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Monoclonal antibody (mAb)-based treatment of cancer
has a significant effect on current practice in medical
oncology, and is considered now as one of the most
successful therapeutic strategies for cancer treatment. MAbs
are designed to initiate or enhance anti-tumor immune
responses, which can be achieved by either blocking
inhibitory immune checkpoint molecules or triggering
activating receptors. TIM gene family members are type-|
surface molecules expressed in immune cells, and play
important roles in the regulation of both innate and adaptive
arms of the immune system. Therapeutic strategies based on
anti-TIMs  mAbs have shown promising results in
experimental tumor models, and synergistic combinations of
anti-TIMs mAbs with cancer vaccines, adoptive T-cell therapy,
radiotherapy and chemotherapy will have great impact on
cancer treatment in future clinical development.

Introduction

The use of monoclonal antibodies (mAbs) in cancer therapy
has achieved considerable success in recent years as a result of the
accumulating knowledge of cancerous conditions."* Cancer cells
build a microenvironment that includes in addition to cancer
cells: immune cells, fibroblasts, endothelial cells, extracellular
matrix, cytokines, and various receptors, and the interactions of
these components have substantial effects on tumor suppression
or progression, cancer cell stemness, and resistance to cancer ther-
apy.>* The application of appropriate mAbs constitutes an
attractive approach in cancer therapy that depends on in-depth
understanding of the characteristics of each tumor.

MAbs used in the field of cancer immunotherapy can be
divided into two types: (1) mAbs that directly bind to its targets
on cancer cells; and (2) mAbs that are designed to manipulate
immune responses against tumors by targeting specific molecules
expressed in or by immune cells, such as the targeting of immune
checkpoints on immune cells.”® Immune checkpoints are mole-
cules expressed in immune cells, and play important roles in the
maintenance of self-tolerance and control of immune response.”
However, accumulating evidence has shown that tumors can
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manipulate certain immune checkpoint signaling pathways,
which results in tumor escape from immune surveillance and
inhibition of antitumor immune response.7 On the other hand,
because many of the immune checkpoints are expressed on the
surface of immune cells, they can be easily targeted by mAbs,
and, indeed the enhancement of antitumor immune responses
using immunostimulatory mAbs against immune checkpoint
molecules is now considered one of the powerful and promising
strategies in cancer therapy.® The first application of this strategy
was the use of immunostimulatory mAbs against cytotoxic T-
lymphocyte-associated antigen 4 (CTLA-4).” Ant-CTLA-4
mAbs are effective to rescue T cell dysfunction and trigger
immune response against tumors in experimental models and
preclinical testing, and have reached the clinic after successful
testing in Phase 3 clinical trials for patients with malignant mela-

10,11
noma.

These preliminary clinical findings encourage research
to identify molecules involved in the regulation of tumor immu-
nity and antitumor response, which are needed to enable devel-
opment of new mAbs against immune-checkpoint molecules to
enhance antitumor immunity and produce durable clinical
responses.

T cell immunoglobulin and mucin domain (TIM) proteins
are type-I cell-surface molecules that share a unique structure,
including an N-terminal immunoglobulin (Ig)-like domain, a
mucin domain with O-linked and N-linked glycosylation, a sin-
gle transmembrane domain, and a cytoplasmic region with tyro-
sine phosphorylation motifs, except in TIM-4 (Fig. 1).">'? The
TIM gene family consists of eight members (77M-1-8) located
on chromosome 11B1.1 in mouse, and three members (77M-1,
TIM-3, and TIM-4) located on chromosome 5q33.2 in human,
in a region that links to asthma, allergy and autoimmune dis-
eases.'>'? TIM family proteins (TIMs) are expressed on a wide
variety of immune cells in addition to non-immune cells such as
epithelial cells. However, the expression of TIMs has also been
observed in other cell types, such as endothelial cells, stromal cells
and transformed cells in chronic viral infections and cancer, sug-
gesting that TIMs play important roles in the pathological pro-
cess of these conditions.'® Additionally, several studies have
clarified the involvement of TIMs in the regulation of a wide
variety of immune conditions including allergy, asthma, trans-
plant tolerance, autoimmunity, and antiviral immunity.'>'®
Thus, these findings raise the possibility that TIMs serve as criti-
cal checkpoint machineries to regulate immune homeostasis and
inflammation. More importantly, accumulating evidences have
unveiled the critical roles of TIM members in the regulation of
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Figure 1. Schematic structure and expression of TIM gene family members. TIM genes encode type-I cell-surface glycoproteins that consist of an extracel-
lular IgV domain, a mucin-like domain, a stalk domain, a transmembrane domain, and an intracellular cytoplasmic tail with tyrosine phosphorylation sites.
TIMs are expressed in a wide variety of cells, including both immune and non-immune cells. Figures were produced using Servier Medical Art.

