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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, 
from its discovery in 2009 to its current status as a clinical target.
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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)-β, by recruiting regulatory cells including regulatory 
T cells (Tregs), 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 

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-1, 
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 treatment-related toxicities termed 
‘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 domain [TIGIT, also 
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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, Tregs, memory and 
activated T cells and NK cells show the highest expression 
of TIGIT [22,25].

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 CD113 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)-γ have been found 
to cause up-regulation of CD155 and CD112 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 CD155 [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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on Tregs, TIGIT enhances Treg suppressive functions and 
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 CD11c+ DCs, the addition of 
anti-TIGIT mAbs increased T cell proliferation and IFN-γ 
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 Il10−/− 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-γ production in a similar manner as cells 
expressing wild-type CD155 [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 

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.
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expression of T-bet and IFN-γ, 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-γ 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 

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 (Tregs) and marks a 
highly suppressive Treg 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.
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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 β-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-κB) activation, 
leading to inhibition of IFN-γ 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 Tregs

In both humans and mice, TIGIT is highly expressed 
on a subset of natural Tregs and marks an activated Treg 
phenotype [47,48]. Compared to TIGIT– Tregs, TIGIT+ 
Tregs demonstrated to be superior in suppressing T cells; 
however, they seemed to specifically suppress T helper 
type 1 (Th1) and Th17 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 
Treg effector molecules such as IL-10 or fibrinogen-like 
protein 2 [47,55]. Finally, the importance of TIGIT+ 
Tregs in suppressing T cell responses has been demon-
strated in vivo. B16F10 tumour-bearing Rag−/− mice 
which received Tigit−/− Tregs together with wild-type  
CD4+ and CD8+ T effector cells showed suppressed 
tumour growth compared to the same mice receiving 
wild-type Tregs with wild-type CD4+ and CD8+ T effector 
cells [55].

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 Tregs and 
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 Tregs 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 5TGM1 [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-γ production in the tumour-infiltrating lymph 
node, only TIGIT/PD-L1 co-blockade significantly 
increased CD8+ T cell IFN-γ 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 

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-γ and TNF-α 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-γ and TNF-α 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-γ 
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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display a milder autoimmune phenotype compared to 
CTLA-4−/− or PD-1−/− mice, we anticipate TIGIT ICB 
to be relatively safe.

Ongoing clinical trials

Six human anti-TIGIT mAbs of the IgG1 isotype have 
entered clinical trials. Etigilimab (OMP-313M32) is an 
anti-TIGIT mAb developed by OncoMed Pharmaceuticals. 
In an abstract presented at the American Association for 
Cancer Research (AACR) Annual Meeting 2017, Park et 
al. reported that monotherapy with mouse anti-TIGIT 
mAb, 313R12, which reportedly functions in a similar 
fashion to etigilimab, suppressed the growth of syngeneic 
colon and kidney tumours in immune competent mice 
[78]. Further, 313R12 therapy was associated with increase 
in Th1-type T cell responses and increased the function 
of CD8+ T cells. Finally, etigilimab inhibited the growth 
of patient-derived melanoma in mice reconstituted with 
human haematopoietic stem cells [78]. Etigilimab was 
tested for its safety and pharmacokinetics in a Phase I, 
dose-escalation study (NCT031119428) as a single agent 
or in combination with nivolumab (anti-PD-1 mAb) to 
treat various advanced or metastatic solid malignancies 
[27,79]. In spite of the success of the Phase Ia trial and 
etigilimab being well tolerated at doses up to 20 mg/kg, 
the Phase Ib clinical trial was terminated due to sponsor 
decision. Five other human anti-TIGIT mAbs are currently 
being tested in Phase I/II clinical trials either as a mono-
therapy or in combination with PD-1/PD-L1 blockade or 
chemotherapies for the treatment of advanced solid cancers 
(Table 1). For some of these mAbs, the Fc portion on 
the IgG has been mutated to avoid binding to Fcγ recep-
tors (FcγR), as FcR-dependent mechanisms were found 
to inhibit the anti-tumour activity of anti-PD1 mAbs [80].

