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Summary

T cell immunoglobulin and ITIM domain (TIGIT) is an inhibitory receptor
expressed on lymphocytes that was recently propelled under the spotlight
as a major emerging target in cancer immunotherapy. TIGIT interacts
with CD155 expressed on antigen-presenting cells or tumour cells to down-
regulate T cell and natural killer (NK) cell functions. TIGIT has emerged
as a key inhibitor of anti-tumour responses that can hinder multiple steps
of the cancer immunity cycle. Pre-clinical studies indicated that TIGIT
blockade may protect against various solid and haematological cancers.
Several monoclonal antibodies (mAbs) that block the inhibitory activity
of human TIGIT have been developed. Clinical trials are ongoing, inves-
tigating TIGIT blockade as a monotherapy or in combination with anti-
PD1/PD-L1 mAbs for the treatment of patients with advanced solid
malignancies. In this review, we cover our current knowledge on TIGIT,
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Introduction

The immune system protects against cancer. However,
malignant cells have evolved various ways to escape immune
cell recognition and/or killing. Tumour cells may hide
themselves by down-regulating their antigen presentation
machinery or by inhibiting immune cell trafficking to the
tumour bed [1,2]. Tumour cells can also create an immune
suppressive microenvironment by secreting or promoting
the secretion of immunosuppressive cytokines such as
interleukin (IL)-10 and transforming growth factor
(TGF)-, by recruiting regulatory cells including regulatory
T cells (Trcgs), myeloid-derived suppressive cells (MDSCs)
and type 2 macrophages or by affecting immune cell
metabolism [1-3]. However, another powerful mechanism
utilized by tumour cells to evade immune surveillance is
the activation of immune checkpoint pathways [4]. These
pathways consist of receptor-ligand pairs which, following
receptor-ligand interaction, suppress the effector functions
of T cells and natural killer (NK) cells and thereby impair
anti-tumour immunity.

Monoclonal antibodies (mAbs) targeting the inhibitory
receptors cytotoxic T lymphocyte-associated antigen 4
(CTLA-4) and programmed cell death 1 (PD-1) have

from its discovery in 2009 to its current status as a clinical target.
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shown clinical efficacy and durable responses in more
than 15 types of human malignancy [5-7]. The importance
of immune checkpoint blockade (ICB) in revolutionizing
modern cancer therapy has been acknowledged by the
Nobel Prize in Physiology or Medicine 2018 being awarded
to James P. Allison and Tasuko Honjo for their discovery
of cancer therapy by inhibition of CTLA-4 and PD-I,
respectively [8]. However, despite the enormous success
of ICB, a still substantial number of patients do not
respond to currently available immunotherapies [9]. In
addition, a significant number of patients treated with
ICB  developed
‘immune-related adverse events (irAEs), which sometimes
led to fatalities [7,10]. Thus, there is great interest in
discovering new immune checkpoints that could be safely
targeted with high anti-tumour efficacy across various
malignancies.

Receptors for nectin and nectin-like (NECL) proteins
have recently entered the spotlight as promising targets
for cancer immunotherapy [11]. This group includes DNAX
accessory molecule-1 (DNAM-1), CD226, PTA1, T lineage-
specific activation antigen 1 (TLISA1), CD96 [Tactile (T
cell activation, increased late expression)] and T cell immu-
noglobulin and ITIM [TIGIT, also

treatment-related  toxicities termed

domain
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called Washington University cell adhesion molecule
(WUCAM), V-set and transmembrane domain-containing
protein 3 (Vstm3) and V-set and immunoglobulin domain-
containing protein 9 (VSIG9)] [12] (Fig. 1). DNAM-1,
TIGIT and CD96 are expressed on T cells and NK cells
and share CD155 [polio virus receptors (PVR), NECL-5]
as a ligand. DNAM-1 is a co-stimulatory molecule known
to stimulate cytotoxic lymphocyte functions [13,14] and
the protective role of DNAM-1 in cancer is well established
[15,16]. By contrast, data obtained using CD96~~ mice
suggested that CD96 acts as an inhibitory receptor that
promotes tumour escape from the immune system [17,18].
Similar to CD96, TIGIT is a negative regulator of cytotoxic
lymphocytes [19,20]. TIGIT has emerged as a particularly
attractive target for cancer therapy due to its seemingly
central role in limiting anti-tumour responses. Moreover,
experiments using TIGIT~~ mice suggested that targeting
TIGIT would be safe, and possibly trigger fewer irAEs
than anti-PD-1 or anti-CTLA-4 mAbs [21]. Here, we review
our current knowledge on TIGIT, from its discovery in
2009 to its current status as a clinical target.

