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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

�e 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 tra�cking 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 (Tregs), myeloid-derived suppressive cells (MDSCs) 
and type 2 macrophages or by a�ecting 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]. �ese 
pathways consist of receptor�ligand pairs which, following 
receptor�ligand interaction, suppress the e�ector 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 e�cacy and durable responses in more 
than 15 types of human malignancy [5�7]. �e 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 signi�cant number of patients treated with 
ICB developed treatment-related toxicities termed 
�immune-related adverse events� (irAEs), which sometimes 
led to fatalities [7,10]. �us, there is great interest in 
discovering new immune checkpoints that could be safely 
targeted with high anti-tumour e�cacy across various 
malignancies.

Receptors for nectin and nectin-like (NECL) proteins 
have recently entered the spotlight as promising targets 
for cancer immunotherapy [11]. �is group includes DNAX 
accessory molecule-1 (DNAM-1), CD226, PTA1, T lineage-
speci�c 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]. �e 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. 
�is 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 
a�nity 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)-� 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 di�erent a�nities [40�42]. TIGIT binds CD155 
with the highest a�nity, 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 a�nity and activating 
receptor with lower a�nity compete for the same ligands, 
thereby �ne-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 e�ector 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 e�ector cell 
[24]. It is currently unclear whether all these mechanisms 
are at play in every TIGIT-expressing cell or whether 
TIGIT mechanism of action di�ers 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-speci�c 
small interfering RNA (siRNA) nor anti-TIGIT mAbs 
a�ected 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-� 
production. DCs are antigen-presenting cells (APCs) that 
are crucial for the priming of T cell responses [49]. 
�e 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 proin�ammatory 
cytokine IL-12. �ese 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. �e regulatory role of TIGIT as a ligand that 
promotes suppressive functions of CD155-expressing 
myeloid cells was con�rmed by another group [50]. �is 
second study indicated that, in mice, TIGIT promotes 
the polarization of CD155-expressing type 1 proin�am-
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-� production in a similar manner as cells 
expressing wild-type CD155 [52]. �is 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 a�nity of TIGIT for CD155, TIGIT may inhibit T 
cells by out-competing DNAM-1 for the binding of CD155. 
�is was �rst 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. �eir 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 
di�erences in the signal CD96 delivers in human and mouse cells. �e number of extracellular immunoglobulin/immunoglobulin-like domains and 
possible homodimerization of the receptor or ligand are also shown. Arrows are proportional to the reported a�nities of the interactions.




