Concluding remarks

Due to its broad expression on lymphocytes, TIGIT has 
emerged as an important immune checkpoint capable 
of inhibiting each step of the cancer immunity circle 
[19]. TIGIT may prevent tumour antigen release by NK 
cells, impair T cell priming by DCs or inhibit cancer 
cell killing by CD8+ T cells (Fig. 3). A significant number 
of pre-clinical studies have indicated that TIGIT would 
constitute a suitable target for cancer patients, and the 
results of six ongoing clinical trials are eagerly awaited. 
Of note, only solid tumours are currently targeted with 
anti-TIGIT mAbs in these trials, but TIGIT blockade 
may also prove beneficial for haematological cancer 
patients, including AML and MM [56,58]. Given that 
haematological cancers, with the exception of Hodgkin’s 
lymphoma, seem poorly sensitive to anti-PD1 mAb 
monotherapy [81], there is a need to develop alternative 
ICB strategies for these patients. Interestingly, using Ta
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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 

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 

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 (Tregs) are highly suppressive, 
and may suppress the function of T cells, NK cells and DCs in every step of the cycle.
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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.

Acknowledgements

C. G. was supported by a National Health and Medical 
Research Council (NHMRC) of Australia Early Career 
Fellowship (1107417) and a grant (1139048) awarded 
through the Priority-driven Collaborative Cancer Research 
Scheme and co-funded by Cancer Australia, Cure Cancer 
Australia and Can Too Foundation.

Disclosures

The authors have no conflict of interest to declare.

Author contributions

H. H. and C. G wrote the manuscript. H. H. designed 
and drew the figures. C. G. edited the figures.

References

	 1	 Rabinovich GA, Gabrilovich D, Sotomayor EM. 
Immunosuppressive strategies that are mediated by tumor cells. 
Annu Rev Immunol 2007; 25:267–96.

	 2	 Wu AA, Drake V, Huang H-S, Chiu S, Zheng L. Reprogramming 
the tumor microenvironment: tumor-induced immunosuppres-
sive factors paralyze T cells. Oncoimmunology 2015; 4:e1016700-e.

	 3	 Wellenstein MD, de Visser KE. Cancer-cell-intrinsic mechanisms 
shaping the tumor immune landscape. Immunity 2018; 
48:399–416.

	 4	 Pardoll DM. The blockade of immune checkpoints in cancer 
immunotherapy. Nat Rev Cancer 2012; 12:252–64.

	 5	 Smyth MJ, Ngiow SF, Ribas A, Teng MW. Combination cancer 
immunotherapies tailored to the tumour microenvironment. Nat 
Rev Clin Oncol 2016; 13:143–58.

	 6	 Kruger S, Ilmer M, Kobold S et al. Advances in cancer 
immunotherapy 2019 - latest trends. J Exp Clin Cancer Res 
2019; 38:268.

	 7	 Martins F, Sofiya L, Sykiotis GP et al. Adverse effects of immune-
checkpoint inhibitors: epidemiology, management and 
surveillance. Nat Rev Clin Oncol 2019;16:563–80.

	 8	 Altmann DM. A nobel prize-worthy pursuit: cancer immunology 
and harnessing immunity to tumour neoantigens. Immunology 
2018; 155:283–4.

	 9	 Darvin P, Toor SM, Sasidharan Nair V, Elkord E. Immune 
checkpoint inhibitors: recent progress and potential biomarkers. 
Exp Mol Med 2018; 50:165.

	 10	 Boutros C, Tarhini A, Routier E et al. Safety profiles of anti-
CTLA-4 and anti-PD-1 antibodies alone and in combination. 
Nat Rev Clin Oncol 2016; 13:473–86.