TIGIT, an inhibitory receptor of the PVR-like family

TIGIT structure

TIGIT belongs to a constantly expanding family of PVR-
like proteins [22]. It was independently discovered by
three groups in 2009 through genome-wide analysis aiming
to identify proteins containing domain structures typical
for immunomodulatory receptors [22-24]. TIGIT consists
of one extracellular immunoglobulin variable domain, a
type I transmembrane domain and a short intracellular
domain with one immunoreceptor tyrosine-based inhibi-
tory motif (ITIM) and one immunoglobulin tyrosine tail
(ITT)-like motif [22,23,25]. The immunoglobulin variable
domain shares sequence homology with other members
of the PVR-like family, including DNAM-1, CD96, CD155,
CD111, CD112 [PVR-related 2 (PVRL2), nectin-2], CD113
[poliovirus receptor-related 3 (PVRL3), nectin-3] and
PVRL4 [22]. Human TIGIT shares 58% sequence homol-
ogy with mouse TIGIT [22,26] and the ITIM-containing
sequence in TIGIT cytoplasmic tail is identical in mice
and humans [26].

TIGIT expression

In both mice and humans, TIGIT is expressed on NK
cells and T cells, including CD4* T cells, CD8" T cells
and Tregs [22-25]. TIGIT expression is usually low in naive
cells, but both T cells and NK cells have been shown to
up-regulate TIGIT upon activation [22]. Consequently, in
naive mice and healthy individuals, T, memory and
activated T cells and NK cells show the highest expression

of TIGIT [22,25].
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TIGIT’s ligands

TIGIT has three ligands, CD155, CD112 and CD113, which
all belong to a family of nectin and NECL molecules.
This family regroups cell surface molecules that mediate
cell adhesion, cell polarization and tissue organization, and
several members also function as receptors for herpes-
and poliovirus [19,27]. In both humans and mice, the
main ligand for TIGIT is CD155 [22-25]. Based on crystal
structure analysis, both TIGIT and CD155 form homodi-
mers and, following ligand-receptor interaction, heterote-
tramers [28]. TIGIT binds CD112 and CD113 with lower
affinity compared to CD155 [22,24,25]. CD155 is mainly
expressed on dendritic cells (DCs), T cells, B cells and
macrophages but also in non-haematopoietic tissues such
as kidney, nervous system and intestines [23,29]. CD112
has a wide expression in both haematopoietic and non-
haematopoietic tissues such as bone marrow, kidney, pan-
creas and lung [30,31], but the expression of CDI113 is
restricted to non-haematopoietic tissues, including placenta,
testis, kidney, liver and lung [32,33]. Interestingly, CD155
and CD112 are over-expressed in many human malignan-
cies [34-37]. Several factors including oncogene expression
or cytokines such as interferon (IFN)-y have been found
to cause up-regulation of CD155 and CDI112 on tumour
cells [38,39].

Similar to TIGIT, DNAM-1 and CD96 bind to CD155,
but with different affinities [40-42]. TIGIT binds CD155
with the highest affinity, followed by CD96 and then
DNAM-1 [22]. Together, these receptors share a relation-
ship analogous to the CTLA-4/CD28 pathway, where the
inhibitory receptor with higher affinity and activating
receptor with lower affinity compete for the same ligands,
thereby fine-tuning immune responses [11]. However, the
TIGIT/CD96/DNAM-1 pathway appears even more com-
plex than the CTLA-4/CD28 pathway. Indeed, TIGIT and
DNAM-1 also share CD112 as a ligand [40], and CD112R
(PVRIG), a recently discovered immune checkpoint recep-
tor expressed mainly on T cells and NK cells, competes
with DNAM-1 and TIGIT for the binding of CD112
[43,44].

