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Introduction
Tumor-associated antigens or immune check-
point molecules play a pivotal role in the immune 
regulation of malignancies whose biological sig-
nificance is crucial in cancer diagnosis, prognosis, 
and treatment. The checkpoints that are placed 
either on the surface of various immune cells 
including T lymphocytes or on tumor cells act 
like a switching protein through the induction of 
various signals to control the over-activation of T 
cells. In cancers, T-cell dysfunctionality may be 

due to persistent antigen exposure that is associ-
ated with overexpression of multiple inhibitory 
receptors that ultimately reduce T-cell prolifera-
tion capacity or functionality. Blockade of check-
point proteins with immune checkpoint inhibitors 
prevents the ‘off’ signal from being sent while the 
blocked condition accumulates and increases  
T cells in the blood circulation that further ampli-
fies their movement into the tumor to kill cancer 
cells. In addition, immune checkpoint therapies 
may consider a novel treatment strategy for 
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infectious diseases and autoimmune disorders. 
Interestingly, under normal circumstances, inhib-
itory checkpoint proteins prevent autoimmune 
damage by suppressing immune responses. In 
malignancies, the cancerous cells hire mecha-
nisms by which they can protect themselves from 
being attacked by immune cells through stimulat-
ing immune checkpoint targets.1 To rescue the 
recognition of the immune response or to main-
tain homeostasis of the immune system while 
reducing undesirable immune responses, tumor 
cells continuously modify their expressions at 
their molecular level, while in this context, the 
types of cancers and their various stages signi
ficantly influence the compositions of the tumor 
microenvironment (TME). A great body of 
research has emphasized that in the TME, 
immune checkpoint molecules play an important 
role in the progression and outcome of tumors, 
and intensive research has eventually led to the 
development of various cancer immunotherapeu-
tic reagents including monoclonal antibodies. 
Further to receptors and ligands of immune 
checkpoints on the cell membrane, various solu-
ble immune checkpoints have been also discov-
ered.2,3 The soluble immune checkpoints that 
circulate in the serum of patients are produced 
either under alternative splicing of mRNA or 
under cleavage of membrane-bound proteins. 
These circulating isoforms also play a crucial role 
in cancer immunotherapy by the interaction 
between soluble receptors or soluble ligands with 
full-length ligands or full-length receptors, respec-
tively. Despite the aforementioned therapeutic 
competence of the immune checkpoints, these 
circulating biomarkers may additionally be useful 
for the determination of the prognosis of various 
cancers or/and screening of patients as a first line 
of diagnosis prior to intensive and invasive cancer 
diagnostic approaches.4–6 Among various types of 
surface and soluble receptors or ligands, cytotoxic 
tumor lymphocyte antigen 4 (CTLA-4) and pro-
grammed cell death-1 (PD-1)/programmed cell 
death-ligand 1 (PD-L1) are the most studied 
molecules for which blocking antibodies are 
developed and currently ipilimumab and pem-
brolizumab have been examined in various clini-
cal trials, respectively.7–9 In this review, we discuss 
the role of recently targeted checkpoint mole-
cules, including T-cell immunoglobulin and 
mucin domain 3 (TIM-3), lymphocyte activation 
gene-3 (LAG-3), T-cell immunoreceptor with  
Ig and ITIM domains (TIGIT), V-domain Ig 

suppressor of T-cell activation (VISTA), new B7 
family proteins, and B- and T-cell lymphocyte 
attenuator (BTLA) in the diagnosis, prognosis, 
and treatments of various cancers.

Classical checkpoints regulators PD-1 and 
CTLA-4 and their recent clinical application
Adaptive and innate immune systems both inter-
act independently or complementary via the 
expression of a wide family of inhibitory recep-
tors. Of interest, malignant cells can escape or 
exhaust the immune system through alteration of 
the dynamic balance between stimulatory and 
inhibitory signaling molecules. In this context, T 
cells, B cells, and natural killer (NK) cells exhibit 
coinhibitory molecules belonging to the B7-CD28 
group of proteins such as CTLA-4 and PD-1 
receptors that can adjust the production of anti-
gen-specific T cells while negatively regulating 
immune tolerance.10 The PD-L1 that is expressed 
on antigen-presenting cells (APCs) or cancer cells 
serves as a ligand for the PD-1 receptor, binds to 
PD-1 on immune cells, and suppresses immune 
responses through either suppression of T-cell 
activation or escaping of cancer cells from 
immune surveillance.11 In clinical studies, bene-
fits of monotherapy either with PD-1 or CTLA-4 
blockers were associated with low response rates 
while few patients were found to have a response 
to therapy.12 A number of studies revealed that 
the majority of metastatic melanoma patients 
could not respond properly to ipilimumab, 
nivolumab, and pembrolizumab as evaluated by 
objective response rate.13,14 On the other hand, it 
has been confirmed that a combination of 
CTLA-4 and PD-1 blockade can improve the 
response rates along with the survival rates in 
multiple cancer types including melanoma, renal 
cell carcinoma (RCC), colorectal cancer, small-
cell lung cancer, mesothelioma, and sarcoma.15–20 
Although combining CTLA-4 and PD-1 blockers 
has been shown to improve treatment outcomes 
in multiple cancer types, it has been associated 
with the induction of adverse events in affected 
patients. In this regard, besides further research 
to evaluate the combination of other CTLA-4 
blockers (tremelimumab) and other PD-1/PD-L1 
blockers (cemiplimab, durvalumab, avelumab, 
and atezolizumab) and their associated dose titra-
tion or administration sequence, the search for 
efficacious combination therapies with newly dis-
covered inhibitory molecules continues.
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T-cell immunoglobulin and mucin domain 3
TIM-3, also known as hepatitis A virus cellular 
receptor 2, which is encoded by HAVCR, com-
prises TIM-1, TIM-3, and TIM-4 in humans and 
Tim-1 through Tim-8 in mice.21 Among various 
tumor-infiltrating cells in the TME, Tim-3 as the 
cell terminal dysfunction biomarker is mostly 
expressed at higher levels by cluster of differentia-
tion 8 (CD8+) tumor-infiltrating lymphocytes 
(TILs) and cluster of differentiation 4 (CD4+) 
regulatory T cells (Tregs) and until now, four spe-
cific ligands including galectin-9, phosphatidyl-
serine (PtdSer), high mobility group protein B1 
(HMGB1), and carcinoembryonic antigen-
related cell adhesion molecule-1 (CEACAM-1) 
have been introduced for this immune check-
point.22 Further support for the role of TIM-3 is 
provided by the analysis of genetic polymor-
phisms. A recent study indicates that TIM-3 and 
lectin, galactoside-binding soluble 9 (LGALS9) 
polymorphisms are associated with clear cell renal 
cell carcinoma (ccRCC) risk and overall survival 
(OS).23 Generally, and as mentioned earlier, the 
dysfunctionality of T cells in malignancies is due 
to loss of cytotoxicity or deficiency in the produc-
tion of pro-inflammatory cytokines along with 
increased expression of various checkpoint pro-
teins. Hence, it has been speculated that antago-
nizing transcription factor T-cell factor 1 (TCF-1) 
with Tim-3 can reduce the stemness of CD8+ T 
cells, the cells that are crucial mediators of tumor 
clearance. TCF-1 probably maintains stemness 
and restrains effector differentiation in CD8+ T 
cells; however, the contribution of Tim-3 to ter-
minal dysfunction of CD8+ T cells is not clearly 
understood. Elevated expression levels of Tim-3 
have also been reported on CD4+ Tregs in human 
and murine tumors, which were further associ-
ated with Foxp3 expression. Interestingly, 60% of 
fox3+ TILs were found to be TIM-3+, a condi-
tion that highlights the crucial role of Tim-3+ 
Tregs in advanced tumor stages.24 Furthermore, 
TIM-3 expression in non-T cells, including mac-
rophages, dendritic cells (DC), and NK cells, also 
has been reported in several studies; however, the 
regulation of Tim-3 expression in these cells 
remains to be uncovered.25–27 Besides the influ-
ence of various transcriptional factors, diverse 
signaling pathways additionally influence the reg-
ulation of Tim-3 expression on T cells. For 
instance, both nuclear factor interleukin 3 regu-
lated (Nfil3) and interleukin (IL)-27, IL-15, 
IL-12, and IL-35 as novel members of the IL-12 