	 11	 Dougall WC, Kurtulus S, Smyth MJ, Anderson AC. TIGIT and 
CD96: new checkpoint receptor targets for cancer 
immunotherapy. Immunol Rev 2017; 276:112–20.

	 12	 Chan CJ, Andrews DM, Smyth MJ. Receptors that interact with 
nectin and nectin-like proteins in the immunosurveillance and 
immunotherapy of cancer. Curr Opin Immunol 2012; 
24:246–51.

	 13	 Gilfillan S, Chan CJ, Cella M et al. DNAM-1 promotes activation 
of cytotoxic lymphocytes by nonprofessional antigen-presenting 
cells and tumors. J Exp Med 2008; 205:2965–73.

	 14	 Pende D, Spaggiari GM, Marcenaro S et al. Analysis of the 
receptor-ligand interactions in the natural killer-mediated lysis 
of freshly isolated myeloid or lymphoblastic leukemias: evidence 
for the involvement of the Poliovirus receptor (CD155) and 
Nectin-2 (CD112). Blood 2005; 105:2066–73.

	 15	 Iguchi-Manaka A, Kai H, Yamashita Y et al. Accelerated tumor 
growth in mice deficient in DNAM-1 receptor. J Exp Med 
2008; 205:2959–64.

	 16	 Guillerey C, Ferrari de Andrade L, Vuckovic S et al. 
Immunosurveillance and therapy of multiple myeloma are CD226 
dependent. J Clin Invest 2015; 125:2077–89.

	 17	 Chan CJ, Martinet L, Gilfillan S et al. The receptors CD96 and 
CD226 oppose each other in the regulation of natural killer 
cell functions. Nat Immunol 2014; 15:431–8.

	 18	 Blake SJ, Stannard K, Liu J et al. Suppression of metastases 
using a new lymphocyte checkpoint target for cancer 
immunotherapy. Cancer Discov 2016; 6:446–59.

	 19	 Manieri NA, Chiang EY, Grogan JL. TIGIT: a key inhibitor of 
the cancer immunity cycle. Trends Immunol 2017; 38: 
20–8.

	 20	 Solomon BL, Garrido-Laguna I. TIGIT: a novel immunotherapy 
target moving from bench to bedside. Cancer Immunol 
Immunother 2018; 67:1659–67.

	 21	 Harjunpaa H, Blake SJ, Ahern E et al. Deficiency of host CD96 
and PD-1 or TIGIT enhances tumor immunity without 
significantly compromising immune homeostasis. 
Oncoimmunology 2018; 7:e1445949.

	 22	 Yu X, Harden K, Gonzalez LC et al. The surface protein TIGIT 
suppresses T cell activation by promoting the generation of 
mature immunoregulatory dendritic cells. Nat Immunol 2009; 
10:48–57.

	 23	 Boles KS, Vermi W, Facchetti F et al. A novel molecular interaction 
for the adhesion of follicular CD4 T cells to follicular DC. 
Eur J Immunol 2009; 39:695–703.



TIGIT as an emerging immune checkpoint

© 2019 British Society for Immunology, Clinical and Experimental Immunology, 200: 108–119 117

IMMUNE CHECKPOINT INHIBITION: FROM MOLECULES TO CLINICAL APPLICATION

	 24	 Stanietsky N, Simic H, Arapovic J et al. The interaction of 
TIGIT with PVR and PVRL2 inhibits human NK cell cytotoxicity. 
Proc Natl Acad Sci USA 2009; 106:17858–63.

	 25	 Levin SD, Taft DW, Brandt CS et al. Vstm3 is a member of 
the CD28 family and an important modulator of T-cell function. 
Eur J Immunol 2011; 41:902–15.

	 26	 Stanietsky N, Rovis TL, Glasner A et al. Mouse TIGIT inhibits 
NK-cell cytotoxicity upon interaction with PVR. Eur J Immunol 
2013; 43:2138–50.