TIGIT mechanisms of action

Several mechanisms of action have been proposed for
TIGIT-mediated inhibition of effector T cells and NK cells
(Fig. 2). TIGIT may either act in a cell-extrinsic manner,
as a ligand for CDI155 [22] or in a cell-intrinsic manner
by interfering with DNAM-1 co-stimulation [45,46] or by
directly delivering inhibitory signals to the effector cell
[24]. It is currently unclear whether all these mechanisms
are at play in every TIGIT-expressing cell or whether
TIGIT mechanism of action differs between CD4* T cells,
CD8* T cells and NK cells. In addition, when expressed
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Fig. 1. T cell immunoglobulin and ITIM domain/DNAX accessory molecule-1 (TIGIT/DNAM-1) pathway. TIGIT, DNAM-1, CD96 and CD112R are
expressed on T cells and natural killer (NK) cells. Their ligands, CD155, CD112, CD113 and CD111, are expressed on antigen-presenting cells (APCs)
or tumour cells. TIGIT, CD112R and CD155 deliver inhibitory signals (-) to cells via their cytoplasmic tails while, despite containing one
immunoglobulin tyrosine tail (ITT)-like domain, DNAM-1 delivers an activating (+) signal. Both human and mouse CD96 contain an ITIM domain,
but human CD96 also contains an YXXM motif. CD96 has been shown to inhibit mouse T cells and NK cells, but the YXXM motif may cause
differences in the signal CD96 delivers in human and mouse cells. The number of extracellular immunoglobulin/immunoglobulin-like domains and

possible homodimerization of the receptor or ligand are also shown. Arrows are proportional to the reported affinities of the interactions.

on T, TIGIT enhances T, suppressive functions and

regs’

may thereby inhibit a wide range of immune cells [47,48].

Cell-extrinsic mechanism

Early studies have suggested a cell-extrinsic mechanism
based on the observation that neither TIGIT-specific
small interfering RNA (siRNA) nor anti-TIGIT mAbs
affected human memory CD4* T cell responses to anti-
CD3 stimulation [22]. However, when T cells were cul-
tured with autologous CD1lc* DCs, the addition of
anti-TIGIT mAbs increased T cell proliferation and IFN-y
production. DCs are antigen-presenting cells (APCs) that
are crucial for the priming of T cell responses [49].
The quality of the T cell response induced depends
upon the type of DCs, as well as on their maturation
level. Yu et al. demonstrated that TIGIT’s interaction
with CD155 modulated cytokine production by DCs
[22]. Upon TIGIT ligation, CD155 signalling in human
monocyte-derived DCs led to increased secretion of
IL-10 and decreased secretion of proinflammatory
cytokine IL-12. These data suggested that TIGIT-CD155
interactions promote tolerogenic DCs that down-regulate
T cell responses. Moreover, the ability of TIGIT-Fc to
relieve T cell-mediated delayed-type hypersensitivity
symptoms in wild-type but not Il107~ mice suggested
that this mechanism of action is conserved across

species. The regulatory role of TIGIT as a ligand that
promotes suppressive functions of CD155-expressing
myeloid cells was confirmed by another group [50]. This
second study indicated that, in mice, TIGIT promotes
the polarization of CD155-expressing type 1 proinflam-
matory macrophages into IL-10-secreting type 2
macrophages.