innate and adaptive immune cells at tumor microenvironment,
which have substantial effects on tumor immunosurveillance and
antitumor immune response, and consequently on the clinical
outcome of cancer therapy.'” These advances have encouraged
the generation of several mAbs to target TIMs that have been
evaluated in various experimental models. In this review, we
briefly introduce TIMs shared between mouse and human
(TIM-1, TIM-3, and TIM-4), highlight the functions of each
TIM in tumor microenvironment, and describe recent progress
in studies that utilize anti-TIMs mAbs, their application and the
therapeutic effects observed and expected in the field of cancer
immunotherapy.

TIM-1
In 2001, TIM-1, or kidney injury molecule-1 (KIM-1) as

originally named, was the first member of the 77M gene family
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to be reported. It was identified after the screening of rat and
human cDNAs to identify molecules involved in processes of
injury and repair of the tubular epithelium of the kidney.'®
TIM-1 expression was found to be dramatically increased in
post-ischemic kidney, suggesting that TIM-1 may play an impor-
tant role in the restoration of the morphological and functional
integrity to post-ischemic kidney.'® Later studies identified the
expression of TIM-1 on T cells, where it plays different roles in
the regulation of T cell functions. Some reports suggest that
TIM-1 acts as a co-stimulatory molecule for T cell activation,
while others suggest a role for TIM-1 as an immune checkpoint
which inhibits T cell activities.'**

Several mAbs have been generated to target and manipulate
TIM-1 functions in vitro and in vivo (Table 1). The therapeutic
effects of these mAbs were tested in a variety of murine models of
allergic and autoimmune diseases. Agonistic mAbs of TIM-1 such
as 3B3 and 1H8.2 clones were found to increase lymphocytes
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Table 1. Blocking monoclonal antibodies of TIM-1

