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Natural killer (NK) cells are innate immune cells that become progressively exhausted in advanced stage cancer,
crippling their ability to execute antitumor functions. We previously characterized the nature of NK cell exhaustion in
metastatic melanoma patients, reporting a correlation with high expression of TIM-3. Blockade of this immune
checkpoint molecule reversed the exhausted phenotype and improved NK cell function.

Among the most promising approaches
to activate antitumor immunity is the
blockade of the checkpoint molecules
cytotoxic T lymphocyte-associated protein
4 (CTLA-4) and programmed cell death 1
(PD-1), immunotherapies which contrib-
ute to improved overall survival in the
treatment of various cancers, including
melanoma.1,2 Immune checkpoints refer
to inhibitory molecules that modulate the
duration and amplitude of immune
responses in peripheral tissues in order to
maintain self-tolerance and minimize tis-
sue damage. A number of studies have
shown that tumors can co-opt certain
immune-checkpoint pathways as a major
mechanism of tumor immune escape.
Despite the dramatic results obtained with
CTLA-4 and PD-1 blockade, a substantial
percentage of treated patients either fail to
respond or eventually progress, highlight-
ing the need to identify and target novel
immune checkpoint inhibitory molecules.
In this regard, the immune checkpoint
T cell immunoglobulin- and mucin-
domain-containing molecule-3 (TIM-3)
has emerged as a key molecule in immune
regulation and represents a promising
novel therapeutic candidate.

TIM-3 (also known as hepatitis A virus
cellular receptor 2) was initially identified
on activated CD4C T helper type 1 (Th1)

and CD8C cytotoxic T type 1 (Tc1) cells
and its sustained expression has been
shown to contribute to T-cell exhaustion,
a state of immune cell dysfunction that
prevents optimal control of infection and
tumors. It is characterized by poor effec-
tor function, sustained expression of
inhibitory receptors and a transcriptional
state distinct from that of functional
effector cells. Dysregulation of TIM-3
expression on immune cells has been
linked to several diseases. While low or
absent expression has been linked to
excessive inflammatory responses impli-
cated in autoimmune diseases, such as
multiple sclerosis, its overexpression con-
tributes to inhibition of the immune
response in chronic viral infections and
cancers. For example, TIM-3 is co-
expressed with PD-1 on human tumor-
specific CD8C T cells, and studies in
murine models in vivo have shown that
Tim-3 blockade alone, or especially in
combination with anti-PD-1, is able to
reverse T-cell exhaustion and control
tumor growth in several tumor models,
including melanoma.3,4 Natural killer
(NK) cells play a key role in antitumor
responses through interferon g (IFNg)
production and direct cytotoxicity against
tumor cells. However, once they have
reached the tumor site, they may become

exhausted and display profound func-
tional defects5-7 that render them unable
to display optimal antitumor responses.
While T-cell exhaustion has been exten-
sively characterized in many contexts, this
phenomenon remains underexplored in
the case of NK cells. Thus, we character-
ized NK cell phenotypes in the context of
metastatic melanoma and examined how
TIM-3 expression affects the activity of
these innate immune cells.8

Compared to their counterparts iso-
lated from healthy donors, we found that
peripheral NK cells from patients with
metastatic melanoma (Stage III and IV)
display an exhausted phenotype, as indi-
cated by higher expression of inhibitory
receptors (e.g., KIR3DL1 and KIR2DL3),
a lower expression of activating receptors
(e.g., NKG2D, NpP46 and DNAM-1),
an impaired response to IL-2 and IL-15
due to downregulation of their receptors
(IL-2R and IL-15R), and functional
defects in their ability to proliferate,
secrete cytokines and kill target cells. Gill
et al. recently described that adoptively
transferred murine NK cells are able to
traffic to the tumor site, yet fail to control
tumor growth as they become exhausted.
The authors showed that this exhausted
NK cell phenotype is characterized by
down regulation of the transcription
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factor Eomesodermin (Eomes) and can be
reversed by overexpression of Eomes.5

Interestingly, we also observed that NK
cells from patients with metastatic mela-
noma expressed reduced levels of Eomes.
Collectively, these findings demonstrate
that NK cells are exhausted and dysfunc-
tional in the blood of patients with meta-
static melanoma.