	 27	 Sanchez-Correa B, Valhondo I, Hassouneh F et al. DNAM-1 
and the TIGIT/PVRIG/TACTILE Axis: novel immune 
checkpoints for natural killer cell-based cancer immunotherapy. 
Cancers 2019; 11:877.

	 28	 Stengel KF, Harden-Bowles K, Yu X et al. Structure of TIGIT 
immunoreceptor bound to poliovirus receptor reveals a cell-cell 
adhesion and signaling mechanism that requires cis-trans receptor 
clustering. Proc Natl Acad Sci USA 2012; 109:5399–404.

	 29	 Mendelsohn CL, Wimmer E, Racaniello VR. Cellular receptor 
for poliovirus: molecular cloning, nucleotide sequence, and 
expression of a new member of the immunoglobulin superfamily. 
Cell 1989; 56:855–65.

	 30	 Eberle F, Dubreuil P, Mattei MG, Devilard E, Lopez M. The 
human PRR2 gene, related to the human poliovirus receptor 
gene (PVR), is the true homolog of the murine MPH gene. 
Gene 1995; 159:267–72.

	 31	 Lopez M, Aoubala M, Jordier F, Isnardon D, Gomez S, Dubreuil 
P. The human poliovirus receptor related 2 protein is a new 
hematopoietic/endothelial homophilic adhesion molecule. Blood 
1998; 92:4602–11.

	 32	 Satoh-Horikawa K, Nakanishi H, Takahashi K et al. Nectin-3, 
a new member of immunoglobulin-like cell adhesion molecules 
that shows homophilic and heterophilic cell-cell adhesion 
activities. J Biol Chem 2000; 275:10291–9.

	 33	 Reymond N, Borg JP, Lecocq E et al. Human nectin3/PRR3: 
a novel member of the PVR/PRR/nectin family that interacts 
with afadin. Gene 2000; 255:347–55.

	 34	 Masson D, Jarry A, Baury B et al. Overexpression of the CD155 
gene in human colorectal carcinoma. Gut 2001; 49:236–40.

	 35	 Casado JG, Pawelec G, Morgado S et al. Expression of adhesion 
molecules and ligands for activating and costimulatory receptors 
involved in cell-mediated cytotoxicity in a large panel of human 
melanoma cell lines. Cancer Immunol Immunother 2009; 
58:1517–26.

	 36	 Bevelacqua V, Bevelacqua Y, Candido S et al. Nectin like-5 
overexpression correlates with the malignant phenotype in 
cutaneous melanoma. Oncotarget 2012; 3:882–92.

	 37	 Oshima T, Sato S, Kato J et al. Nectin-2 is a potential target 
for antibody therapy of breast and ovarian cancers. Mol Cancer 
2013; 12:60.

	 38	 Solecki DJ, Gromeier M, Mueller S, Bernhardt G, Wimmer E. 
Expression of the human poliovirus receptor/CD155 gene is 
activated by sonic hedgehog. J Biol Chem 2002; 
277:25697–702.

	 39	 Escalante NK, von Rossum A, Lee M, Choy JC. CD155 on 
human vascular endothelial cells attenuates the acquisition of 
effector functions in CD8 T cells. Arterioscler Thromb Vasc 
Biol 2011; 31:1177–84.

	 40	 Tahara-Hanaoka S, Shibuya K, Onoda Y et al. Functional 
characterization of DNAM-1 (CD226) interaction with its ligands 
PVR (CD155) and nectin-2 (PRR-2/CD112). Int Immunol 2004; 
16:533–8.

	 41	 Fuchs A, Cella M, Giurisato E, Shaw AS, Colonna M. Cutting 
edge: CD96 (tactile) promotes NK cell-target cell adhesion by 
interacting with the poliovirus receptor (CD155). J Immunol 
(Balt) 2004; 172:3994–8.

	 42	 Seth S, Maier MK, Qiu Q et al. The murine pan T cell marker 
CD96 is an adhesion receptor for CD155 and nectin-1. Biochem 
Biophys Res Communi 2007; 364:959–65.