Clone Host Model Effects Ref.
3B3 C57BL/6 Xenograft transplantation Lymphocyte proliferation 1 Tolerance |, 21
BALB/c Ovalbumin-induced allergy Lymphocyte proliferation 4 22
IL-4, IL-10, IFN-y production in CD4+ T cell 4
BALB/c Cardiac allograft IL-17+ CD8+ T17 cell |, 23
SJL Autoimmune encephalomyelitis Antigen specific T cell proliferation 1 24
IL-4, IL-17, [FN-y 4
SIL Autoimmune encephalomyelitis Immunogenic DC 4 Suppressive Treg |, 25
IL-1B, IL-4, IL-6, IL-10, IL-23, IFN-y, TNFa, TGFB 1
1H8.2 BALB/c Ovalbumin-induced lung inflammation Lymphocyte proliferation 4 26
IL-2, IL-4, IL-5, IL-6, IL-10, IL-13, TNFa, IFN-y 1
RMT1-4 C57BL/6 Bleomycin-induced pulmonary fibrosis IFN-y production in NKT cell | 27
IL-4, IL-10, IL-13 ¢
RMT1-10 SIL Autoimmune encephalomyelitis Antigen specific T cell proliferation |, 24
IL-17, IFN-y | IL-4, IL-10%
SIL Autoimmune encephalomyelitis IL-4, IL-101 IFN-y | 25
C57BL/6 Bleomycin-induced pulmonary fibrosis IFN-y production in NKT cell | IL-10 4 27
C57BL/6 Crescentic glomerulonephritis Accumulation of Neutrophil, macrophage, CD4+ T cell | Tregt 28
IL-1B, IL-12, IL-17, TNFa, IFN-y |, IL-4, IL-101
C57BL/6 Islet allograft IL-10 in B cell 1 29
C57BL/6 Lupus nephritis CD4+ T cell proliferation | Treg and B cell 4 30
IL-2, IL-4, IL-17, IFN-y |, TGFB 1
C57BL/6 Cisplatin nephrotoxicity Accumulation of CD4+ and CD8+ T cell |, 31
IL-1B, IL-6, IFN-y, TNFa | IL-10 4
CXCLT, CXCL2, CXCL9, CXCL10, CCL2, CCL3, CCL5, ICAM1 |
C57BL/6 Hepatic ischemia-reperfusion injury Accumulation of Neutrophil, macrophage, T cell | 32
IL-6, TNFa, IL-18, IFN-y, CXCL-1, CXCL-2 |
BALB/c Short ragweed pollen Eosinophil infiltration | 33
IL-10, IL-13, and IFN-y production 1
BALB/c Corneal allograft CD4+ T cell proliferation | Treg 1 34
IL-4, IFN=y | TGFB 1
RMT1-17 BALB/c Immunization with ovalbumin B cell proliferation 1 29
IgG2b, 1gG3 1
3A25 BALB/c Ovalbumin-induced lung inflammation Lymphocyte proliferation | 26
IL-4, IL-5, IL-104,
4A2.2 BALB/c Ovalbumin-induced lung inflammation Lymphocyte proliferation | 26
IL-4, IL-5, IL-10, IL-13]
222414 BALB/c Ovalbumin-induced asthma Macrophage and eosinophils infiltration | 35
IL-4, IL-5, IL-10, IL-13 |
BALB/c Peanut-induced allergy Lymphocyte proliferation | 36
IgE secretion from mast cells |, IL-4, IFN-y |
C57BL/6 Bleomycin-induced pulmonary fibrosis IFN-y production in NKT cell | 26
BALB/c H1N1 influenza Lymphocyte proliferation 4 37

IL-4, IFN-y production in CD4+ T cell 4

proliferation and infiltration, enhance the production of pro-
inflammatory cytokines, and suppress the production of
anti-inflammatory cytokines.”' 2 The administration of agonistic
anti-TIM-1 mAbs in vivo results in enhanced inflammation, e.g.,
pulmonary inflammation,** accelerates reject of transplanted xeno-
grafts,zl’23 and worsen the severity of autoimmune diseases.>*?°
On the other hand, antagonistic mAbs of TIM-1, such as
RMT1-4,>" RMT1-10,>%>%3% 3A25, and 4A2.2°° clones,
were found to limit the proliferation and infiltration of lympho-
cytes, decrease pro-inflaimmatory cytokines and increase anti-
inflammatory cytokines.”® Other clones such as 222414 were
found to elicit different immune responses depending on the

35

model. 222414 clone has antagonistic effects in asthma® and

1’26,36

allergy mode while it shows agonistic effects in influenza
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infection.”” The administration of antagonistic anti-TIM-1 mAbs
results in a significant decrease in inflammation such as asthma®’
and allergy,”®*® and helps to attenuate inflammation in autoim-
mune disease”*?” and cisplatin-induced nephrotoxicity.”"