Cell-intrinsic mechanisms

In addition to its role as a regulator of DCs and mac-
rophages, TIGIT also suppresses T cell functions in a
cell-intrinsic manner. Multiple studies have shown that
agonistic anti-TIGIT mAbs inhibit anti-CD3/anti-CD28
mAb-mediated human and mouse T cell proliferation and
cytokine production in the absence of APCs [25,46,51].
Further, a recent study demonstrated that melanoma cells
expressing a truncated version of CD155 suppressed CD8*
T cell IFN-y production in a similar manner as cells
expressing wild-type CDI155 [52]. This indicated that
TIGIT-CD155 interaction can inhibit T cell functions
without downstream signalling via CD155. For cell-intrinsic
mechanism of action it was hypothesized that, given the
high affinity of TIGIT for CD155, TIGIT may inhibit T
cells by out-competing DNAM-1 for the binding of CD155.
This was first suggested by the observation that TIGIT
knock-down in human CD4" T cells increased their
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Fig. 2. T cell immunoglobulin and ITIM domain (TIGIT) mechanism of action. TIGIT has been reported to inhibit T cells and natural killer (NK)
cells via several mechanisms. (1) Following TIGIT-CD155 interaction, CD155-expressing DCs may become tolerogenic. The acquisition of tolerogenic

DC properties is characterized by decreased antigen presentation, low expression of co-stimulatory molecules and reduced production of
proinflammatory cytokines [e.g. interleukin (IL)-12] associated with the secretion of anti-inflammatory cytokines (e.g. IL-10). Together, these

alterations of dendritic cell (DC) functions result in impaired T cell activation. (2) TIGIT is often up-regulated in regulatory T cells (T

) and marks a

regs:

highly suppressive T,,, phenotype. (3) TIGIT has been shown to disrupt DNAX accessory molecule-1 (DNAM:-1) cis-homodimerization on the cell
surface and thus prevent DNAM-1 interaction with CD155. (4) TIGIT binds CD155 with higher affinity compared to DNAM-1 and may therefore
out-compete DNAM-1 from interacting with CD155. (5) TIGIT can also deliver the inhibitory signal directly to T cells and NK cells via its

cytoplasmic tail.

expression of T-bet and IFN-y, and this could be overcome
by DNAM-1 blockade [46]. Similarly, in another study,
TIGIT was found to suppress mouse CD8" T cell responses
in a DNAM-1-dependent manner [45]. In addition, time-
resolved fluorescence resonance energy transfer (TR-FRET)
analysis revealed TIGIT’s ability to interact with DNAM-1
on the surface of human T cells and to disrupt DNAM-1
cis-homodimerization, suggesting another mechanism by
which TIGIT interferes with DNAM-1-mediated co-stim-
ulation [45].

Besides preventing DNAM-1 signalling, TIGIT can also
directly transmit inhibitory signals via its cytoplasmic tail.
Most experiments investigating intracellular TIGIT signal-
ling have been performed using the human NK cell line
YTS, transfected with human or mouse TIGIT. Two

publications from the same group established that the
ITIM motif is essential for human TIGIT signalling, whereas
mouse TIGIT inhibition can be mediated by either the
ITIM motif or the ITT motif alone [24,26]. Indeed, while
human TIGIT with a mutated or truncated ITIM motif
failed to inhibit NK cell cytotoxic activity [24], mouse
TIGIT function was lost only when tyrosine residues in
both the ITIM and ITT-like motifs were mutated [26].
Moreover, another group suggested an important role for
the intracellular ITT-like motif in human TIGIT and
highlighted two different signalling pathways interfering
with NK cell cytotoxicity or IFN-y production [53,54].
Following ligand binding, ITT-like motif becomes phos-
phorylated and binds cytosolic adapter growth factor
receptor-bound protein 2 (Grb2), which then recruits
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SH2-containing inositol phosphatase-1 (SHIP-1), leading
to the inhibition of phosphoinositide 3-kinase (PI3K) and
mitogen-activated protein kinase (MAPK) signalling cas-
cade and the down-regulation of NK cell killing activity
[53]. In addition, association of adaptor p-arrestin 2 with
phosphorylated TIGIT mediates recruitment of SHIP-1
through the ITT-like motif and impairs TNF factor recep-
tor (TNFR)-associated factor 6 (TRAF6) auto-ubiquitina-
tion to abolish nuclear factor kappa B (NF-«xB) activation,
leading to inhibition of IFN-y production [54]. Only one
study investigated the role of direct TIGIT signalling in
T cells. Whole-genome microarray analysis on mouse T
cells showed that TIGIT engagement suppressed T cell
activation via down-regulating T cell receptor (TCR)
expression, together with several other molecules involved
in TCR and CD28 signalling [51].

