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Abstract: Immune checkpoints are one of the key factors comprising the extensive network of the human

immune system. Immune checkpoints ensure T-cell homeostasis, activation and differentiation. The

checkpoint T-cell immunoglobulin and mucin-domain containing-3 (Tim-3) plays an important role in

immune system. Tim-3 is a member of TIM family and can negatively regulate T helper 1 (Thl) immunity.

A literature search for Tim-3 was performed via PubMed. It is suggested that the overexpression of Tim-

3 is correlated with poorer prognosis for multiple cancers. Co-expression of Tim-3 and other immune

checkpoints has been revealed. Blockade of Tim-3 exerts antitumor function and may have synergistic

activity being alone or combined with anti-PD-1 antibody or chemotherapy. Thus, Tim-3 is a promising

target for cancer immunotherapy.
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Introduction

Since the successful application of anti-CTLA-4 antibody in
prolongation of the survival of treated advanced metastatic
melanoma patients (1), studies focusing on anti-tumor
immunotherapy have been processing towards persuading
greater achievements through blocking inhibitory
immune checkpoints. By now, inhibition of three immune
checkpoints has demonstrated potent anti-tumor abilities,
which involves PD-1, PD-L1 and CTLA-4 (2). Presently,
another checkpoint molecule, T-cell immunoglobulin and
mucin-domain containing-3 (Tim-3) is being more and
more investigated for the sake of its promising performance
in preclinical tumor settings.

Tim-3 shares a common structure with the other TIM
family members consisting of an N-terminal IgV domain
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followed by a mucin domain, a transmembrane domain,
and a cytoplasmic tail. Originally, Tim-3 was identified as
an inhibitory receptor of T cells selectively expressed on
interferon (IFN)-y-producing CD4" T helper 1 (Th1) and
CDS8" T cytotoxic 1 (Tel) T cells, also by natural killer
(NK) cells, macrophages, endothelial cell, etc., but not
Th2 cells (3). Many studies have shown that in tumors,
Tim-3 expression is upregulated on the majority of effector
T cells (4), but not on naive T-cells (5). Furthermore,
Tim-3 influences tumor outcome by its function on
myeloid cells and cancer stem cells (4). Moreover, studies
have demonstrated that Tim-3 is co-expressed with other
inhibitory receptors, including BTLA, LAG-3, KRLG-1,
2B4, CD160, PD-1 and CTLA-4 (6).

Unlike anti-CTLA-4 or anti-PD-1/PD-L1 cancer
immunotherapy, studies on the inhibition of Tim-
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3 are currently ongoing and are about to enter clinical
development. The number of studies on Tim-3 is much less
than that of PD-1/PD-L1 and CTLA-4. In this work, we
reviewed the Tim-3 expression and its function in various
cancers and provided evidences for Tim-3 blockade as an
antitumor treatment modality.

The lymphocytes, separated from the paratumor tissues
from patients with ovarian cancer, consist of significantly
larger proportion of Tim-3"CD4" T cells (7). And patients
who develop recurrent ovarian cancer have a remarkable
higher proportion of Tim-3"CD4" T cells than that at
the time of diagnosis (8). Tumor-derived Tim-3"CD4"
T cells often display an incompetent ability of secreting
interleukin (IL)-2 and IFN-y, while with higher expression
of CD25, Foxp3, CTLA-4 and GITR comparing with their
Tim-3"CD4" counterparts. Tumor-derived Tim-3"CD4" T
cells significantly suppress the proliferation of autologous
CD8" T cells (7).

Tim-3 expression on immune cells

Tim-3 over-expression on innate immunocytes, including
CD4" Th1 cells, CD4"Th2 cells, CD8" Tt cells, regulatory
T cells (Iregs), has been observed in a few tumors. Tim-3
on tumor-associated immunocytes and tumor cells possesses
oncogenic potential (9). The co-expression of Tim-3 with
other inhibitory molecules such as PD-1 and CEACAM1
indicates T cell exhaustion in tumor (10). Tim-3 expression
also defines highly suppressive Tregs in both human and
mouse tumors (6,11,12). T cells co-expressing multiple
checkpoints display defects in cell cycle and secretion of
cytokines including IFN-y, IL-2 and tumor necrosis factor
(TNF) (13,14).

In a gastric tumor bearing mouse model, Tim-3 level
on NK cells increase along with tumor growth (15). Tim-
3 expression on CD8" T cells as well as NK cells from
patients with gastric cancer is significantly higher than that
from healthy controls (15). Tim-3 induces CD8" T cells
to produce less IFN-y (16). And PD-1 is significantly co-
expressed with Tim-3 on CD8" T cells (13).