cytokine family upregulate TIM-3 expression in 
humans and animal models of various malignan-
cies.28–31 TIM-3+, PD-1+, and CD8+ TILs  
have shown inhibition of the production of  
the cytokines such as tumor necrosis factor-α 
(TNF-α), interferon-gamma (IFN-γ), and IL-2.32 
Interestingly, treatment with TIM-3 blockade 
antibody significantly increased IFN-γ and IL-22/
IL-17 levels while it decreased IL-10, that is cor-
related with enhanced Th1- and Th17-mediated 
immune response and decreased Treg immune 
response, respectively.33 As a prognostic marker 
in cancer, Tim-3 expression has shown an asso-
ciation with negative outcomes and poor OS in 
several solid tumors while it can be a valuable 
therapeutic target.34 In a study conducted by Pu 
et  al.,35 high expression of TIM-3 was signifi-
cantly associated with an increased risk of mortal-
ity among patients with primary osteosarcoma. In 
fresh tumor tissue samples of these patients, over-
expression of TIM-3 further was reported. 
Importantly, a positive correlation of TIM-3 
expression with lymph node metastasis, tumor 
grade, and PD-1 expression should not be 
neglected.34 In hematological cancers, a recent 
study with broad immunogen analysis that inves-
tigated immune cell co-stimulation/inhibition and 
cancer antigen expression patterns in association 
with cancer subtypes or genomics deserves par-
ticular attention.36 In this context, the influence 
of cancer cell molecular phenotype on immune 
cell infiltration and function has been described 
elsewhere.36 Recently, it has been revealed that in 
patients with acute myeloid leukemia (AML), 
there is a correlation between the levels of TIM-3 
expression and NK cells cytotoxicity. In this con-
text, the elevated TIM-3+ cell expression within 
the circulating NK cells has shown positive prog-
nostic value in patients with M1+2 grade but not 
M4+5. This study indicates that NK cell circula-
tion along with TIM-3 expression levels serves as 
positive prognostic biomarkers in effective immu-
nity against AML.37 Consistent with this study, in 
patients with newly diagnosed AML, the high 
TIM-3 expression from peripheral blood (PB) 
samples was also associated with decreased OS 
rates suggesting that TIM-3 might be considered 
as a weak prognosis biomarker in patients with 
AML.38 In patients with chronic lymphocytic leu-
kemia (CLL), an increased Tim-3 expression pat-
tern on NK cells was observed in comparison to 
healthy controls.39 Consistently, low hemoglobin 
level, high absolute lymphocyte count, and high 
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serum C-reactive protein level have been reported 
as a poor prognostic profile. Recently, an in vitro 
investigation on CD8+ T cells isolated from PB of 
patients with early-stage CLL who were treated 
with anti-PD-1 and anti-TIM-3 blocking anti-
bodies showed no improvement in CD8+ T cell 
proliferation.40 This observation indicates that 
pretreatment of CD8+ T cells with blocking anti-
bodies in CLL patients does not influence the res-
toration of CD8+ T-cell functionality, at least in 
the early clinical stages. These findings provide a 
rationale for further in vitro and in vivo studies to 
investigate the efficacy of checkpoint inhibitors 
for CLL patients. From an epigenetic regulation 
point of view, the regulation of TIM-3 via DNA 
methylation of the encoding genes and also its 
crucial ligand galectin 9 (LGALS9) in association 
with molecular and immune correlates in malig-
nant melanoma and patients’ survival deserves 
attention. It has been revealed that DNA meth-
ylation has a pivotal role in various biological 
activities of T cells including T-cell differentia-
tion or exhaustion and tumorigenesis. Holderried 
et  al.41 have found that TIM-3 and LGALS9 
mRNA expression and methylation levels corre-
lated significantly with tumor immune cell infil-
tration. Although the expression of TIM-3 is 
associated with T-cell exhaustion, they reported a 
significantly better OS in association with high 
TIM-3 and LGALS9 mRNA expression. For 
both TIM-3 and LGALS9, significant positive 
correlations between mRNA expression and gene 
body methylation were reported while inverse 
correlations between mRNA expression with pro-
moter methylation were identified. Since TIM-3/
LGALS9 methylation levels were evaluated in 
isolated immune cells, melanocyte, and mela-
noma cell lines, it would be of interest to examine 
methylation analysis of isolated, exhausted T 
cells, to understand whether hypomethylation of 
5′-C-phosphate-G-3′ (CpG) sites located in the 
TIM-3 promoter area might serve as a surrogate 
biomarker for T-cell exhaustion. Finally, it has 
been reported that TIM-3 expression in mela-
noma cells is associated with non-responsiveness 
to PD-1 immune checkpoint blockade (ICB). 
Importantly, the upregulation of TIM-3 has been 
observed after PD-1-targeted ICB. Therefore, the 
analysis of TIM-3 methylation could be a promis-
ing predictive approach to select the subgroup of 
melanoma patients who would benefit from TIM-
3-targeted ICB. In addition, the increased co-
expression of TIM-3 along with PD-1, CTLA-4, 

