Neoplasma 2019; 66(2): 167-175

167

doi:10.4149/neo_2018_180610N385

Immunoregulation effects of TIM-3 on tumors
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Cancer poses a serious threat to human health and its increasing incidence has made it one of the most common causes
of death. Immune factors affect in vivo tumor cell survival and expansion, and cancer patients have obvious cell immune
dysfunction and low anti-tumor immunity. TIM-3 can be widely expressed in a variety of immune cells and it affects both
innate and adaptive immune response by regulating the function of immune cells, thus affecting tumor occurrence and
development. This paper focuses on the TIM-3 regulation of immune cells, and its expression and mechanism in patients
with liver, gastric and prostate cancers in order to explore its regulatory mechanism in tumor immunity and provide new

ideas and targets for tumor immunotherapy.
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TIM-3 structure and ligands

TIM-3. The gene family of T cell immunoglobulin and
mucin-domain containing molecule (TIM) was a novel gene
family identified by McIntire in the 2001 study of suscep-
tibility genes for asthma in mice. This was identified by
genome analysis and positional cloning [9]. TIM-3, also
known as hepatitis A virus cellular receptor-2(HAVCR-2),
is an important member of the TIM family [10]. The mouse
TIM-3 gene is located on chromosome 11 and has 1,015
nucleotides, encoding 281 amino acids, whereas the TIM-3
gene in human is located on chromosome 5q33.2 and has
1,116 nucleotides encoding 301 amino acids [11]. The struc-
ture of the TIM-3 gene, like that of other gene-encoding
proteins in this family, includes one signal peptide, one
immunoglobulin V (IgV)-like domain with cysteine, one
mucin-like domain rich in threonine, serine and proline,
the trans-membrane region and one cytoplasmic region
with tyrosine kinase phosphorylation motifs. The IgV-like
domain is most likely where TIM-3 interacts with its ligand,
and the intracellular region contains a tyrosine phosphory-
lation motif and one SH2 domain which may be involved in
signal transduction [12].

Ligands. The following four distinct ligands are currently
reported to bind to Tim-3 in different contexts. These are
galectin-9 (Gal-9), high-mobility group protein BI(HMGBI),
carcino-embryonic antigen cell adhesion molecule 1
(Ceacam-1), and phosphatidylserine (PtdSer) [13].

Gal-9 was the first discovered TIM-3 ligand and its role
as a ligand was identified by immuno-precipitation of cell
surface proteins that bind to immunoglobulin domains in the
TIM-3 molecule [14]. Gal-9 has a wide spectrum of expres-
sion and can be detected in a variety of cells and provide a
negative stimulus signal for T cells after binding to TIM-3.
This signal can down-regulate Thl cell response, thereby
mediating Th1 cell apoptosis [15, 16]. In the non-activated
immune system, Gal-9 is mainly expressed in resting CD4* T
cells and CD4'FoxP3* Treg cells, and while Gal-9 expression
on effector T cells is decreased in T-cell activation, Treg cells
consistently express it [12, 17].

HMGBI is highly expressed on tumor-infiltrating DCs
(TADC). Here, Tim-3 competes with nucleic acid binding
to HMGBI in tumors, and it lowers the transport of nucleic
acids to the endosomes, thereby dampening the innate
immune response to tumor-associated nucleic acid [18-20]
(Figure 1B).
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Ceacam-1 is the most recently identified ligand for Tim-3,
and it can form a heterodimer with Tim-3 or interact with it
in trans form [13].

While PtdSer interaction with Tim-3 has a role in the
clearance of apoptotic bodies and can contribute to antigen
cross-presentation, it has the lowest affinity of the four most
widely recognized ligands [21].

TIM-3 expression and function

TIM-3 and T cells. T cell-mediated cellular immunity is
the main mechanism of in vivo anti-tumor immunity [22].
The cytotoxic CD8" T cells (CTL) can be directly used as
effector cells to specifically kill cancer cells, and it is very diffi-
cult for those to survive when the body produces sufficient
CTL specific for tumor cells, [23]. Current studies show that
exhausted T cells occur in human chronic viral infections
and cancers, thereby losing cytotoxicity and the ability to
proliferate and secrete cytokines including IL-2, TNF-a and
IFN-y when stimulated by the antigen [24, 25]. The TIM-3
expressed by T cells inhibits the tumor immune response
especially by mediating T cell depletion or by promoting
myeloid derived suppressor cell proliferation (MDSCs) [26,
27] (Figure 1B).