As described above, the roles of TIM-1 in the regulation of
immune responses have been particularly studied in inflamma-
tory conditions. However, littdle is known about the role of
TIM-1 in the tumor microenvironment or the application of
anti-TIM-1 mAbs in cancer treatment. Growing evidence has
unveiled the important roles of inflammation at different phases
of tumor development, starting from initiation, promotion, con-
version to malignancy, invasion, and metastasis.”® Inflammation
is also involved in the regulation of immune surveillance and
responses to cancer therapy.”” In this regard, it is of great interest
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to evaluate the involvement of TIM-1 in the regulation of tumor-
associated inflammation for the appropriate application of anti-
TIM-1 mAbs in cancer therapy. Agonistic mAbs of TIM-1 are
expected to trigger or amplify antitumor immune responses
through the enhancement of infiltration and proliferation by
lymphocytes and the production of proinflammatory cytokines,
but may increase the risks of worsening tumor-induced inflam-
mation. On the other hand, antagonistic mAbs may be used to
attenuate inflammation and prevent inflammation-related tumor
progression. However, the therapeutic effects of anti-TIM-1
mADbs should be carefully evaluated in transplant and naturally
occurring tumor models.

TIM-3

Following the discovery of TIM-1, in 2002 TIM-3 became
the second member of 77M gene family to be identified as a mol-
ecule expressed selectively on interferon (IFN)-y-secreting CD4™
T helper 1 and CD8" T cytotoxic cells in mice and humans.*’
However, TIM-3 was shown later to be expressed on a wide vari-
ety of immune cells, including dendritic cells, macrophages,

Table 2. Blocking monoclonal antibodies of TIM-3

natural killer (NK) cells, T cells, B cells, and non-immune cells
such as epithelial cells, endothelial cells and stromal cells.!1¢
Furthermore, recent studies have identified the expression of
TIM-3 on cancer cells, especially those with stem-like
properties.40

TIM-3 plays important roles in the regulation of both arms of
innate and adaptive immunity.*"*? In tumors, TIM-3 expression
is induced in innate immune cells, e.g., dendritic cells and macro-
phages, by tumor-released factors such as interleukin (IL)-10 and
vascular endothelial growth factor, leading to a suppression of
innate responses to nucleic acids released from apoptotic tumor
cells by interacting with HMGB1.% Additionally, TIM-3 serves
as an exhaustion marker for T cells in tumors. TIM-3 interacts
with galectin-9 and causes exhaustion and apoptosis of antigen-
specific CTLs, which correlates with impaired antitumor
immune responses.*>*® TIM-3 expression was also observed on
Foxp3™ regulatory T cells; however, the function of TIM-3 in
this population should be explored in future studies.””

Several blocking mAbs have been generated to target mouse
and human TIM-3 (Table 2). RMT3-23 is a blocking mAb that
targets mouse TIM-3, and has been widely used and tested in

Clone Host Model Therapy Effects Ref.
RMT3-23 C57BL/6 Melanoma (B16-F10) Antibody therapy Tumor growth, 48
C57BL/6 Melanoma (B16-F10) Antibody therapy Treg suppressive functions,, 49
C57BL/6 Melanoma (B16-F10) Tumor vaccination Inhibition of tumor growth 50
(FVAX) NK cell infiltration 1 NK cell activation 4
C57BL/6 Melanoma (B16-F10) DNA vaccine (gp100) Inhibition of tumor growth 50
NK cell infiltration 1 NK cell activation 1
C57BL/6 Melanoma (B16-F10) DNA vaccine (TRP2) Tumor growth, 44
Interferons? IL-124 NK cell activation 4
C57BL/6 Colon cancer (MC38) Chemotherapy Tumor growth, 44
(Cisplatin)
C57BL/6 Colon cancer (MC38) Antibody therapy Tumor growth, 48
CD4+ and CD8+ T cell 4 IFN-y production 4
BALB/c Colon cancer (CT26) Antibody therapy Tumor growth| CD4+ and CD8+ T cell 48
BALB/c Colon cancer (CT26) Antibody therapy Treg suppressive functions |, 49
C57BL/6 Colon cancer (CT26) Antibody therapy Treg suppressive functions |, 49
C57BL/6 Sarcoma (WT3) Antibody therapy Tumor growth|, IFN-y production 1 48
C57BL/6 Prostate carcinoma Antibody therapy Tumor growth|, 48
(TRAMP-C1)
C57BL/6 Ovarian cancer (ID8) Combination with Tumor growth| CD4+ and CD8+ T cell 51
anti-CD137 CD4-+FoxP3+ Treg | CD11b+Gr-14+MDSC cell |
C57BL/6 Phagocytosis of Antibody therapy Phagocytosis / cross presentation by CD8+ DC, 52
apoptotic cells Auto-antibody productiont
8B.2C12 BALB/c Colon cancer (CT26) Antibody therapy tumor growth |, IFN-y production 4 49
2E2 PBMC Melanoma Peptide vaccination Proliferation of NY-ESO-1+ CD8+ T cell 4 45
IFN-y production 4
PBMC Melanoma Peptide vaccination Proliferation of NY-ESO-1+ CD8+ T cell 4 46
IFN-y, TNFat
PBMC Melanoma In vitro blockade NK cell-mediated cytotoxicity 1 53
IFN-y production 1 NK cell proliferation 4
AF2365 PBMC Melanoma In vitro blockade NK cell-mediated cytotoxicity 1 53
ATIK2a BALB/c Acute myeloid Antibody-dependent Elimination of TIM-3 expressing leukemia stem cell 54,55
leukemia (AML) cell-mediated (LSC)
cytotoxicity
344823 Human NK cell Cytotoxic assay In vitro blockade NK cell-mediated cytotoxicity |, 56
344801 Human NK cell Cytotoxic assay In vitro blockade NK cell-mediated cytotoxicity | 56
www.landesbioscience.com mAbs 1127
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Figure 2. Primary immune effects mediated by anti-TIMs mAb. Anti-TIMs mAbs are a powerful tool to manipulate the functions of innate and adaptive