LAG-3, and TIGIT on TILs in early breast can-
cers (BCs) has indicated these immune check-
points might synergistically inhibit the response 
to the tumor.42 Hence, from a therapeutic point 
of view, the combined inhibition of these immune 
checkpoints may synergistically enhance the 
T-cell response to various tumor antigens. In this 
context, the in vitro study of combined PD-L1 
and TIM-3 blockade indicates enhanced expan-
sion of fit human CD8+ antigen-specific T cells 
for adoptive immunotherapy.43 Recently, various 
clinical trials include TIM-3 as a novel target in 
cancer immunotherapy. Ongoing clinical trials 
with Tim-3-specific monoclonal antibodies or 
antagonist agents are presented in Table 1.

Lymphocyte activation gene-3
LAG-3 is a transmembrane molecule closely 
related to CD4, which has been reported to be 
expressed in multiple immune cells, including T 
cells, NK cells, natural killer T (NKT) cells, Treg, 
activated B cells, natural plasma cells, and plas-
macytoid dendritic cells (pDCs).44–48 Due to the 
structural similarity between LAG-3 and CD4, it 
has been proposed that major histocompatibility 
complex class II (MHC-II) molecules are ligands 
for LAG-3 with approximately 100 times greater 
binding affinity than CD4.49 Alternative ligands 
include galectin-3, a 31-kDa lectin that has been 
shown to modulate T-cell responses, and liver 
sinusoidal endothelial cell lectin (LSECtin), 
which is expressed in liver or human melanoma 
tissues with its growth-enhancing activity through 
inhibition of antitumor T-cell-dependent 
responses.50–52 In melanoma cells, IFN-γ produc-
tion was inhibited by the interaction between 
LAG-3 and LSECtin through mediating antigen-
specific effector T cells.52 Since LAG-3 influences 
CD8+ T-cell function as well as CD4+ T cells, 
the two alternative ligands mentioned above may 
serve to explain the intrinsic role of LAG-3 on 
CD8+ T cells in the TME. Furthermore, in a 
mouse model of Parkinson’s disease, LAG-3 was 
reported to bind with α-synuclein that produces 
fibrils in the central nervous system and this find-
ing further indicates a role of LAG-3 immuno-
logically relevant ligands apart from its potential 
in TME.53 In tolerogenic conditions like chronic 
inflammation or tumor environment, LAG-3 co-
expression with other immune checkpoints 
including PD-1, TIGIT, TIM-3, 2B4, and 
CD160 on immune and cancer cells can lead to 
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functional exhaustion along with a reduction in 
proliferation and depletion of cytokine secre-
tion.54 Notably, the inhibitory effects of LAG-3 
on CD8+ T cells are different from those of 
CTLA-4 or PD-1. In this context, the biochemi-
cal study of the PD-1 signaling pathway has 
shown an increased dephosphorylation of the 
CD28 receptor upon PD-1 ligation with PD-L1 
in comparison with the T-cell receptor (TCR).55 
Equivalently, CTLA-4 inhibits T cell activities 
via competitive binding with CD80 and CD86 
co-stimulatory ligands for CD28. As an alterna-
tive mechanism, CTLA-4 may delete CD80/
CD86 from APCs. By contrast, LAG-3 may 
decrease T-cell activation through a TCR reduc-
ing pathway. The different mechanism of action 
between LAG-3 and PD-1 or CTLA-4 highlights 
the importance of synergistic enhancement of its 
combined antitumor blockade with PD-1.56 In 
Table 2, clinical trials involving combined LAG-3 
with PD-1, CTLA-4 checkpoints blockade, or 
with bispecific agents targeting LAG-3 are pre-
sented. In addition, several bispecific agents tar-
geting LAG-3 deserve attention. FS118 is a dual 
antagonist bispecific agent targeting both LAG-3 
and PD-L1 that enhances T-cell activation with 
enhanced antitumor activity.57 A phase I first-in-
human study of FS118, in patients with advanced 
cancer and PD-L1 resistance, was well tolerated 
with no dose-limiting toxicity (DLTs). This result 
highlights the need for further investigation to 
determine its clinical benefit in patients who have 
become refractory to anti-PD-(L)1 therapy.58 In 
preclinical studies, FS118 could clear MC38 
tumor cells while it induces the shedding of LAG-
3. The reduced surface expression of LAG-3 and 
elevated soluble sLAG-3 (sLAG-3) in the serum 
indicate its potential importance for combined 
immunotherapy. MGD013 is another bispecific 
dual affinity retargeting antibodies (DART) mol-
ecule that binds PD-1 and LAG-3, and phase I 
clinical trials in various malignancies have been 
undertaken. Elevated LAG-3 mRNA expression 
has also been reported in the red pulp of the 
spleen, cerebellum, and thymic medulla.59 
Indeed, altered LAG-3 expression together with 
its cleavage from the surface of immune or tumor 
cells governs optimal T-cell activity. Notably, 
through this cleavage, sLAG-3 is released into 
circulation, although its biological function has 
not been clearly understood.60,61 A poor expres-
sion of sLAG-3 in PB was positively associated 
with IL-12 and IFN-γ expression in patients with 