TIM-3 over-expression in clinical models and human
cancers can be detected in peripheral lymphoid tissue, tumor
infiltrating lymphocytes and T-cells in the blood [28]. TIM-3
and PD-1 are also co-expressed in most exhausted CD8* T
cells and they synergistically induce T-cell depletion [28].
This suggests that blocking the TIM-3 and PD-1 signaling
pathways is more effective in recovering the function of
depleted CD8* T cells and preventing and treating cancer
than blocking these pathways individually [29].

In addition to CD4* T cells regulation of tumor immunity
[22], Thl cells can secrete cytokines such as IL-2, IFN-y
and TNF-a which promote cellular immunity by directly
or indirectly activating macrophage and CTL and NK cell
cytotoxicity and phagocytosis ability [2]. They therefore
have very important roles in the body’s anti-tumor immune
response. Since Thl cells are inhibited in advanced cancer
patients, tumor immunotherapy should try to shift the Th1/
Th2 balance to Th1 [30].

Further, TIM-3 is a negative regulatory molecule which can
induce Th1 cell apoptosis and shift Th1/Th2 balance to Th2
after binding to the Gal-9 ligand [31]. This negative TIM-3
regulatory signal on Thl cells can be removed by blocking
the TIM-3 signaling pathway with either TIM-3mAb or
Tim-3 siRNA. The Th1/Th2 balance can then shift to Thl,
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Figure 1. TIM-3 is a major regulator of tumor immunity. A) TIM-3 expression and function in various immune system cells. B) TIM-3 molecules
expressed on the tumor-infiltrating DCs (TADC) bind to HMGB1 to block the transport of nucleic acids into endosomes, thereby suppressing pattern-
recognition receptor-mediated innate immune response to tumor-derived nucleic acids. Interferon-y production by effector T cells promotes anti-
tumor response but also drives expansion of myeloid-derived suppressor cells (MDSC). The latter produce increased Galectin-9 (Gal9) molecules
which then bind to TIM-3 molecules expressed on TIM-3-expressing effector CD8+ T cells in the tumor micro-environment. This leads to effector T
cell apoptosis. The Tim-3+FoxP3+ Tregs present in the tumor express high amounts of Treg effector molecules (IL-10, etc.) and inhibit effector T cells.
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thus enhancing the T-cell tumor immune response [30]. Yan
et al. [32] showed that TIM-3 expression on CD4* T-cells is
up-regulated in cancer patients and this leads to impaired
function of tumor-derived TIM-3*CD4" T cells secreting
IFN-y and IL-2.

The TIM-3 signal pathway can also regulate CD4*FoxP3*
regulatory T-cells (Tregs), thereby inhibiting the immune
response of Thl cells [33]. Tregs immuno-suppressive
function is the key to promoting tumor immune escape
[34, 35]. Large amounts of Tregs accumulate locally in the
tumor and inhibit the anti-tumor effect of immune cells
by secreting inhibitory cytokines such as IL-10 and TGF-f
[36] (Figure 1B). TIM-3 is specifically expressed in tumor-
associated Tregs, where Gal-9 can promote their amplifica-
tion through the TIM-3/Gal-9 pathway, but it can also reduce
the number of TIM-3* effector T cells (Teffs) by stimulating
their apoptosis [2, 31, 37]. The TIM-3/Gal-9 pathway thus
regulates tumor immune response by balancing Tregs and
Teffs in the tumor micro-environment.

Hastings et al. [38] recently reported that TIM-3 is
expressed in Th17 cells, and it also affected cytokines secre-
tion in Th1 and Th17 cells. Since these cells have important
roles in tumor immunity, it is possible to regulate Th17 by
TIM-3, thereby modulating tumor immunity.

TIM-3 and macrophages. Macrophages are important
innate immune cells and the first line of defense against infec-
tion. These cells can be polarized in M1 and M2 subgroups in
different microenvironments where M1 activation promotes
inflammation and inhibits tumors and M2 inhibits inflam-
mation and promotes them.