derlined clones refer to human mAbs. Figures were produced using Servier

44,48-50 colon

sarcoma,’® prostate carcinoma,®® and
Monotherapy with RMT3-23 clone was effec-
tive to increase tumor-infiltrating IFN-y-producing CD4" and
CD8™ T cells and suppress Treg functions in sarcoma and colon
adenocarcinoma models.***° RMT3-23 clone has also shown
synergistic effects when combined with anti-CD137 mAb, result-
ing in increased tumor-infiltrating CD4" and CDS8' T cells,
decreased Treg and MDSCs, and suppressed tumor growth in
ovarian cancer model.”’ RMT3-23 mAb was also used in combi-
nation with other cancer therapy. In combination with cancer
vaccines, such as DNA vaccines encoding melanoma-derived

various murine tumor models including melanoma,
. 44,4849
adenocarcinoma,

. 1
ovarian cancer. >

antigens (e.g., TRP2, gp100), or tumor cell vaccine FVAX (irra-
diated B16 melanoma cells engineered to continuously secrete
Flt3 ligand), RMT3-23 mAb triggers an effective antitumor
immune response against established B16 melanomas. This
response was mediated by enhanced production of IFNB1 and
IL-12 and increases in the frequencies of active NK and T
cells.“>° These effects were maximized when RMT3-23 clone

1128 m

was used in combination with RMT4-53 (anti-TIM-4 mAb).>°
In combination with chemotherapy, RMT3-23 clone induced
an effective immune response against MC38 colon adenocarcino-
mas that was accompanied by increased levels of pro-inflamma-
tory cytokines such as IFNB1 and IL-12.** Monotherapy with
other mAbs targeting TIM-3, such as 8B.2C12 clone, has also
induced a potent antitumor immune response against colon
adenocarcinomas with elevated levels of TFN-vy production.49
MAbs of human TIM-3 have shown similar results observed in
mouse. 2E2 and AF2365 clones were effective to enhance prolif-
eration and cytotoxic activities of NK cells, and to expand anti-
gen-specific CD8" T cells with increased IFN-y production
when combined with peptide vaccination of melanoma,*>4¢>3
ATIK2a clone, another mAb that targets human TIM-3, was
found to induce antibody-dependent cell-mediated cytotoxicity
(ADCC), and was effective in eradicating TIM-3-expressing leu-
kemia stem cells in an acute myeloid leukemia model.’*>> On
the other hand, 334823 and 344801 clones may act as antagonist
mAb because the cross-linking of these mAb with its targets on