	 43	 Zhu Y, Paniccia A, Schulick AC et al. Identification of CD112R 
as a novel checkpoint for human T cells. J Exp Med 2016; 
213:167–76.

	 44	 Levy O, Chan C, Cojocaru G et al. Abstract 581: Discovery 
and development of COM701, a therapeutic antibody targeting 
the novel immune checkpoint PVRIG. Cancer Res 2017; 77(13 
Supplement):581.

	 45	 Johnston RJ, Comps-Agrar L, Hackney J et al. The 
immunoreceptor TIGIT regulates antitumor and antiviral 
CD8(+) T cell effector function. Cancer Cell 2014; 
26:923–37.

	 46	 Lozano E, Dominguez-Villar M, Kuchroo V, Hafler DA. The 
TIGIT/CD226 axis regulates human T cell function. J Immunol 
(Balt) 2012; 188:3869–75.

	 47	 Joller N, Lozano E, Burkett PR et al. Treg cells expressing the 
coinhibitory molecule TIGIT selectively inhibit 
proinflammatory Th1 and Th17 cell responses. Immunity 2014; 
40:569–81.

	 48	 Fuhrman CA, Yeh WI, Seay HR et al. Divergent phenotypes 
of human regulatory T cells expressing the receptors TIGIT 
and CD226. J Immunol (Balt) 2015; 195:145–55.

	 49	 O’Keeffe M, Mok WH, Radford KJ. Human dendritic cell subsets 
and function in health and disease. Cell Mol Life Sci 2015; 
72:4309–25.

	 50	 Chen X, Lu PH, Liu L et al. TIGIT negatively regulates 
inflammation by altering macrophage phenotype. 
Immunobiology 2016; 221:48–55.

	 51	 Joller N, Hafler JP, Brynedal B et al. Cutting edge: TIGIT has 
T cell-intrinsic inhibitory functions. J Immunol (Balt) 2011; 
186:1338–42.

	 52	 Inozume T, Yaguchi T, Furuta J, Harada K, Kawakami Y, Shimada 
S. Melanoma cells control antimelanoma CTL responses via 
interaction between TIGIT and CD155 in the effector phase. 
J Invest Dermatol 2016; 136:255–63.

	 53	 Liu S, Zhang H, Li M et al. Recruitment of Grb2 and SHIP1 
by the ITT-like motif of TIGIT suppresses granule polarization 
and cytotoxicity of NK cells. Cell Death Diff 2013; 
20:456–64.



H. Harjunpää & C. Guillerey

© 2019 British Society for Immunology, Clinical and Experimental Immunology, 200: 108–119118

IMMUNE CHECKPOINT INHIBITION: FROM MOLECULES TO CLINICAL APPLICATION

	 54	 Li M, Xia P, Du Y et al. T-cell immunoglobulin and ITIM 
domain (TIGIT) receptor/poliovirus receptor (PVR) ligand 
engagement suppresses interferon-gamma production of natural 
killer cells via beta-arrestin 2-mediated negative signaling. J 
Biol Chem 2014; 289:17647–57.

	 55	 Kurtulus S, Sakuishi K, Ngiow SF et al. TIGIT predominantly 
regulates the immune response via regulatory T cells. J Clin 
Investig 2015; 125:4053–62.

	 56	 Kong Y, Zhu L, Schell TD et al. T-cell immunoglobulin and 
ITIM domain (TIGIT) associates with CD8+ T-cell exhaustion 
and poor clinical outcome in AML patients. Clin Cancer Res 
2016; 22:3057–66.

	 57	 Chauvin JM, Pagliano O, Fourcade J et al. TIGIT and PD-1 
impair tumor antigen-specific CD8(+) T cells in melanoma 
patients. J Clin Invest 2015; 125:2046–58.