The tumor-associated macrophage is the archetype of
the M2 phenotype [40]. One study identified that TIM-3 is
highly expressed in M2 macrophages and promotes their
polarization; and inhibiting TIM-3 expression can restrain
M2 polarization and promote it in M1 macrophages [41].
Moreover, TIM-3 CD14" cell expression in peripheral blood
and tumors is significantly increased in patients with primary
hepatic carcinoma [42]. Zhang et al. [43] report that TIM-3
monocyte and macrophage expression acts as a negative
regulator in immune response; and blocking antibodies
and Tim-3 siRNA changes the TIM-3 signal pathway and
promotes TAM secretion of pro-inflammatory cytokines,
thereby enhancing anti-tumor immune response.

TIM-3 and dendritic cells. Dendritic cells (DCs) have
important roles in anti-tumor immune response. They are
activated by identifying nucleic acids released from tumor
cells after chemotherapy [20]. The expression of TIM-3 on
tumor-infiltrating DCs is significantly higher than on DCs
in normal tissue, and the expression is earlier and higher
than on CD8" T cells [18]. TIM-3 in DCs preferentially inter-
acts with nuclear protein HMGBI. This inhibits nucleic acid
recruitment to DC inner chambers, thereby inhibiting signal
transmission of innate immune response and this leads to

increased tumor loading following chemotherapy [18, 20, 44,
45] (Figure 1B).

Previous studies have suggested that the interaction of
TIM-3 and Gal-9 on antigen cells is beneficial in promoting
DC maturation and cross-activation of tumor-specific T cells
[46, 47]. In contrast, TIM-3 expressed by tumor-infiltrating
DCs promotes tumors and this can shut down the innate
immune response mediated by nucleic acid by binding to
HMGBI1 rather than to Gal-9 [18, 44].

TIM-3 and endothelial cells. Endothelial cells have
special effect on tumor cell hematogenous metastasis.
Huang et al. [48] reported that TIM-3 is expressed on B cell
lymphoma endothelial cells and that this expression is related
to tumor metastasis and poor prognosis. TIM-3 expressed
on endothelial tissue inhibits the response of CD4" T cell
rather than CD8* T cells. In vitro, TIM-3*endothelial cells
inhibit the activation of CD4* T lymphocytes by activating
the IL-6-STAT3 pathway, thereby regulating the response of
T cells to lymphoma antigens, inhibiting the polarization of
Th1 cells and providing protective immunity for tumors. The
lymphoma mouse model highlighted that TIM-3* endothe-
lial cells can promote the development, growth and metas-
tasis of lymphoma by inhibiting the activation of CD4* T
cells and polarizing Th1 cells [48]. If TIM-3 expressed on
tumor-associated endothelial tissue is a proven common
feature of solid tumors, these studies will provide further
powerful demonstration of TIM-3 as a new target for tumor
immunotherapy.

TIM-3 and myeloid-derived suppressor cells (MDSCs).
Although general research records that TIM-3 can directly
inhibit T cell response by inducing cell death and exhaus-
tion, one study reported that Tim-3 expression on T cells
can indirectly inhibit the immune response by amplifying
MDSCs [2, 27]. It has also been shown that TIM-3 promotes
MDSC proliferation by interacting with its galectin-9, thereby
inhibiting T cell immune response and increasing poor
tumor prognosis [49] (Figure 1B). Moreover, over-expres-
sion of TIM-3 on T cells inhibits their immune response
and increases the number of MDSCs. Similarly, Gal-9 over-
expression also promotes MDSC amplification and inhibits
the immune response [27], and it is also reported that both
tumor growth and MDSC amplification are relatively slow in
TIM-3 deficient mice [50].

All these combined studies therefore confirm that the
TIM-3/Gal-9 signaling pathway inhibits the immune
response by modulating MDSC amplification.