Abs Volume 6 Issue 5



Table 3. Blocking monoclonal antibodies of TIM-4

Clone Host Model Therapy Effects Ref.
RMT4-53 C57BL/6 Melanoma (B16-F10) DNA vaccine (gp100) Tumor growth|, 50
T cell infiltration 1 T cell activation 1
C57BL/6 Melanoma (B16-F10) Tumor vaccination (FVAX) Tumor growth 50
T cell infiltration 1 T cell activation 1
C57BL/6 Melanoma (B16-F10) Chemotherapy (Cisplatin) Tumor growth 62
Antigen presentation 1 IFN-y-producing T cells 1
C57BL/6 Colon cancer (MC38) Chemotherapy (Cisplatin) Tumor growth 62
Antigen presentation 1 IFN-y-producing T cells 1
C57BL/6 Colon cancer (MC38) Chemotherapy (Oxaliplatin) Tumor growth 62

Antigen presentation 1 IFN-y-producing T cells 1

NK cells has suppressed NK cell-mediated cytotoxicity in in vitro
experiments.%

Together, the expression of TIM-3 in innate and adaptive
immune cells, in addition to tumor cells, makes it an attractive
target to enhance immune responses against tumors or to eradi-

cate TIM-3-expressing cancer stem cells.

TIM-4

To identify genes regulated by lymphotoxin signaling path-
way, cDNA expression microarrays were used to compare profiles
of splenic gene expression in mice with single lymphotoxin-a
(LTa), tumor necrosis factor (TNF), or combined LTa/TNF
deficiencies with wild-type C57BL/6 controls. This led to the
identification of a gene that is selectively downregulated in
spleens of LT a- or LTB-deficient mice, and was originally named
SMUCKLER (spleen, mucin-containing, and knockout of lym-
photoxin).5 7 Sequential and structural analysis of this gene
revealed similar characteristics of 7/M gene family, and thus it
was renamed TIM-4.” TIM-4 shares the same structure with
other TIM family members, but it also has unique features.'”"”
In contrast to other TIMs, TIM-4 lacks the putative tyrosine
phosphorylation sequence in its intracellular domain that is
implicated in signaling by other TIMs, which suggests a role for
TIM-4 as a binding receptor more than a signaling receptor.’®
TIM-4 is expressed exclusively in antigen presenting cells (APCs)
such as dendritic cells and macrophages,”® where it serves as a
binding receptor of phosphatidylserine (PS) and enhances the
engulfment of apoprotic cells.®” However, the function of TIM-
4 as a PS receptor seems to be dependent on the subset of APCs.
For example, TIM-4 serves as a critical phagocytosis receptor in
peritoneal macrophages, since the deficiency of TIM-4 results in
a significant decrease in the ability of peritoneal macrophages to
engulf apoprotic cells.’ However, splenic and tumor-associated
macrophages were still able to engulf apoptotic cells even in the
absence of TIM-4, suggesting the existence of other phagocytosis
receptors expressed in these subsets of APCs.®"

Recent studies have identified a novel role of TIM-4 in the
regulation of tumor immunity and antitumor immune
responses.”> TIM-4 plays an important role in controlling
tumor-specific responses through regulation of processing and

www.landesbioscience.com
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presentation of antigens derived from phagocytized apoptotic
tumor cells. TIM-4 was found to interact with metabolic sensor
AMPKal (adenosine monophosphate-activated protein kinase)
in tumor-associated macrophages after the engulfment of apopto-
tic tumor cells.®* This interaction led to excessive degradation of
tumor-derived antigens via autophagy-mediated mechanisms.®*
Additionally, TIM-4 may be involved in the removal of tumor
antigen-specific T cells, which was previously shown in an influ-
enza infection model.®’