TIGIT in T

regs

In both humans and mice, TIGIT is highly expressed
on a subset of natural T, and marks an activated T,
phenotype [47,48]. Compared to TIGIT™ T, TIGIT*
T,., demonstrated to be superior in suppressing T cells;
however, they seemed to specifically suppress T helper
type 1 (Thl) and Thl7 responses, but not Th2 cells
[47]. In vitro, mouse Treg stimulation with agonistic anti-
TIGIT mAbs induced the up-regulation of several genes
encoding transcription factors, chemokine receptors and
T, effector molecules such as IL-10 or fibrinogen-like
protein 2 [47,55]. Finally, the importance of TIGIT*
T, in suppressing T cell responses has been demon-
strated in vivo. BI6F10 tumour-bearing Rag™~ mice
which received Tigit™~ T, together with wild-type
CD4" and CD8" T effector cells showed suppressed
tumour growth compared to the same mice receiving
wild-type T, . with wild-type CD4* and CD8* T effector

cells [55].

regs

TIGIT inhibits anti-cancer immune responses

TIGIT expression in the tumour microenvironment
(TME)

Studies in both mice and humans reported increased
TIGIT expression on tumour-infiltrating lymphocytes
(TILs). TIGIT up-regulation has been observed in vari-
ous malignancies, including melanoma, breast cancer,
non-small-cell lung carcinoma (NSCLC), colon adeno-
carcinoma (COAD), gastric cancer, acute myeloid leu-
kaemia (AML) and multiple myeloma (MM) [45,56-62].
Many studies reported up-regulated TIGIT expression
on CD8" T cells, but there are also descriptions of
increased TIGIT levels on tumour-infiltrating T, . and

regs

NK cells [55,63-65]. In mouse pre-clinical models and

in cancer patients, TIGIT expression on tumour-infil-
trating CD8* T cells often correlates with increased
expression of other inhibitory receptors such as PD-1,
lymphocyte-activation gene 3 (LAG-3), T-cell immuno-
globulin and mucin-domain containing-3 (TIM-3), and
with decreased expression of DNAM-1 [45,55,57,66,67].
As a result, TIGIT marks dysfunctional CD8" T cells
with decreased cytokine production and degranulation
capacities [45,55,56,58]. In particular, TIGIT expression
on CD8* T cells in the peripheral blood of gastric cancer
patients has been associated with decreased cellular
metabolism which resulted in impaired proliferation,
cytokine production and migration [62]. Similar to
TIGIT* CD8* T cells, TIGIT* NK cells infiltrating mouse
subcutaneous tumours or human endometrial cancers
were found to co-express other inhibitory receptors, such
as LAG-3 and TIM-3 [64,65].

TIGIT correlates with dismal clinical outcomes in
cancer

TIGIT expression on TILs of melanoma patients or on
peripheral blood CD8* T cells of gastric cancer patients
has been associated with metastases development and poor
survival [59,61,68]. Moreover, a strong correlation has been
observed between TIGIT expression on peripheral blood
CD8" T cells and AML relapse post-transplantation [56].
In endometrial cancer, high levels of TIGIT on tumour-
resident NK cells have been associated with disease severity
[65]. Finally, a high TIGIT/DNAM-1 ratio on tumour-
infiltrating T, was shown to correlate with poor clinical
outcome following ICB targeting PD-1 and/or CTLA-4 [63].

TIGIT deficiency protects mice against tumour
challenge

Compared to wild-type mice, TIGIT™~ mice have shown
reduced growth of B16F10 and MC38 subcutaneous
tumours and increased survival upon challenge with
VK*MYC myeloma cell lines [55,58]. Moreover, Zhang
et al. reported that TIGIT deficiency protected mice
against B16 experimental lung metastasis [64], but these
results contrast with others who observed no difference
in the number of lung metastases between wild-type
and TIGIT~~ mice in B16F10 and RM-1 experimental
and EO771 spontaneous lung metastasis models [17,18].
Interestingly, however, following B16F10, RM-1 or E0771
challenge, anti-CD96 mAb-treated TIGIT~~ mice exhib-
ited reduced numbers of lung metastases compared to
wild-type mice receiving identical treatment [18].
Reduction in lung metastases development upon chal-
lenge with B16F10 or RM-1 cell lines was also observed
in TIGIT-deficient mice treated with anti-TIM-3 mAbs
compared to wild-type mice receiving the same treat-
ment [55].
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Targeting TIGIT in cancer