Synergism between TIM-3 and other negative check-
point regulators

It is currently accepted that tumors have dual check-point
pathways for immune suppression. Studies report that the
expression of negative TIM-3 and regulator programmed
death-1 (PD-1) impairs cell-mediated immunity responses
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in advanced melanoma and colorectal cancer [51,52].
Co-blockage of TIM-3 and PD-1 can therefore enhance the
expansion and function of tumor antigen-specific CD8" T
cells in vitro and in vivo, induce tumor rejection in experi-
mental models and improve the vaccine effect in patients
with advanced melanoma [53, 54].

New treatments targeting TIM-3 and PD-1 on CD4*
and CD8" T cells could provide breakthrough treatment
for cancer patients. Co-blockage of TIM-3 and CD137 in
a murine ovarian cancer model increases the number of
CD4" and CD8* T cells and decreases immunosuppressive
CD4*'FoxP3* regulatory T cells (Tregs) and CD11b*Gr-1*
MDSC, and thus prevents tumor progression [50]. Further,
the co-blockade of carcino-embryonic antigen cell adhesion
molecule 1 (CEACAM1) and TIM-3 leads to enhancement of
anti-tumor immune response with improved tumor elimina-
tion in the mouse colorectal cancer model [55]. The expres-
sion of other negative check-point regulators on tumor-
infiltrating lymphocytes, including cytotoxic T lymphocyte
antigen-4 (CTLA-4), lymphocyte activation gene-3 (LAG-3)
and BTLA (B and T lymphocyte attenuator) also negatively
regulates immunity in tumor micro-environments. However,
the mechanism of co-blockage with TIM-3 requires further
investigation [56-58].

TIM-3 and tumors

TIM-3 and hepatocellular carcinoma (HCC). HCC is
one of the most common global cancers with high morbidity
and mortality [59], and the relationship between hepatocel-
lular carcinoma and cellular immunity is a prime research
topic because cellular immunity plays an important role in
tumor development. Li et al. [4] showed that Tim-3 expres-
sion on CD4+ and CD8+ T cells in HCC is greater than in
adjacent tissues. They added that TIM-3+ T cells are replica-
tion-senescent and express surface and genetic markers for
senescence.

Functional studies have demonstrated that TIM-3/
galectin-9 signaling pathway blockade increases the function-
ality of tumor-infiltrating TIM-3+ T cells. This is shown by
increased T-cell proliferation and effective cytokine produc-
tion, and they also confirmed that the number of TIM-3+
tumor-infiltrating cells is negatively associated with patient
survival. It has been speculated that TIM-3 is involved in
anti-tumor immunity by T cells infiltrating tumor tissue
during HCC development, and the mechanism may be that
TIM-3 provides a negative regulation signal for Th1 cells by
binding to Gal-9 and inducing Th1 cell apoptosis.

TIM-3 can also induce CD8+ T cells to become
exhausted and lose proliferation and cytokine secretion,
thus resulting in immune tolerance. Hume [42] found that
TIM-3 modulates the innate immune response through
macrophage polarization and halts liver cancer develop-
ment and progress. Studies further revealed that TIM-3
gene polymorphisms have important roles in hepatocel-

lular carcinoma characteristics, and susceptibility to it. The
-1616G/T polymorphism in the TIM-3 promoter region is
associated with these hepatocellular carcinoma character-
istics, including tumor grade and lymph node metastasis.
Patients with high tumor grade and lymph node metastases
tend to have higher frequencies of genotype GG, TT and
allele T [60]. These studies shed light on the regulation of
TIM-3 in innate and adaptive immunity and provide a new
target in HCC immunotherapy.

TIM-3 and gastric cancer. Gastric cancer ranks fourth
in most common cancers and the second leading cause of
cancer-related deaths. Although its incidence and mortality
have declined in European countries in recent decades,
gastric cancer remains one of the most common cancers in
China [61, 62].

Cheng et al. [5] used flow cytometry to detect the expres-
sion of TIM-3 in 52 patients with gastric cancer and 15
patients with gastritis. The results showed that CD4+ T and
CD8+ T cell TIM-3 expression in gastric cancer patients
was significantly higher than that in those with gastritis.
The expression of Tim-3 in CD4+ T cells was related to the
depth of invasion, lymph node metastasis and TNM staging
in gastric cancer, but in CD8+ T cells it was only related to
the TNM stage. Results suggest Tim-3 has an important role
in the invasion and metastasis and is an adverse prognostic
factor in gastric cancer.