gastric cancer (GC) and increased sLAG-3 
expression has shown better prognosis in these 
patients.62 Importantly, the in vivo experiments 
with GC-bearing mice revealed that elevated lev-
els of sLAG-3 may inhibit tumor growth, along 
with promotion in the secretion of CD8+ T cells, 
IL-12, and IFN-γ. Hence, prolonged OS along 
with increased survival rate was correlated with 
increased levels of sLAG-3 in GC-bearing mice. 
In a study of human BC expressing estrogen or 
progesterone receptors, a high level of sLAG-3 
was also associated with better OS.63 In patients 
with early BC, following treatment with neoadju-
vant chemotherapy significantly increased levels 
of soluble co-inhibitory checkpoints including 
LAG-3, PD-L1, and TIM-3 have been reported 
that may indicate the recovery of immune homeo-
stasis in treated patients.64 Inconsistently, in CLL 
and ccRCC patients, sLAG-3 was found lightly 
associated with poor survival, while in the CLL 
group, the sLAG-3 could enhance leukemic cell 
activation along with anti-apoptotic proper-
ties.65,66 A recent study has shown a correlation 
between elevated levels of sLAG-3 and advanced 
tumor stage in ccRCC patients.66 Elevated 
sLAG-3 expression has also been reported in Treg 
cells in the PB of patients with advanced mela-
noma and colorectal cancer.67 This contradiction 
could be explained by the differential regulatory 
role of sLAG-3 in governing interaction between 
LAG-3 and MHC-II or by the individual immune 
response at different cancer sites.68,69 Last but not 
least, a negative correlation between sLAG-3 
expression and CD8A (cluster of differentiation 
8a; T-cell marker) in ccRRCC patients may indi-
cate that elevated sLAG-3 may influence T-cell 
suppression at the tumor site, which may lead to 
cancer development in these patients. In addi-
tion, in virally mediated tumors, overexpression 
of the LAG-3 for Epstein–Barr virus (EBV) in 
GC and human papillomavirus (HPV) in cervical 
cancer and head and neck squamous cell (HNSC) 
cancer deserves attention. Significant overexpres-
sion of LAG-3 has been reported in EBV+ tumors 
in gastric cancer (stomach adenocarcinoma), and 
HPV+ tumors in cervical [cervical squamous cell 
carcinoma and endocervical adenocarcinoma 
(CESC)] and HNSC cancer.70 Interestingly, 
while the expression of PD-1 and CTLA-4 
immune checkpoints were also significantly 
increased in EBV+ GC and HPV+ cervical can-
cer, neither the ligands of PD-1 nor the ligands of 
CTLA-4 were upregulated in HPV+ HNSC 
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cancer.70 Hence, regarding the overexpression of 
LAG-3 in HPV+ HNSC cancers, LAG-3 block-
ade alone or in combination with other immune 
checkpoint pathways blockade including PD-1 
might be of particular benefit. However, the 
results from a recent phase I/II clinical trial of the 
LAG-3 inhibitor ieramilimab (LAG525) either 
with anti-PD-1 spartalizumab (PDR001) or alone 
in patients with advanced malignancies deserve 
particular attention.71 Although ieramilimab was 
well tolerated as monotherapy and in combina-
tion with spartalizumab, a moderate response was 
seen with combined treatment in patients. Hence, 
with respect to LAG-3 biology, there are still seri-
ous debates including whether ligands other than 
the MHC-II can be actively involved in the course 
of immunotherapy. Clinical trials that have been 
conducted so far on LAG-3 are mainly in combi-
nation with the PD-(L)1 axis, hence, whether 
LAG-3 combination with other inhibitory mole-
cules may show promising results or not should 
be discovered with further experiments. Certainly, 
data collection from completed and ongoing clin-
ical trials would be extremely helpful to test the 
hypothesis. Table 2 summarizes the characteris-
tics of anti-LAG-3-specific monoclonal antibod-
ies or antagonists currently used in clinical trials.

T-cell immunoreceptor with Ig and ITIM 
domains (TIGIT)
TIGIT, which belongs to the poliovirus receptor 
(PVR)precursor family, has one extracellular 
immunoglobulin (Ig) variable domain and a short 
intracellular domain, while a type I extracellular 
transmembrane domain shares sequence homol-
ogy with DNAX accessory molecule-1 (DNAM-
1), CD96, CD155, CD111, CD112, CD113, 
and poliovirus receptor-related 4 (PVRL4).72 The 
short intracellular domain includes one immuno-
receptor tyrosine-based inhibitory motif (ITIM) 
and one immunoglobulin tyrosine tail-like motif 
where both the extracellular and the intracellular 
domains share 58% sequence homology between 
humans and mice while in contrast, the ITIM has 
an identical sequence in mice and humans.72,73 
The low expression of TIGIT has been reported 
on naïve cells including CD4+ T cells, CD8+ T 
cells, and Tregs along with NK cells and its expres-
sion is upregulated to the highest levels in those 
activated cells that are influenced by various 
oncogenic expression factors.72,74 Three ligands 
have been identified for TIGIT including CD112 