In non-small-cell lung cancer (NSCLC) patients, Tim-3
is highly upregulated in CD4" and CD8" tumor-infiltrating
lymphocytes (TILs), with a 60-70% co-expression rate with
FOXP3 (6). In patients’ peripheral blood, Tim-3 expression
is negligible on T cells but obviously increased on NK cells
(11,17). After surgical resection of the primary tumor, Tim-
3 level is effectively reduced (17).

Tim-3"CD4" (6) and Tim-3"CD8" (18) T cells are
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frequently detected at higher levels in patients with
colorectal cancer than in healthy controls. Additionally,
these cell types are also found at higher frequency in
tumor tissues than in peritumoral tissues and in peripheral
blood (18). T-cells with low Tim-3 expression have less
production of IFN-y (18). Tumor-derived Tim-3"CD4" T
cells can inhibit the proliferation of CD8" T cells in vitro (6).

Tim-3 is a biomarker in melanoma for histiocytic and
dendritic cells (19). Tim-3 is expressed on mast cells in
melanomas (20), and often co-expressed with PD-1 are
on CD8" TILs in mice bearing transplanted tumor, and
co-expressed with NY-ESO-1 in patients with advanced
melanoma (21).

Tim-3 expression was induced on CD14+ monocytes
upon long-term stimulation with renal cell cancer (RCC)
cells, and Tim-3-expressing myeloid cells augment
tumorigenic activities of Tim-3-negative RCC cells. Tim-
3 expression is upregulated in patients with more IL-10-
producing B cells (22).

Generally, Tim-3 is a marker of the dysfunctional
subgroups of CD8" T cells. Tim-3 is upregulated on
lymphocytes in cancer patients and tumor-bearing animals.
And this upregulation is associated with T cell exhaustion.

Tim-3 expression on tumor cells
Gastric cancer

In gastric cancer patients, Tim-3 is positively expressed
in 60% of tumor tissues (15,16), significantly more than
that in the corresponding peritumoral tissues (3,12). In
gastric cancer patients, significantly greater numbers of
Tim-3"CD8" T cells were observed in the tumor tissues
than in peripheral blood (4).

H. pylori are considered a key contributor to gastric
cancer development. Increased Tim-3 levels are found in
H. polyri infected mice. In 104 gastric cancer patients tested
for H. pylori, no correlation between H. pylori infection
and Tim-3 expression was observed (12). However, there
are opposite observations regarding with the association
between H. pylori infection and Tim-3 expression. In one
study, there seems to be an independent relevance of H.
polyri infection and Tim-3 expression (6).

Higher Tim-3 expression has been reported in adults no
younger than 60 years old, in male patients, and in patients
with venous infiltration (12). Tim-3 expression on NK cells
are associated with advanced tumor stage (15). In gastric
cancer patients, higher Tim-3 level in Tregs and CD8" T
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cells is associated with poorer prognosis (9,23). Positive
Tim-3 status in tumor tissue is associated with a shorter
overall survival (OS), suggesting that Tim-3 expression
could be an independent prognostic marker (12).

At the mRNA level, the -1516 G/T, one polymorphism
in Tim-3 gene, is associated with distant tumor metastasis.
Furthermore, there is a close association between the
TTGCT haplotype and higher risk of gastric cancer (24).

NSCLC

In patients with NSCLC, Tim-3-expressing CD4" and
CD8" T cells produce reduced amount of cytokines, such
as IL-2, TNEF, and IFN-y, comparing to those in their
Tim-3 counterparts (6). These kinds of T cells are less
proliferative responding to antigen and may promote
tumor development. Interestingly, Tim-3 expression on
CD4" TILs, but not on CD8" T1ILs, correlates with poor
clinicopathological parameters of NSCLC, such as nodal
metastasis and advanced cancer stages (6,25).

Researchers found that Tim-3 overexpression on TILs
is more frequently associated with advanced stages (111/
IV) than those at early stage disease (I/I) (17). The 5-year
survival rate is significantly lower in patients with moderate
to strong Tim-3 expression in TILs than those with weak/
negative Tim-3 expression (1).

At the mRNA level, patients with +4259 T/G, one
polymorphism in Tim-3 gene, have nearly 3 folds of
increased risk and a significantly shorter OS comparing with
patients with wild-type Tim-3 (26). Thus, Tim-3 expression
level on TILs could be an independent prognostic predictor
for NSCLC.