A further study found that TIM-3 gene polymorphisms
were related to gastric cancer. Individual genotype analysis
established that the -1516G/T, -574G/T and 882C/T
polymorphic loci of the TIM-3 gene promoter were associ-
ated with susceptibility to this cancer, and the -1516G/T
locus promoted distant metastasis [63]. Jiang et al. [8] then
recorded that the survival rate of patients with positive Tim-3
expression tumors was significantly lower than those with
negative Tim-3 expression, and univariate and multivariate
analysis confirmed that Tim-3 over-expression in tumor cells
influenced poor gastric cancer prognosis.

TIM-3 and lung cancer. Lung cancer is the leading cause
of cancer-related death worldwide. In China, the incidence
of lung cancer has grown rapidly, resulting in great social and
economic burden. The high mortality rate is primarily due
to difficulty in diagnosing lung cancer in early stages and the
rapid progression in later stages [64].

Ji et al. [65] indicated that the expression of TIM-3 on
CD4+ TILs or CD8+ TILs in tumor tissues was significantly
higher than on these cells in adjacent normal lung tissue.
Moreover, TIM-3 expression on CD4+ TILs correlated with
poor patient prognosis in non-small-cell lung cancer. Gao
et al. [66] then reported that plasma exosomal TIM-3 was
significantly higher in that cancer than in healthy samples,
and high TIM-3 levels positively correlated with several
malignant parameters, including larger tumor size, advanced
stages and increased lymph node and distant metastases.
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TIM-3 and breast cancer. Breast cancer is the most
common cancer globally diagnosed in women, and although
treatment options have improved the overall 5-year 90%
survival rate varies with individual response [67].

Shen et al. [68] determined that TIM-3 mRNA expres-
sion in tumor-infiltrating lymphocytes was significantly
higher than in para-cancerous tissues. There were significant
differences in TIM-3 mRNA expression in the tumor-infil-
trating lymphocytes in different tumor histological grades,
tumor size and lymph node metastasis. Cheng et al. [69]
investigated whether the -1516G/T, -574G/T and +4259T/G
single-nucleotide polymorphisms (SNPs) in the TIM-3 gene
contribute to genetic susceptibility to invasive breast cancer
in the Northern China Han ethnicity and determined that
the +4259T/G SNP in the TIM-3 gene has an important role
in breast cancer prognosis and progression.

TIM-3 and pancreatic cancer. Despite continued
improvement in conventional therapy, the incidence of
pancreatic cancer has increased in China in recent years
and it is widely considered a top ten cause of cancer related
mortality [70]. Peng et al. [71] observed that TIM-3 expres-
sion in pancreatic cancer tissues was elevated and statistically
significant compared to local normal tissues. The high TIM-3
expression in the cancerous tissues was closely related to cell
invasion, metastasis and recurrence. Tong et al. [72] then
investigated the correlation of TIM-3 polymorphisms with
susceptibility to pancreatic cancer in the Chinese population
and identified that +4259TG genotype and +4259G allele
prevalence were significantly higher in cancer than in controls.
These results strongly suggest that TIM-3 gene polymor-
phisms are risk factors in pancreatic cancer development.

TIM-3 and prostate cancer. Prostate cancer is a hetero-
geneous disease and one of the most common malignancies
in men and second-ranking in male cancer mortality [73].
The incidence is increasing annually [74], and advanced
diagnostic techniques and effective markers are essential not
only for early detection of this painless cancer but also to
prevent over-treatment.

Piao et al. [6] showed that the expression of TIM-3 in
prostate cancer was significantly higher than in adjacent
benign tissues, and that TIM-3 is expressed in both DU145
and LNCap prostate cancer cell lines. However, while flow
cytometry indicated that TIM-3 expression on CD4+T and
CD8+T cells in prostate cancer patients was significantly
higher than in those with benign prostatic hyperplasia, TIM-3
siRNA inhibited these cells’ proliferation and invasion. The
combined results suggest that TIM-3 has an important role
in prostate cancer progression and invasion and may be one
of the poor prognostic factor for these patients. Previously,
Yuan et al. [75] confirmed the prognostic effect of TIM-3
on renal clear cell carcinoma using the same method, so the
results are consistent. In summary, TIM-3 has an important
role in the proliferation and invasion of prostate cancer cells
and can be used as an indicator of poor prognosis.