A significant body of work has highlighted the great
therapeutic potential of targeting TIGIT with antagonistic
mAbs in a wide range of malignancies. Experiments
have either been performed in vivo, using mouse pre-
clinical models of disease or in vitro, using patient
samples.

TIGIT blockade in mouse pre-clinical models

In two independent studies, anti-TIGIT mAbs used as
single agents were found insufficient to suppress the growth
of already established subcutaneous tumours in mice
[45,69]. By contrast, Zhang et al. recently reported that
early treatment with anti-TIGIT mAbs (i.e. started before
the tumour being established) delayed the growth of CT26
subcutaneous tumours and methylcholanthrene (MCA)-
induced fibrocarcinomas [64]. The same group showed
that anti-TIGIT mAbs protected mice against 4T1 or B16
experimental metastasis. Interestingly, Zhang et al. proposed
that NK cells were involved in the protection observed
following TIGIT-blockade in all these different models.
Similarly, we found that blocking TIGIT significantly
decreased tumour burden in an aggressive mouse myeloma
model (Vk12653) and increased survival in two additional
mouse myeloma models, Vk12598 and 5TGMI1 [58].
However, in opposition to Zhang et al., we observed only
minor TIGIT expression on NK cells in MM-bearing mice
and we found that TIGIT blockade protected against MM
in a CD8* T cell-dependent manner. The promising poten-
tial of targeting TIGIT in MM was confirmed by another
group, who established that anti-TIGIT mAbs protected
mice against Vk12653 myeloma relapse following haema-
topoietic stem cell transplantation [66].

Several groups have shown that the limited efficacy of
anti-TIGIT mAbs against established subcutaneous tumours
could be overcome by combining TIGIT blockade with
other therapies, notably with ICB of the PD-1/PD-L1
pathway [45,69]. In the MC38 model, co-blockade of TIGIT
and PD-1 was associated with enhanced effector cell func-
tions of both CD4* and CD8" T cells compared to either
therapy alone; and TIGIT/PD-1 co-blockade led to a 100%
cure rate [69]. In addition, combination of anti-TIGIT
mAbs with PD-1 or PD-L1 blockade induced the regres-
sion of CT26 and EMT6 tumours, with most mice expe-
riencing complete response; this phenomenon was
dependent upon CD8* T cells and DNAM-1 [45]. In this
last study, even though single therapies increased CD8*
T cell IFN-y production in the tumour-infiltrating lymph
node, only TIGIT/PD-L1 co-blockade significantly
increased CD8* T cell IFN-y production in the tumour.
Further supporting the potent anti-tumour effect of TIGIT/
PD-1 co-blockade, two groups have shown that this com-
bination therapy protected mice against orthotopically

TIGIT as an emerging immune checkpoint

implanted GL261 glioblastoma [69,70]. Finally, co-blockade
of TIGIT and PD-L1 in combination with radiotherapy
resulted in 90% cure rates of mice bearing CT26 subcu-
taneous tumours [71].

TIGIT blockade of human T cells

There is convincing evidence that blocking TIGIT may
restore T cell activity in cancer patients. In AML, siRNA
knock-down of TIGIT expression reversed the dysfunc-
tional phenotype of blood TIGIT* CD8* T cells, leading
to increased IFN-y and TNF-a production and decreased
apoptosis [56]. Further supporting the application of TIGIT
blockade in haematological cancers, we showed that human
anti-TIGIT mAbs increased the proliferation and produc-
tion of IFN-y and TNF-a and degranulation of MM
patients’ bone marrow CD8* T cells following stimulation
with anti-CD3/anti-CD28/anti-CD2 microbeads [58]. In
melanoma, anti-TIGIT mAbs were shown to enhance
cytokine production and proliferation of peripheral blood
CD8" T cells stimulated in vitro with NY-ESO tumour
peptide; this effect was enhanced upon TIGIT/PD-1 co-
blockade [57]. In addition, when combined with anti-PD1
or anti-PD-L1 mAbs, TIGIT blockade could increase the
activity of melanoma TILs. More precisely, TIGIT/PD-1
co-blockade increased the proliferation and degranulation
of CD8" TILs from metastatic melanoma patients follow-
ing anti-CD3 mAb stimulation [57] and increased IFN-y
production from melanoma TILs co-cultured with autolo-
gous melanoma cells [52].