Colorectal cancer

Tim-3 also plays a role in the development of colorectal
cancer, with significantly higher expression observed in stage
III/IV patients than that in stage I/II ones (4). Increasing
Tim-3 level in patients undergoing surgical resection of
colorectal tumors could restore T-cell-mediated immunity.
Significantly higher expression of Tim-3" T cells has been
found in postoperative patients, which indicates decrease in
IFN-y secretion (27). These data suggest that Tim-3 might
be an indicator in monitoring immune function in patients
with colorectal cancer. Besides, coblockade of Tim-3 and
CAEAM-1 enhances anti-tumor reactions, resulting in
obliteration of tumor cells in an animal model (28).
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Ovarian cancer

Tim-3 expression increases in CD4" and CD8" T cells in
ovarian cancer patients than those in control subjects (8).
Tim-3 level in tumor-infiltrating Tregs is positively
associated with tumor size (29). Significantly higher Tim-
3 expressions are observed in both CD4" T cells and CD8"
T cells in patients with stage III/IV or with tumor grade G3
than those with stage I/II or a lower tumor grade (11).

Tim-3 is involved in progression of multiple subtypes
of ovarian cancer (30). Blockade of Tim-3 is able to
revert Treg-mediated suppression. Ovarian tumor-
infiltrating Tregs with Tim-3-dependent pattern are more
immunosuppressive than their counterparts in peripheral
blood. Blocking Tim-3 significantly can revert Treg-
mediated inhibition of CD8" T cell inflammation (29).
Combination of anti-CD137 antibody and anti-Tim-3
antibody can significantly inhibit the growth of ovarian
cancer cells in mouse model, and 60% of those tumor-
bearing mice have a long-term survival (31).

Hepatocellular carcinoma (HCC)

Tim-3" T cells are increased in patients with HBV-
associated HCC (6,11,32), and engage in T-cell dysfunction
and exhaustion during persistent HBV infection and HCC
development (33). Tim-3/galectin-9 signaling pathway
mediates T-cell senescence in HBV-associated HCC (23).
SNP rs25855 is associated with a reduced probability of
HBV-associated HCC (34), while Tim-3-1516 genotypes
G/T is associated with a higher risk in the development of
HCC (35).

Tim-3 expression in tumor-associated macrophages
(TAMs) (36) and TILs (32) is strongly associated with
higher tumor grades and a shorter OS of patients with
HCC. Moreover, Tim-3 interference in macrophages
significantly inhibited the alternative activation of
macrophages and suppressed HCC cell growth both i vitro
and i vivo (36).

Leukemia

Tim-3 is expressed on leukemia stem cells (LSCs) in acute
myelocytic leukemia (AML), but not in acute promyelocytic
leukemia (APL) or normal hematopoietic stem cells

(HSCs) (37). Separation of HSCs from LSCs can be
differentiated based on Tim-3 expression in the majority
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of AML specimens. Tim-3" population contain majorly
functional LSCs (38). Blockage with anti-Tim-3
selectively targets LSCs of AML without attacking normal
HSCs (37,38).

At the mRNA level, miR34a promoted proliferation and
migration and inhibited apoptosis of AML cells, which were
associated with the changes of Tim-3 levels (39).

The median proportion of Tim-3" myeloblasts and
average fluorescence intensity of Tim-3 are less in
non-cancerous specimens from whom with no recent
chemotherapy comparing with AML, but not significantly
different as comparing to non-leukemic myeloblasts in the
post-chemotherapy setting (40).

Tim-3 and PD-1 are co-expressed and increased levels
are found during disease progression (4). PD-1"Tim-
3'CD8" T cells and PD-L1 and galectin-9 expressing AML
cells are all lack in producing cytokines including IL-2,
TNF-a and IFN-y, and in PD-L1 and galectin-9 expressing
AML cells. Combined inhibition of Tim-3/galectin-9 and
PD-1/PD-L1 pathways may be beneficial to patients with
advanced AML, which will be confirmed in a clinical trial.

Melanoma

Melanoma is not a common cancer compared to the other
tumor types described above. However, there has been
great interest in assessing the efficacy of immunotherapies
in melanoma patients (19,41).

Higher Tim-3 level is associated with thickness and
mitotic rate of the tumor, as well as ulceration and late stage
disease (28). Tim-3 can facilitate the survival of melanoma
cells in peripheral circulation and metastatic colonization of
the lung, resulting in additional metastatic foci (2).

Blockade of Tim-3 may prevent the metastatic spread
of melanoma (42). Blockade of Tim-3 also enhances T
cell function (2). Combination use with anti-PD-1/PD-
L1/BTLA/Tim-4 antibodies (21,41,43) has demonstrated
synergistic effects against melanoma in vitro. Moreover,
chemotherapy also demonstrated effectiveness in mice that
were administered anti-Tim-3 (44). This combinational
therapeutic strategy may be suitable for melanoma patients
who do not respond to certain monotherapy.