	 58	 Guillerey C, Harjunpaa H, Carrie N et al. TIGIT immune 
checkpoint blockade restores CD8(+) T-cell immunity against 
multiple myeloma. Blood 2018; 132:1689–94.

	 59	 Stalhammar G, Seregard S, Grossniklaus HE. Expression of 
immune checkpoint receptors indoleamine 2,3-dioxygenase 
and T cell Ig and ITIM domain in metastatic versus 
nonmetastatic choroidal melanoma. Cancer Med 2019; 
8:2784–92.

	 60	 O’Brien SM, Klampatsa A, Thompson JC et al. Function of 
human tumor-infiltrating lymphocytes in early-stage non-small 
cell lung cancer. Cancer Immunol Res 2019; 7:896–909.

	 61	 Lee WJ, Lee YJ, Choi ME et al. Expression of lymphocyte-
activating gene 3 and T-cell immunoreceptor with 
immunoglobulin and ITIM domains in cutaneous melanoma 
and their correlation with programmed cell death 1 expression 
in tumor-infiltrating lymphocytes. J Am Acad Dermatol 2019; 
81:219–27.

	 62	 He W, Zhang H, Han F et al. CD155T/TIGIT signaling regulates 
CD8(+) T-cell metabolism and promotes tumor progression in 
human gastric cancer. Can Res 2017; 77:6375–88.

	 63	 Fourcade J, Sun Z, Chauvin JM et al. CD226 opposes TIGIT 
to disrupt Tregs in melanoma. JCI insight 2018; 3: pii: 121157.

	 64	 Zhang Q, Bi J, Zheng X et al. Blockade of the checkpoint 
receptor TIGIT prevents NK cell exhaustion and elicits potent 
anti-tumor immunity. Nat Immunol 2018; 19:723–32.

	 65	 Degos C, Heinemann M, Barrou J et al. Endometrial tumor 
microenvironment alters human NK cell recruitment, and 
resident NK cell phenotype and function. Front Immunol 2019; 
10:877.

	 66	 Minnie SA, Kuns RD, Gartlan KH et al. Myeloma escape after 
stem cell transplantation is a consequence of T-cell exhaustion 
and is prevented by TIGIT blockade. Blood 2018; 
132:1675–88.

	 67	 Josefsson SE, Huse K, Kolstad A et al. T cells expressing 
checkpoint receptor TIGIT are enriched in follicular lymphoma 
tumors and characterized by reversible suppression of T-cell 
receptor signaling. Clin Cancer Res 2018; 24:870–81.

	 68	 Tang W, Pan X, Han D et al. Clinical significance of CD8(+) 
T cell immunoreceptor with Ig and ITIM domains(+) in locally 
advanced gastric cancer treated with SOX regimen after D2 
gastrectomy. Oncoimmunology 2019; 8:e1593807.

	 69	 Dixon KO, Schorer M, Nevin J et al. Functional anti-TIGIT 
antibodies regulate development of autoimmunity and antitumor 
immunity. J Immunol (Balt) 2018; 200:3000–7.

	 70	 Hung AL, Maxwell R, Theodros D et al. TIGIT and PD-1 dual 
checkpoint blockade enhances antitumor immunity and survival 
in GBM. Oncoimmunology 2018; 7:e1466769.

	 71	 Grapin M, Richard C, Limagne E et al. Optimized fractionated 
radiotherapy with anti-PD-L1 and anti-TIGIT: a promising new 
combination. J Immunother Cancer 2019; 7:160.

	 72	 Liu J, Blake SJ, Smyth MJ, Teng MW. Improved mouse models 
to assess tumour immunity and irAEs after combination cancer 
immunotherapies. Clin Trans Immunol 2014; 3:e22.

	 73	 Tivol EA, Borriello F, Schweitzer AN, Lynch WP, Bluestone JA, 
Sharpe AH. Loss of CTLA-4 leads to massive 
lymphoproliferation and fatal multiorgan tissue destruction, 
revealing a critical negative regulatory role of CTLA-4. 
Immunity 1995; 3:541–7.

