mediated tolerance and exhaustion [ J]. Nature, 2016, 536
(7616) : 359.

De Sousa Linhares A, Kellner F, Jutz S, et al. TIM-3 and
CEACAMI1 do not interact in cis and in trans [ J]. Eur J
Immunol, 2020, 50(8) . 1126-1141.

Tan S, Xu Y, Wang Z, et al. Tim-3 hampers tumor surveillance
of liver-resident and conventional NK cells by disrupting PI3K
signaling [ J]. Cancer Res, 2020, 80(5); 1130-1142.

Sheng CC, Han FY.
tumors [ J]. Neoplasma, 2019, 66(2): 167-175.

Weber JK, Zhou R. Phosphatidylserine-induced conformational

Immunoregulation effects of TIM-3 on

modulation of immune cell exhaustion-associated receptor TIM3
[J]. Sci Rep, 2017, 7(1) . 13579.

Shariati S, Ghods A, Zohouri M, et al. Significance of TIM-3
expression by CD4" and CD8" T lymphocytes in tumor-draining
lymph nodes from patients with breast cancer [ J]. Molecular
Immunology, 2020, 128 47-54.

Yun SJ, Lee B, Komori K, et al. Regulation of TIM-3 expression
in a human T cell line by tumor-conditioned media and cyclic
AMP-dependent signaling [ J]. Mol Immunol, 2019, 105 224-
232.

Liang S, Cai J, Li Y, et al. 1,25-Dihydroxy-Vitamin D3 induces
macrophage polarization to M2 by upregulating T-cell Ig-mucin3
expression [ J]. Mol Med Rep, 2019, 19(5) ; 3707-3713.
Yan W, Liu X, Ma H, et al. Tim-3 fosters HCC development by
enhancing TGF-B-mediated alternative activation of macrophages
[J]. Gut, 2015, 64(10) : 1593-1604.

Khan M, Arooj S, Wang H. NK cell-based immune checkpoint
inhibition [ J]. Front Immunol, 2020, 11 167.

So EC, Khaladj-Ghom A, Ji Y, et al. NK cell expression of Tim
-3 First impressions matter [ J]. Immunobiology, 2019, 224
(3): 362-370.

de Mingo Pulido A, Gardner A, Hiebler S, et al. TIM-3

regulates CD103" dendritic cell function and response to



P He R PR 2R kA 2022 4F 8 H A 32 855 8 1 Chin J Comp Med, August 2022, Vol. 32,No. 8

115

chemotherapy in breast cancer [ J]. Cancer Cell, 2018, 33(1) .
60-74.

immunogenicity of LY3415244, a bispecific antibody against
TIM-3 and PD-L1, in patients with advanced solid tumors [ J].

[36] Guo Q, Zhao P, Zhang Z, et al. TIM-3 blockade combined with Clin Cancer Res, 2021, 27(10) ; 2773-2781.
bispecific antibody MT110 enhances the anti-tumor effect of yd T [44] Abdelhafeez A, Shohdy KS, Ibrahim W. Safety of combination
cells [J]. Cancer Immunol Immunother, 2020, 69(12) : 2571- immune checkpoint inhibitors compared to monotherapy; a
2587. systematic review and meta-analysis [ J]. Cancer Invest, 2020,
[37] Sun F, Guo ZS, Gregory AD, et al. Dual but not single PD-1 or 38(3): 150-157.
TIM-3 blockade enhances oncolytic virotherapy in refractory lung [45] HH, EAR. SR admiRaT AR BN —
cancer [ J]. J Immunother Cancer, 2020, 8(1) : ¢000294. IR E HiPkik [J]. v ] g A AT 4 R , 2021, 28(5) :
[38] Zhang D, Jiang F, Zaynagetdinov R, et al. Identification and 419-430.
characterization of M6903, an antagonistic anti-TIM-3 monoclonal [46] Ho AK, Ho AM, Cooksley T, et al. Immune-related adverse
antibody [ J]. Oncoimmunology, 2020, 9(1) ; 1744921. events associated with immune checkpoint inhibitor therapy [ J].
[39] Qin S, Xu L, Yi M, et al. Novel immune checkpoint targets: Anesth Analg, 2021, 132(2) . 374-383.
moving beyond PD-1 and CTLA-4 [J]. Mol Cancer, 2019, 18 [47] Bagchi S, Yuan R, Engleman EG. Immune checkpoint inhibitors for
(1) 155. the treatment of cancer: clinical impact and mechanisms of response
[40] Murtaza A, Laken H, Da Silva Correia J, et al. 311-Discovery of and resistance [J]. Annu Rev Pathol, 2021, 16; 223-249.
TSR-022, a novel, potent anti-human TIM-3 therapeutic antibody [48] Pilard C, Ancion M, Delvenne P, et al. Cancer immunotherapy :
[J]. Eur J Cancer, 2016, 69. S102. it” s time to better predict patients’ response [ J]. Br J Cancer,
[41] Lakhani N, Spreafico A, Tolcher AW, et al. 10190 Phase I 2021, 125(7) : 927-938.
studies of Sym021, an anti-PD-1 antibody, alone and in [49] Tian T, Li Z. Targeting Tim-3 in cancer with resistance to PD-1/
combination with Sym022 ( anti-LAG-3) or Sym023 ( anti-TIM- PD-L1 blockade [ J]. Front Oncol, 2021, 11; 731175.
3) [J]. Annal Oncol, 2020, 31 S704. [50] Kalia V, Yuzefpolskiy Y, Vegaraju A, et al. Metabolic
[42] Harding JJ, Moreno V, Bang YJ, et al. Blocking TIM-3 in regulation by PD-1 signaling promotes long-lived quiescent CD8 T
treatment-refractory advanced solid tumors: a phase Ta/b study of cell memory in mice [ J]. Sci Transl Med, 2021, 13(615):
1.Y3321367 with or without an anti-PD-L1 antibody [ J]. Clin eaba6006.
Cancer Res, 2021, 27(8): 2168-2178.
[43] Hellmann MD, Bivi N, Calderon B, et al. Safety and (%5 B H#A)2021-10-05

Gk EMEN S R EBREERX R
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