We investigated the NK cell receptor
repertoire in order to identify molecular
candidates contributing to NK cell dys-
function or exhaustion that could possibly
be targeted to reverse immune exhaustion.
TIM-3, but not CTLA-4 or PD-1, was
identified among the receptors whose
expression was upregulated on NK cells
isolated from patients with metastatic mel-
anoma.8 An analysis of a cohort of >80

melanoma patients demonstrated a pro-
gressive increase in TIM-3C NK cells cor-
responding to advancing stages of
melanoma. Notably, the expression of
TIM-3 was significantly higher in mela-
noma patients with poor prognostic fac-
tors, such as lesion thickness >1mm,
mitotic rate �1/mm2, ulceration and the
presence of metastases. Most strikingly,
blockade of TIM-3 reversed the exhausted
NK cell phenotype and substantially
restored NK cell cytotoxicity, cytokine
production and proliferation. Altogether,
these results showed that TIM-3 partici-
pates in actively inhibiting NK cell func-
tion in advanced melanoma.

While investigating TIM-3 regulation
on NK cells isolated from normal donors,
we and other groups found that the

receptor is present on resting cells but its
expression increases significantly after
stimulation with a number of cytokines,
including IL-2, IL-12, Il-15, IL-18,
IFNa.8-10 Moreover, NK cells with the
highest TIM-3 levels corresponded to the
most active cells, in other words, the most
cytotoxic subset with the highest IFNg
production. To determine the function of
TIM-3 on NK cells, we developed differ-
ent systems to engage and cross-link the
receptor in order to activate its signaling
pathway including: beads coated with
anti-TIM-3 antibody; ligation with a
putative TIM-3 ligand, Galectin-9; co-
culture with melanoma cell lines lacking
or expressing Galectin-9; and a reverse-
antibody dependent cell cytotoxicity assay.
Using these tools, we determined that

Figure 1. The expression and role of TIM-3 in natural killer (NK) cells. NK cell activation, through exposure to different cytokines (e.g., IL-2, IL-15. Il-18 and
IL-12), leads to an increase in TIM-3 expression (activation marker – upper part of the figure). In the context of chronic inflammation, such as occurs in can-
cer or chronic viral infection, TIM-3 is overexpressed on NK cells and plays an important role in inducing exhaustion of these cells (exhaustion marker –
lower part of the figure). TIM-3, T cell immunoglobulin- and mucin-domain-containing molecule-3; Eomes, eomesodermin.
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upon activation, Tim-3 functions as an
inhibitory receptor on NK cells by reduc-
ing their cytotoxicity and cytokine pro-
duction. Like PD-1 on T cells, our
findings indicate that TIM-3 limits the
duration and magnitude of NK cell
responses. In conclusion, our study indi-
cates that TIM-3 is not only a marker for
NK cell activation/maturation, but that it
also curtails NK cell function to prevent
chronic activation and inflammation. In
certain contexts such as cancer, sustained
TIM-3 expression and function contrib-
utes to their exhaustion state (Fig. 1),
much like it does on T cells.

Our study provides the first demon-
stration that NK cells from patients with
advanced melanoma display an exhausted

phenotype, and, that in this context,
TIM-3 blockade is able to reverse NK cell
exhaustion and improve function. These
findings support the development of
TIM-3-targeted therapies to restore anti-
tumor responses that are dependent not
only upon T cells, but also the innate
immune system. One can speculate that
compared with CTLA-4 and PD-1 block-
ade, fewer adverse events might be
expected with TIM-3 blockade given that
Tim-3 deficient mice do not show any evi-
dence of auto-immunity. Although the
reversal of NK cell exhaustion is signifi-
cant, it is not complete and it is likely that
other molecules or pathways are involved.
Therefore, combinatorial strategies might
be the most promising approach to restore

effective antitumor immune responses and
limit cancer cell immune escape. Unravel-
ing the mechanisms underlying the role
of TIM-3 on other immune cells and
the TIM-3 signaling pathway will open
the way to developing new therapeutic
strategies for immune-related disorders.
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