The therapeutic effects of TIM-4 blockade in cancer therapy
were confirmed by RMT4-53 clone against mouse TIM-4.%%%2
This clone was effective in triggering a potent antitumor immune
response against tumors such as melanoma and colon adenocarci-
noma.’”® These studies combined RMT4-53 clone with cancer
vaccines, such as DNA vaccines or the tumor cell vaccine
(FVAX) against B16 melanoma,”® or in combination with che-
motherapy cytotoxic agents such as cisplatin or oxaliplatin against
colon adenocarcinoma.®” RMT4-53 clone has increased the fre-
quencies of IFN-y-producing CD8™ T cells and inhibited tumor
growth.”® Additionally, as mentioned previously, RMT4-53 syn-
ergized with RMT3-23 to maximize the therapeutic effects of
cancer vaccines against B16 melanomas through NK and T cell-
mediated mechanisms.”® Although no reports about mAbs that
target human TIM-4 are available, one study suggests that the
targeting of IgV domain of TIM-4 in a region thought to be criti-
cal for TIM-1 binding by specific shRNA may enhance the thera-
peutic effects of vaccination against gastric cancer.”* The
generation of blocking mAbs that target human TIM-4 is thus a
promising area of research for identification of therapeutics that
may enhance antitumor immune responses against tumors.

Taken together, these observations suggest that blockade by
anti-TIM-4 mAbs serves as a promising strategy in cancer ther-
apy, in particular to enhance tumor antigen-specific T cell
responses. In this regard it is also of great interest to evaluate the
effects of anti-TIM-4 mAbs on the functions of central and effec-
tor memory T cells in future studies.

Conclusion
Activating an effective immune response against tumor is the

main goal in cancer immunotherapy, which requires an
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orchestrated actions mediated by various types of immune cells,
including APCs such as dendritic cells and macrophages, NK
cells, and T lymphocytes.®> On the other hand, the immunosup-
pressive microenvironment of tumors strongly interferes with
immune functions of these cells by various mechanisms.®®®”
Recent studies have identified TIM family molecules as key play-
ers for the regulation of innate and adaptive immune response in
the tumor microenvironment.'” TIM-3 and TIM-4 expression
are highly induced in dendritic cells and macrophages in
tumors.**®? TIM-3 inhibits innate immune responses mediated
by DAMPs,** while TIM-4 suppresses antigen-specific responses
by repressing presentation of immunogenic tumor-associated
antigens and establishing tolerated tumor environments.*> Addi-
tionally, TIM-3 is highly expressed on effector immune cells
such as T cells and NK cells, and serves as an exhaustion marker
for T cells and NK cells.*>40>3 Together, these results suggest
that the manipulation of TIMs functions by mAbs is a promising
and powerful strategy to initiate or amplify an existing immune
response against tumors (Fig. 2). Indeed, anti-TIMs mAbs have
been shown to improve the performance of APCs by enhancing
secretion of cytokines and antigen presentation to T cells,**®*
recovery of exhausting T cell, and NK cells.*>***>> Monothera-
pies with anti-TIMs mAbs have been evaluated in experimental

mouse tumor models, and anti-TIMs mAbs have also shown pre-
clinical synergistic effects with several forms of cancer vaccines
and chemotherapy (Tables 1-3). Another interesting area that is
still largely unexplored is the combination of anti-TIMs mAbs
with adoptive transfer of T cells. However, when thinking about
combining treatments with ant-TIMs mAbs, one has to be
mindful that the simultaneous or sequential manipulation of

68:69 25 a result of

TIMs could trigger untreatable autoimmunity
simultaneously inhibiting important immunological brakes.
Another obstacle to the application of anti-TIMs mAbs is the
possibility of inducing adverse toxicity, most commonly revers-
ible autoimmunity or systemic inflammatory reactions.’>®!

In conclusion, TIM molecules play critical roles in the regula-
tion of tumor immunosurveillance and anti-tumor immunity,
and anti-TIMs mAbs can be utilized as potent tools to manipu-
late the functions of various immune cells, and thus orchestrate
immune responses against tumors. The molecules have the
potential to greatly impact the therapeutic effects of cancer
regimens.
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