	 74	 Waterhouse P, Penninger JM, Timms E et al. Lymphoproliferative 
disorders with early lethality in mice deficient in CTLA-4. 
Science (NY) 1995; 270:985–8.

	 75	 Nishimura H, Minato N, Nakano T, Honjo T. Immunological 
studies on PD-1 deficient mice: implication of PD-1 as a negative 
regulator for B cell responses. Int Immunol 1998; 10:1563–72.

	 76	 Nishimura H, Nose M, Hiai H, Minato N, Honjo T. Development 
of lupus-like autoimmune diseases by disruption of the PD-1 
gene encoding an ITIM motif-carrying immunoreceptor. 
Immunity 1999; 11:141–51.

	 77	 Nishimura H, Okazaki T, Tanaka Y et al. Autoimmune dilated 
cardiomyopathy in PD-1 receptor-deficient mice. Science (NY) 
2001; 291:319–22.

	 78	 Park AI, Srivastava M, Mayes E et al. Abstract 2003: Antibody 
against TIGIT (T cell immunoreceptor with Ig and ITIM 
domains) induces anti-tumor immune response and generates 
long-term immune memory. Cancer Res 2003; 77(Suppl 
13):2003.

	 79	 Sanchez-Correa B, Lopez-Sejas N, Duran E et al. Modulation 
of NK cells with checkpoint inhibitors in the context of cancer 
immunotherapy. Cancer Immunol Immunother 2019; 
68:861–70.

	 80	 Offringa R, Glennie MJ. Development of next-generation 
immunomodulatory antibodies for cancer therapy through 
optimization of the IgG framework. Cancer Cell 2015; 
28:273–5.

	 81	 Armand P. Immune checkpoint blockade in hematologic 
malignancies. Blood 2015; 125:3393–400.

	 82	 Guillerey C, Nakamura K, Pichler AC et al. Chemotherapy 
followed by anti-CD137 mAb immunotherapy improves disease 
control in a mouse myeloma model. JCI Insight 2019; 5.



TIGIT as an emerging immune checkpoint

© 2019 British Society for Immunology, Clinical and Experimental Immunology, 200: 108–119 119

IMMUNE CHECKPOINT INHIBITION: FROM MOLECULES TO CLINICAL APPLICATION

	 83	 Xu F, Sunderland A, Zhou Y, Schulick RD, Edil BH, Zhu Y. 
Blockade of CD112R and TIGIT signaling sensitizes human 
natural killer cell functions. Cancer Immunol Immunother 2017; 
66:1367–75.

	 84	 Hoogi S, Eisenberg V, Mayer S, Shamul A, Barliya T, Cohen CJ. 
A TIGIT-based chimeric co-stimulatory switch receptor improves 
T-cell anti-tumor function. J Immunother Cancer 2019; 7:243.

	 85	 He Y, Peng H, Sun R et al. Contribution of inhibitory receptor 
TIGIT to NK cell education. J Autoimmun 2017; 81:1–12.

	 86	 Gur C, Ibrahim Y, Isaacson B et al. Binding of the Fap2 protein 
of Fusobacterium nucleatum to human inhibitory receptor TIGIT 

protects tumors from immune cell attack. Immunity 2015; 
42:344–55.

	 87	 Sarhan D, Cichocki F, Zhang B et al. Adaptive NK cells with 
low TIGIT expression are inherently resistant to myeloid-derived 
suppressor cells. Cancer Res 2016; 76:5696–706.

	 88	 Liu S, Sun L, Wang C et al. Treatment of murine lupus with 
TIGIT-Ig. Clin Immunol (FL) 2019; 203:72–80.

	 89	 Chew GM, Fujita T, Webb GM et al. TIGIT marks exhausted 
T cells, correlates with disease progression, and serves as a 
target for immune restoration in HIV and SIV infection. PLOS 
Pathog 2016; 12:e1005349.