TIM-3 and ovarian cancer. Ovarian cancer is the most
lethal gynecological cancer and the fifth leading cause of
cancer death in American women [76]. Over 70% of ovarian
cancer women had advanced tumor cells throughout the
peritoneal cavity [77], and although there is surgical resec-
tion and radiotherapy combined with chemotherapy, its
efficacy is limited by drug resistance [78]. There is therefore
urgent need to develop new treatment options.

Wu et al. [7] analyzed expression of TIM-3 in periph-
eral blood CD4+ T and CD8+ T cells in 53 ovarian cancer
patients and 56 healthy controls by flow cytometry. Results
established that TIM-3 expression in peripheral blood CD4+
T and CD8+ T cells was significantly higher than in healthy
controls and the TIM-3+ CD4+ T cells were more numerous
in recurrent patients than in newly diagnosed patients. The
expression level of TIM-3 in CD4+ T and CD8+ T cells in I1I/
IV stage patients was also significantly higher than in stages
I/I1, and this expression in well differentiated patients was
higher than in poorly differentiated patients.

Studies have also shown that TIM-3 may be involved
in the development and progression of ovarian cancer as a
negative regulator of T cell subsets, and the TIM-3 expres-
sion on CD4+ T cells may therefore be a predictor of anti-
tumor therapeutic effect. Guo et al. [50] then injected the
anti-TIM-3 and anti-CD137 antibody into ovarian cancer
models and this significantly inhibited 60% tumor growth
within 10 days in the mouse model. While these mice
survived 90 days, separate administration of anti-TIM-3 or
anti-CD137 antibody could only inhibit this in 3 days, and
this procedure in the rat model also proved ineffective within
10 days.

This combination of the two antibodies increased the
number of CD4+ T, CD8+ T cells in tumor tissue and
reduced the number of immunosuppressive Treg and MDSC
cells. Consequently, the proportion of CD4+ T, CD8+ T
and MDSC significantly increased and immune response
was enhanced. In summary, TIM-3 has a very important
role in ovarian cancer development and progression, and it
may therefore prove successful as a new therapeutic target in
ovarian cancer.

TIM-3 and cervical cancer. Cervical cancer in women
ranks second only to breast cancer, and new instances are
constantly increasing. This is despite the knowledge that this
tumor is one of the most easily preventable malignancies of
all [79].

Cao et al. [80] found that TIM-3 was preferentially
expressed in cervical cancer cells compared to intra-cortical
neoplasia (CIN) and chronic cervicitis. Patients with high
TIM-3 expression also had higher metastatic potential,
higher tumor grade and lower survival rate than those with
low expression. Meanwhile, ADV-antisense TIM-3 down-
regulated TIM-3 expression in HeLa cells and inhibited
their ability to metastasize and invade. TIM-3 inhibited the
CD4+T lymphocyte activity and promoted tumor metas-
tasis by activating the IL-6-STAT3 signaling pathway. This
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study implies that TIM-3 can inhibit cellular immunity and
promote tumor metastasis through the IL-6-STAT3 signaling
pathway, and that TIM-3 could be a useful independent
prognostic indicator in cervical cancer.

Conclusion

Our study of TIM-3 expression and mechanisms in tumor
patients confirmed that TIM-3 has a very important role
in tumor immunity. TIM-3 can induce Thl cell apoptosis,
promote CD8+T cell depletion and promote both M2 macro-
phage polarization and myeloid-derived suppressor cell
proliferation to suppress the immune response. This conse-
quently develops the immuno-suppressive tumor micro-
environment and leads to immune tolerance; with resultant
tumor occurrence, development and poor prognosis. TIM-3
may therefore be a successful new target in tumor therapy
because blocking the TIM-3 signaling pathway can modulate
cellular immune response. This then inhibits tumor occur-
rence and development. Although TIM-3’s precise mecha-
nism and role in tumors is still not clear and requires further
research, we believe that TIM-3 will become a new target in
tumor therapy and that it will bring new hope to cancer treat-
ment by further research.
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