(also known as nectin-2), CD113, and CD155 
(also known as PVR) while the last one is the 
main ligand in both humans and mice.75 
Notably, most human malignancies have shown 
overexpression of CD155 and CD112 on vari-
ous immune cells and in hematopoietic or  
non-hematopoietic tissue, respectively.76–78 
Upregulation of CD155 and CD112 has been 
found to be caused by IFN-γ in tumor cells.79 
Consistently, it has been also proven that 
cytokines are produced by DCs through interac-
tion between TIGIT and CD155.72 TIGIT inhib-
its effector T cells and NK cells via either 
cell-extrinsic or cell-intrinsic manner and through 
interaction with CD155 or DNAM-1 ligand.80 In 
addition, the direct inhibitory signals delivered by 
TIGIT via interaction with PVR and PVRL2 that 
inhibits human NK cell cytotoxicity are signifi-
cant.74 In this context, the mechanisms of action 
of TIGIT have been recently reviewed else-
where.81 Despite the in-depth discovery of the 
mechanism of action of TIGID, it is still unclear 
whether all these pathways are active in every 
TIGIT expression cell or whether each individual 
immune cell acquires a specific mechanism of 
action. As we indicated above, on TILs, TIGIT 
expression increases and its upregulation has 
been reported in various cancers, including BC, 
melanoma, GC, chronic myeloid leukemia, colo-
rectal cancer, nasopharyngeal carcinoma, and 
non-small-cell lung cancer (NSCLC).82–89 For 
the mentioned malignancies, CD8+ T cells have 
shown significantly increased levels of TIGIT 
expression; however, elevated TIGIT levels have 
been also reported on tumor-infiltrating Treg and 
NK cells. There are several disappointing clinical 
outcomes and the expression of TIGIT includes 
the development of metastases, poor survival, and 
disease severity along with relapse post-transplan-
tation. Consistent with these findings, there is a 
study that indicates TIGIT deficiency produced 
potent antitumor immunity with protection con-
tra B16 experimental lung metastasis in mice.90 
On the other hand, in myelodysplastic syndrome 
(MDS), which is characterized by abnormal  
quality and quantity of blood cells including PB 
cytopenia and dysfunctional bone marrow hemat-
opoiesis, high expression of TIGIT was reported 
in PB NK and T cells, which was involved in dis-
ease progression along with immune escape of 
MDS.91 Furthermore, the increased expression of 
TIGIT in NK, CD8+, and CD4+ restricts the 
function of NK and T cells through decreasing 
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cytokines expression including IFN-γ, TNF-α, 
and CD107a.91 Decreased expression levels of 
aforementioned cytokines were also observed in 
higher-risk MDS patients compared to lower-risk 
patients. Interestingly, TIGIT+ T and NK cells 
show significantly increased proliferation com-
pared to TIGIT− T and NK cells. The observed 
results revealed that TIGIT can be considered as 
a negative immune checkpoint in MDS, with 
inhibitory effects on cytokines secretion and pro-
liferation ultimately leading to inhibition of anti-
tumor immune response in MDS patients. 
Consistent with this conclusion, Han et  al.92 
recently reported new pathways of antitumor 
response by TIGIT blockade through analysis of 
fragment crystallizable gamma receptor (FcγR) 
interaction and myeloid cell activation.92 The 
authors found that the anti-TIGIT therapeutic 
effect rather is achieved by possible reverse acti-
vating signals via FcγRs on myeloid cells with 
induction of cytokines and chemokines expres-
sion, than depletion of TME Treg or any other 
immune cell expressing TIGIT. The production 
and control of various cytokines through activat-
ing FcγRs have been also previously reviewed in 
human pathogen defense and autoimmunity.93 In 
a recent study on patients with oral squamous cell 
carcinoma (OSCC), a dysfunctional phenotype 
including low secretion of IL-2, TNF-α, and 
IFN-γ was reported for TIGIT highly expressed 
CD4+ and CD8+ T cells from PB mononuclear 
cells and TILs.94 Notably, inhibitory functions 
such as high expression of Foxp3 and elevated 
levels of IL-10 were also measured for TIGIT+ 
CD4+ T cells in these patients. Last but not least, 
in this study, the in vitro proliferation and cytokine 
production of CD4+ and CD8+ T cells improved 
with TIGIT blockade. Connected to these find-
ings, the Fc-dependent antitumor capabilities of 
anti-TIGIT antibodies, which are independent of 
Treg depletion, deserve attention in malignant dis-
eases. Hence, a novel design of a new class of 
engineered Fc-antibodies may enhance the thera-
peutic abilities of anti-TIGIT antibodies improv-
ing their antitumor immune response either alone 
or in combination with other ICB. In this context, 
the simultaneous blockade of three different 
checkpoint receptors including PD-1, LAG-3, 
and TIGIT along with NBTXR3-enhanced local-
ized radiation combinatorial therapy in an 
anti-PD1-resistant lung cancer model in mice, 
has shown improved therapeutic efficacy.95 
Consistently, in preclinical studies of the 

ICB-resistant colorectal tumor model MC38 
expressing human carcinoembryonic antigen, the 
combined treatment strategy of three independ-
ent pathways TIGIT:CD155, PD-1/PD-L1, and 
transforming growth factor beta (TGF-β) has 
shown significant antitumor efficacy.96 In addi-
tion, the combination of atezolizumab (anti-PD-
L1) and tiragolumab (anti-TIGIT) treatment in 
an ex vivo assay for microsatellite stable colorectal 
tumor cells could restore CD4 and CD8 TILs 
functionality in this type of cancers which are also 
resistant to anti-PD-1/PD-L1 therapy.97 Finally, 
the recent study of dose escalation for etigilimab 
(anti-TIGIT antibody) alone or in combination 
with nivolumab (anti-PD-1 antibody) in patients 
with locally advanced or metastatic solid tumors 
showed an acceptable safety profile that warrants 
further research in clinical trials.98 Besides, 
recently developed bispecific PD-L1/TIGIT anti-
bodies have shown promising results in preclini-
cal studies including increased OS in transgenic 
mice.99 The bispecific PD-L1/TIGIT antibodies 
have also shown improved human IL-2 secretion 
by primary human T cells. Consistently, by apply-
ing CD122-directed IL-2 complexes in mice 
treated with radiation and anti-PD-1, the circu-
lating stem-like CD8+ T cells were increased.100 
Notably, a recent study has also indicated that 
low-affinity IL-2 (laIL-2) to PD-1+ T cells could 
induce better tumor control with lower toxic-
ity.101 It should be mentioned that in this study, 
the laIL-2 could neither activate peripheral CD8+ 
nor Treg cells due to low binding features to 
IL-2Rα and IL-2Rβ, while it conversely was able 
to activate CD8+ T cells in the tumor particularly 
when coupled with anti-PD-1. Until now, there 
are two bispecific antibodies targeting PD-L1/
TIGIT including HLX301 and PM1022, from 
Henlius Inc. and Biotheus Inc., respectively, 
which have been under study. Ongoing clinical 
trials for TIGIT-specific monoclonal antibodies 
or antagonists are presented in Table 3.