Prostate cancer

Tim-3 promotes the tumorigenesis of prostate cancer
through its regulation on immune cells. Tim-3 expression

on both CD4" and CD8" T cells are significantly higher
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in prostate intraepithelial neoplasia, followed by localized
disease, and metastatic prostate cancer (45,46). Higher
expression of Tim-3 on T cells is associated with higher
nuclear grades, higher PSA levels, higher Gleason
scores (45), later stages, pulmonary metastasis, shorter and
recurrence-free survival, as well as shorter progression-free
survival (PFS) times (46), while increased number of Tim-3"
NK cells is potential predictor of longer OS (47). Blocking
Tim-3 in prostate cancer cells inhibited their proliferation
and invasiveness (46).

RCC

Zhu et al. (48) also pointed out that IL-27 induces
nuclear factor, interleukin 3 regulated (NFIL3), which
promoted permissive chromatin remodeling of the
Tim-3 locus and induced Tim-3 expression together with
the immunosuppressive cytokine IL-10. Tim-3 is also
expressed on TILs in RCC (49). Tim-3 co-expressed with
PD-1 on CD8"T cells is associated with an unsatisfactory
clinical outcome in RCC (50).

At the mRNA level, TTG (+4259, -1516 and -574) is
associated with RCC (51).

Decreased Tim-3 levels inhibited the tumorigenic
potential of clear cell renal cell carcinoma (ccRCC)
cells in vitro and in vivo, and also the proliferation and
invasiveness of these cells (52). In patients with ccRCC,
Tim-3 is expressed on tumor cells and CD204+ TAMs.
The role for Tim-3 in facilitating invasive potential of
ccRCC cells by either activating GATA3 or inhibiting
GATA3 (53). Suppression of downstream GATA3 is an
important mechanism by which Tim-3 triggered metastasis
in ccRCC cell lines.

In patients with ccRCC, Tim-3 expression was higher in
ccRCC tissue than in the normal renal tissue. Higher Tim-
3 level is positively associated with an increased number of
TAMs and a shorter PFS (52,54). Furthermore, the drug
resistance to sunitinib and mTOR inhibitors is in part due

to elevated Tim-3 levels (54).

Perspective

Tim-3 is presently under early evaluation as an interesting
checkpoint. It has been well established that Tim-3/
galectin-9 interaction inhibits Thl responses and induces
peripheral tolerance. More importantly, Tim-3 is now
recognized as having a crucial role in the induction of T cell
exhaustion during the progression of tumors. Moreover, the
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upregulation of Tim-3 often predicts worse prognosis of
cancer patients (55). The benefit of blocking Tim-3 is being
explored. Here, we provide a review on Tim-3 discussing
the signaling pathway and antitumor immunotherapy. Its
selective expression in tumor tissue, along with its role in
multiple mechanisms of immunosuppression, highlights its
value as a target for cancer immunotherapy.

Important future steps toward harnessing Tim-3 for
anticancer immunotherapy will be to elucidate the signals.
The unique features of Tim-3, together with accumulating
preclinical data, strongly support the use of Tim-3—
targeted therapies in combinatorial modalities with other
checkpoint-based therapies to achieve objective responses
in cancer patients. The combination therapy with Tim-3
and PD-1 blockade has shown efficacy in different animal
models. Clinically, Tim-3 could be an independent
prognostic predictor in multiple malignancies. Besides, we
also reviewed the genotypes of Tim-3 in various cancers.
However, further studies are warrant to understand the
association between genotypes and Tim-3 expression.

Preclinical data suggests that Tim-3-targeted treatment
and in combination with other immunotherapies could be a
potential treatment strategy for cancer patients. Additionally,
it is encouraging that immunosuppressive treatment
does not hamper the efficacy of immune checkpoint
blockade (56). Currently, there are three ongoing clinical
trials for evaluating the anti-Tim-3 antibodies as a
monotherapy or in combination with anti-PD-1 antibody for
treating advanced solid tumors (anti-Tim-3 antibodies TSR-
022 and MBGH453) or with decitabine for treating AML (anti-
Tim-3 antibody MBG453). Though these trials are still on
their ways, it is reasonable to believe that blockade of Tim-
3 signaling may be a highly effective means for the treatment
of cancer where T cell exhaustion is a barrier in mounting an
effective immune response. Additional collaboration between
basic scientists and physicians is needed to achieve the results
from Tim-3-aimed studies from bench to bedside.
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