Translating TIGIT blockade into the clinics

Safety considerations

Because immune checkpoint pathways play a key role
in maintaining immune homeostasis and preventing
autoimmunity, targeting these pathways have the potential
to induce irAEs, which are caused by increased cytokine
release and immune effector cell infiltration into tissues
[72]. The most common irAEs target the skin, gastro-
intestinal tract, the lung or the liver and can even occa-
sionally cause ICB-related deaths. The majority of patients
treated with ipilimumab (anti-CTLA-4 mAb) showed
irAEs with any grade, while patients treated with PD-1
blockade showed fewer and less severe irAEs compared
to CTLA-4 blockade [10]. Contrary to CTLA4~~ mice
or to Pdcd1™~ mice, which develop severe autoimmune
and lymphoproliferative syndromes [73-77], mice defi-
cient for TIGIT show no signs of spontaneous autoim-
munity nor defects in the development of haematopoietic
cells [21,25]. However, when TIGIT~/~ mice are immu-
nized or crossed with an autoimmune-prone strain, they
show enhanced development of autoimmune disease
[25,51]. Nevertheless, given that mice deficient for TIGIT
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or in combination with nivolumab (anti-PD-1 mADb) to g2 5 2 o2 g |2
ious advanced ic solid mali i E23 ¢ sS85 85 8| W
treat various advanced or metastatic solid malignancies s 23 5 8 25 238 ¢ I
. . =] Q —
[27,79]. In spite of the success of the Phase Ia trial and RS E ‘% g g g g g g g g A
. Elx 2= E2 g2 gz
etigilimab being well tolerated at doses up to 20 mg/kg, "g g g s = £8ES _‘§ s c;»
the Phase Ib clinical trial was terminated due to sponsor o3 < 8 < < < E
decision. Five other human anti-TIGIT mAbs are currently = . = ?O,D
being tested in Phase I/II clinical trials either as a mono- ‘é S|y Q Q Q Q Q g
hnd < < < < < <
therapy or in combination with PD-1/PD-L1 blockade or e s £ £ £ £ £ é
chemotherapies for the treatment of advanced solid cancers _ O N o 9 @ "
2 2 2 2
(Table 1). For some of these mAbs, the Fc portion on E & '@ § % @ % E )
— B — 9]
the IgG has been mutated to avoid binding to Fcy recep- 8§E|a <& & A s
a L (=) (=) (=) (=) (=) (=) 8
tors (FcyR), as FcR-dependent mechanisms were found 5 =5 B 5 5 B 5 =
to inhibit the anti-tumour activity of anti-PD1 mAbs [80]. —E “ “ “ 4 “ “ T‘:
E ¢ E
Concluding remarks o &l c 2% 3 g £ 5¢
onc =~ = S < < < B B B
| Z|EE5EZ 222222 ¢
Due to its broad expression on lymphocytes, TIGIT has £ S| ECE 0 & E B E =8 5| o
i - ; T g Bs Bg CEDEDE| 3B
emerged as an important immune checkpoint capable g EIETETS "% "% ’g
of inhibiting each step of the cancer immunity circle E 3 . | =
[19]. TIGIT may prevent tumour antigen release by NK e 2 fg) fg) g
cells, impair T cell priming by DCs or inhibit cancer = g g A & 5 g3
o — —
cell killing by CD8* T cells (Fig. 3). A significant number g 5| 2 b % g é’ g é’ E
%] ~ Q [ —
of pre-clinical studies have indicated that TIGIT would g g - £ & §& g .=
constitute a suitable target for cancer patients, and the = | g cg = R § 3 § i
. . .. . . 9 Tg = o = E L a8 A =
results of six ongoing clinical trials are eagerly awaited. E 518 & 2 E 27z _§
Of note, only solid tumours are currently targeted with & . E)
anti-TIGIT mAbs in these trials, but TIGIT blockade g 2 5
may also prove beneficial for haematological cancer i § é
patients, including AML and MM [56,58]. Given that k= < =
L N Q
haematological cancers, with the exception of Hodgkin’s £ 22 5 =
lymphoma, seem poorly sensitive to anti-PD1 mAb 2 g Ew 3 g X 2 o
. . - 3 0 ) )
monotherapy [81], there is a need to develop alternative 2 Bl Ssn 0§ v 2 2 9
: . i . 5 H| ESx ¥ > 8 & =
ICB strategies for these patients. Interestingly, using = <lE < = M < <
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Fig. 3. T cell immunoglobulin and ITIM domain (TIGIT) in the cancer-immunity cycle. TIGIT can suppress anti-tumour immune responses in
multiple steps of the cancer-immunity cycle. In step 1, TIGIT can inhibit natural killer (NK) cell function and therefore tumour cell killing. In the
absence of inhibition, NK cells kill tumour cells and thus promote the release of tumour antigens which are taken up by dendritic cells (DCs) for