V-domain Ig suppressor of T-cell activation
VISTA is a type I Ig membrane protein with 55–
65 kDa molecular weight which is also known as 
differentiation of embryonic stem cells 1, platelet 
receptor Gi24 precursor, B7-H5, SISP1, death 
domain 1α (DD1α) and programmed death pro-
tein-1 homolog (PD-1H) that belongs to the 
B7-family while shares 22% homology with 
PD-L1 but has large structural differences with 
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CD276, CD80, and CD86 among the B7 fam-
ily.102 VISTA expression on hematopoietic and 
myeloid cells has been addressed together with its 
high expression on mature APCs, which are ana-
lyzed for their high CD11b. The extrinsic trans-
formation inhibitory signals induced to T cells by 
VISTA, when expressed on APCs, further address 
its action as a ligand on myeloid cells, particu-
larly, APCs.103 In addition, V-Set and immuno-
globulin domain-containing 3 (VSIG-3) is also 
known as immunoglobulin superfamily member 
11 (IGSF11) or brain-specific testis-specific 
immunoglobulin superfamily (BT-IgSF), and has 
been identified recently as a ligand of the B7 fam-
ily member VISTA/PD-1H, and interestingly its 
inhibitory effect on human T-cell functions 
through a novel VSIG-3/VISTA pathway has 
been unveiled.104 It should be noted that, despite 
the structural similarity of the VISTA extracellu-
lar domain to PD-L1, there is no association of 
VISTA with the CD28-B7 family. Therefore, the 
pathways through which VISTA and PD-1 check-
points govern their inhibitory functions are inde-
pendent.105 Finally, but not least, the coinhibitory 
receptor P-selectin glycoprotein ligand-1 (PSGL-
1) has recently been shown to interact with multi-
ple histidine residues in the extracellular domain 
of VISTA particularly at the acidic pH, a condi-
tion that mostly found in TMEs. At acidic pH 
conditions, the R chain of histidine looses protons 
and the subsequent post-translational modifica-
tion facilitates binding to the ligand.106 
Importantly, VISTA-mediated immune suppres-
sion is inhibited in vivo by antibodies that block 
the associated interaction in acidic environ-
ments.106 Remarkably, the insignificant VISTA 
expression on CD8+, CD4+, Treg, and TILs also 
deserves attention.105 On CD4+, VISTA act like a 
co-inhibitory receptor and its action inhibits 
T-cell activation, propagation, and cytokines pro-
duction via anti-CD3 activation.107 Consistently, 
VISTA−/− CD4+ T cells have shown strong anti-
gen-specific proliferation along with cytokine pro-
duction as compared with naïve T cells and 
further VISTA-neutralizing monoclonal antibod-
ies attenuate VSIG-3-induced T-cell inhibition 
via decreasing the binding of VSIG-3 and 
VISTA.104,108 In hematological malignancies, the 
potential roles of VISTA in immunotherapy also 
deserve attention. For example, in a study per-
formed by Pagliuca et al.,109 the elevated VISTA 
expression can influence a patient’s response to 
chemotherapy by impeding the immune response 

and facilitating leukemia relapse. In this study, 
the elevated VISTA expression in myeloid neo-
plasia versus lymphoid subsets was seen by analyz-
ing of human leukemia and lymphoma cell lines. 
In addition, the VISTA overexpression in AML 
cells of nucleophosmin 1 (NPM1) mutant was 
confirmed in both leukemic and CD3+ cells in 
short first remission versus long first remission 
cases according to the length of first remission. By 
observing these results, authors conclude that the 
VISTA high expression on AML cells might indi-
cate an early reaction to immune activation-medi-
ated tension for controlling tumor progression. 
Furthermore, this study highlighted the VISTA 
as a potential target for the treatment of patients 
with AML either in the prevention of disease 
recurrence or in patients with treatment refrac-
tory disease. In a murine brain glioma model, the 
VISTA-deficient animal highly resisted tumor 
induction, and in this model, depletion of  
CD4+ T cells enhanced tumor formation.110 
Consistently, elevated VISTA expression is also 
reported in glioma tissues in Gtex when com-
pared with normal tissues.111 With worthiness, in 
a recent study conducted by Zhang et al.,112 based 
on VISTA and CD8+ TILs in patients with hepa-
tocellular carcinoma (HCC), they classified 
TMEs into four immune subtypes as follows: 
VISTA+/CD8+, VISTA+/CD8−, VISTA−/CD8+, 
and VISTA−/CD8+.112 In this study, patients with 
VISTA-positive expression in tumor cells have 
shown prolonged OS as compared with those 
with VISTA-negative expression, and the tissue 
dual positive for VISTA and CD8+ TILs that 
were measured by various tissue microarray anal-
ysis was associated with favorable TME and bet-
ter OS. In patients with high-grade serous ovarian 
cancer, VISTA expression on immune and 
endothelial cells was associated with pathologic 
type, while conversely its expression on tumor 
cells was associated with prolonged OS.113 
Furthermore, the association between VISTA 
expression in tumor cells and a favorable prog-
nostic significance has recently been reported in 
patients with pancreatic cancer.114 Consistent 
with these findings, in prostate cancer patients 
who were treated with anti-CTLA-4 (ipili-
mumab), the increased expression of PD-L1 and 
VISTA inhibitory molecules in independent sub-
sets of macrophages deserves attention.115 In 
OSCC, VISTA expression in tumor cells and 
lymphocytes is associated with IL-33 levels.116 
The IL-33 biology in various cancers has been 
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described elsewhere.117 In fact until recently and 
in patients with cancer, VISTA has mostly been 
described as a negative checkpoint regulator that 
suppresses T-cell activation with subsequently 
poor prognosis. Hence, the novel discovery of 
VISTA protein expression in tumor cells of 
patients with HCC or patients with high-grade 
serous ovarian cancer has underscored the impor-
tance of its newly found expression on tumor cells 
that results in a favorable prognosis. This finding 
may be of great interest to investigate the poten-
tially precise role of VISTA expression in tumor 
cells and to design a rational combination for can-
cer immunotherapy. Consistently, a recent study 
indicates that VISTA expression was promoted in 
tumor cells following the chemotherapy through 
the HIF-2α transcription factor.118 In the same 
study, the VISTA-blocking antibody 13F3 has 
shown therapeutic enhancement to carboplatin 
therapy. Importantly, in a recent study of patients 
with RCC along with venous tumor thrombus, 
the increased VISTA expression on immune cells 
was associated with T-cell exhaustion TOX 
marker expression and a worse prognosis of the 
disease.119 These results further indicate a VISTA 
inhibitor may potentially have synergistic effects 
when combined with chemotherapy. Given the 
significant therapeutic potential of VISTA target-
ing approaches, some VISTA-specific antagonist 
agents along with monoclonal antibodies with 
their potential suppressing VISTA activity that 
have recently moved into the clinical trials are 
presented in Table 4.

New B7 family checkpoints molecules
The newly discovered representatives of the B7 
family comprise five members which are B7-H3 
(also known as CD276), B7-H4 [(also known as 
B7S1, B7x, or V-set domain-containing T-cell 
activation inhibitor 1 (Vtcn 1)], B7-H5 (also 
known as VISTA, platelet receptor Gi24 precursor 
or PD-1H), B7-H6 [NK cell cytotoxicity receptor 
3 ligand 1 (NCR3LG1)], and B7-H7 [human 
endogenous retrovirus-H long terminal repeat-
associating protein 2 (HHLA2)].120,121 The impor-
tant features of B7-H5, known as VISTA, and its 
role in the regulation and suppression of immune 
reactions in cancer are shown in the previous sec-
tion. Thus, in this section, apart from B7-H5, we 
discuss the novel features of other members of the 
type I membrane B7 family. In mice and humans, 
there is a sequence similarity between B7-H3 and 

the extracellular domain of PD-L1; however, in 
humans, there is also an alternative isoform with a 
tandem repeat of immunoglobulin variable (IgV) 
and immunoglobulin constant (IgC) domains 
(VCVC) that is the most frequently expressed iso-
form.120 At the RNA level, the B7-H3 is generally 
expressed in both lymphoid and nonlymphoid cells 
while at the protein level, its expression is mainly 
found in T cells, B cells, monocytes, activated DC, 
and NK cells. Furthermore, its aberrant expres-
sion has been reported in various malignancies 
such as ovary, colorectum, liver, breast, prostate, 
brain, RCC, and NSCLC.120,122 The putative 
receptor which has been identified for B7-H3 is 
located on activated T cells; however, monocytes 
and macrophages that are influenced by various 
disease conditions are also recognized.123 The 
B7-H3 co-stimulatory or co-inhibitory action on 
CD4+ and CD8+ via TCR signaling that enhances 
IFN-γ production to produce cellular immunity, 
or through the nuclear factor of activated T cells, 
nuclear factor kappa B (NFκB), and activator pro-
tein 1 factor that influences TCR regulation to 
inhibit the associated gene transcription has been 
reported, respectively.124,125 Since the precise 
B7-H3 receptors have not been identified, this 
controversial functionality of B7-H3 might be due 
to other possible binding ligands that need to be 
discovered. Last, but also important, the potential 
role of soluble B7-H3 (sB7-H3) released from cells 
into serum and its blockage of matrix metallopro-
teinase inhibitor, which consequently accumulates 
B7-H3 on the cell surface, should be mentioned. 
In this context, the high circulating serum B7-H3 
levels have been associated with various malignan-
cies in patients.126 The association between the 
B7-H3 expression and the poor outcome in vari-
ous human cancers further emphasized the feasi-
bility of this immune checkpoint in the prediction 
and prognosis of various human cancers. For 
instance, B7-H3 in human BC is a direct target of 
microRNA (miR)-29c.127 Nygren et  al.127 have 
found that the high expression of miR-29c is asso-
ciated with a significantly reduced risk of death 
from BC.127 Downregulation of miR-29c may play 
roles in BC progression through deregulating 
B7-H3 expression in BC. Interestingly, nearly 50 
miRNAs that downregulate B7-H3 at protein lev-
els have been identified, and among them, 13 miR-
NAs including miR-214, miR-363, miR-326, 
miR-940, miR-29c, miR-665, miR-34b, miR-708, 
miR-601, miR-124a, miR-380-5p, miR-885-3p, 
and miR-593 target B7-H3 via binding to its 
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Table 4.  Current ongoing clinical trials for VISTA-specific monoclonal antibodies or antagonist agents.