presentation to T cells. In step 2, TIGIT can suppress DC functions by interacting with CD155 expressed on DCs leading to impaired T cell priming.

In step 3, TIGIT can directly inhibit the effector functions of tumour-specific CD8" T cells through cell-intrinsic mechanism. This prevents tumour

cell killing, tumour antigen release and tumour antigen uptake by DCs. In addition, TIGIT expressing regulatory T cells (T, ) are highly suppressive,
and may suppress the function of T cells, NK cells and DCs in every step of the cycle.

VK*MYC mouse myeloma cell lines, we did not observe
any anti-tumour effect of anti-PD1 mAbs or CTLA-4
mAbs, whereas TIGIT blockade reduced MM growth
and improved survival [16,58,82].

TIGIT targeting is likely to be most efficient when
combined with other immunotherapies. In pre-clinical
studies, targeting TIGIT together with the PD-1/PD-L1
pathway demonstrated superior tumour suppression com-
pared to either monotherapy [45,69]. Five clinical trials
are currently evaluating the safety of TIGIT/PD-1 co-
blockade in cancer patients. Other promising combination
targets for TIGIT include TIM-3 [55], CD112R [44,83]
or CD96 [18,21]. Interestingly, while most efforts are focused
on blocking TIGIT inhibitory activity through mAbs, a

regs

recent study considered TIGIT in the context of T cell
engineering [84]. Hoogi et al. designed a chimeric costimu-
latory switch receptor composed of the TIGIT exodomain
fused to the signalling domain of CD28 that could enhance
the functions of chimeric antigen receptor T cells.

In this review, we have focused on TIGIT’s functions
in cancer. However, TIGIT has a broader role in immunity
and the development of TIGIT-targeting therapies may
show benefits beyond cancer patients. Compared to PD-1
or CTLA-4, TIGIT plays an important role in NK cell
biology as it has been involved in NK cell education [85],
NK cell sensing of the microbiota [86] and down-regulation
of TIGIT expression on adaptive NK cells confers resist-
ance to MDSCs [87]. In agreement with TIGIT’s role as
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an immune checkpoint, enhancing TIGIT’s function may
protect against autoimmune or inflammatory diseases
[25,69,88]. TIGIT has also been found to regulate anti-
viral responses [45] and perhaps impair immune control
to human immunodeficiency virus [89].

In conclusion, only 10 years after its discovery, TIGIT
has already entered clinical trials as an immunotherapy target.
Our increasing understanding of TIGIT-mediated regulation
of immune responses will facilitate the design of optimized
combination strategies for TIGIT blockade in cancer patients,
but will also help the development of TIGIT-targeting thera-
pies to treat other chronic diseases.
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