Name of the 
compound

Mechanism of action Study phase Trial ID Targeted population Status

CI-8993 Human 
immunoglobulin 
(Ig) G1κ monoclonal 
antibody (mAb) against 
the VISTA ligand

Phase I ClinicalTrials.gov
NCT04475523

Patients with relapsed/
refractory solid tumors

Recruiting

JNJ-61610588 Human IgG1 kappa 
anti-VISTA monoclonal 
antibody

Phase I ClinicalTrials.gov
NCT02671955

Participants with advanced 
cancer

Terminated

CA-170 Small molecule (PD-
L1/PD-L2), and (VISTA) 
antagonist

Phase I ClinicalTrials.gov
NCT02812875

Adult patients with advanced 
solid tumors or lymphomas 
who have progressed or are 
nonresponsive to available 
therapies and for which no 
standard therapy exists

Completed

PD-L1, programmed cell death-ligand 1; VISTA, V-domain Ig suppressor of T-cell activation.

three prime untranslated region (3′-UTR).127 
Consistently, multiple adverse clinical symptoms 
have been found in association with elevated 
B7-H3 expression in either tumor cell or diffuse 
tumor vasculature in patients with ccRCC.128 In 
particular, in higher grade and stage RCC, lower 
miR-187 expression levels are observed.129 
Downregulation of miR-187 may be relatively 
involved in RCC progression through its interfer-
ing influence on B7-H3 expression. In osteosar-
coma cells, the expression level of B7-H3 is a 
direct target of miR-124, and overexpression of 
this tumor suppressor miRNA, inhibits cell prolif-
eration through targeting B7-H3 in OS tumor tis-
sue in vitro.130 Interestingly, in recent years, 
miRNA profiling and sequencing revealed that its 
expression is dysregulated in cancer mainly via 
amplification or deletion of miRNA genes or 
transcriptional control changes.131 Since miRNAs 
might act as either oncogenes or tumor suppres-
sors in different conditions, further studies of 
their alterations and associated signatures can be 
a useful approach for tumor classification, diag-
nosis, prognosis, and even immunotherapeutic 
treatments. Among five major hematologic malig-
nancies, the B7-H3 expression was reported to be 
highest in patients with AML and lowest in 
patients with acute lymphoblastic leukemia.132 
Importantly, analyzing B7-H3 expression via the 
TCGAseq and GSE10358 datasets showed that 

B7-H3 is associated with negative prognostic 
value in AML patients. Notably, positive correla-
tion between B7-H3 expression and four genes 
belonging to the tumor necrosis factor family 
including TNFRSF4 (OX40), TNFSF9 
(CD137L), TNFSF14 (LIGHT), and TNFRSF18 
(GITR) was identified in patients with AML. In 
addition, in these patients, the VISTA (B7-H5) 
and CD70 genes also showed a positive correla-
tion with B7H3 expression. Consistent with this 
study, other studies confirm blocking CD70 in 
patients with AML has effective therapeutic 
results.133 Among various strategies in cancer 
immunotherapy, recently chimeric antigen recep-
tor T (CAR-T) cell therapy in prostate cancer tis-
sues and cells also deserves attention.134 The high 
expression of B7-H3 on the surface of PC3, 
DU145, and LNCaP cells and prostate cancer 
tissues was efficiently inhibited in vitro and  
in vivo by B7-H3 CAR-T cells in an antigen-
dependent manner. Furthermore, in vitro appli-
cation of B7-H3 CAR-T cells into tumor cells 
produced high levels of IFN-γ and TNF-α that 
indicates B7-H3 can be a potential target for spe-
cific CAR-T cells therapy in prostate cancer. 
There are already studies that explain the precise 
role of those cytokines in the treatment of can-
cers.135 Consistently, in NSCLC treatment with 
dihydroartemisinin (DHA), the B7H3 expression 
was also actively involved with the positive effect 
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of the antitumor agent.136 In this study, DHA 
treatment largely inhibited the B7-H3 overex-
pression while it expanded the infiltration of 
CD8+ T Lymphocytes in the xenografts. This 
result further highlights the potential effect of 
B7-H3 blockade in cancer immunotherapy. 
Another type I membrane B7 family member is 
the B7-H4 that contains one IgV and one IgC 
domains with 87% amino acid similarity between 
humans and mice.120 Recent studies indicated the 
broad spectrum of patients’ tumors that have 
been associated with aberrant B7-H4 expression 
across a wide variety of cancers, including colo-
rectal, craniopharyngioma, RCC, BC, prostate 
cancer, pancreatic cancer, esophageal squamous 
cell carcinoma (ESCC), and cervical cancer.137–144 
Furthermore, serum sB7-H4 may be a valuable 
prognostic marker in patients in this wide spec-
trum of cancers. In patients with non-metastatic 
ccRCC, the high levels of sB7-H4 along with ele-
vated PB neutrophil count were associated with 
either poor progression-free survival (PFS) or 
OS.145 Recently, Emaldi and Nunes-Xavier146 
have found increased B7-H4 gene expression in 
Caki-1 and 786-O renal cancer cells that were 
treated either with tyrosine kinase inhibitors (axi-
tinib, cabozantinib, and lenvatinib) or mTOR 
inhibitors (everolimus and temsirolimus).146 In 
this study, knocking down the expression of 
B7-H4 by small interfering RNA (siRNA) 
reduced renal cancer cell viability while increas-
ing sensitivity to drug treatment. These findings 
highlight the therapeutic potential of B7-H4 in 
immune checkpoint-targeted therapy. Although 
the activated T cells and myeloid-derived sup-
pressor cells (MDSCs) express the B7-H4 puta-
tive receptor, its counter receptor has not been 
identified yet. The contact between B7-H4 and 
its associated receptors inhibits TCR-mediated 
T-cell proliferation and induces IL-2 production 
which negatively regulate T-cell responses. 
Consistently, in a study conducted by Xu et al.,147 
the B7-H4 expression at both mRNA and protein 
levels was measured to be upregulated by IL-2, 
IFN-α, and IFN-γ in a ccRCC cell line which was 
obtained from patients with RCC.147 In this 
study, the low efficacy of IL-2, IFN-α, and IFN-γ 
in metastatic RCC could be due to the pathway in 
which the B7-H4 escapes from the immune 
response. Finally, it should be considered that 
immunohistochemical analysis of cervical cancer 
tissues has also revealed a negative correlation 

between B7-H4 expression and IL-2 cervical can-
cer patients.148 Since this research proposes that 
the putative B7-H4 receptor could be induced 
upon activation, the discovery of more specific 
receptors, even at highly differentiated levels, 
could improve our understanding of B7-H4 anti-
tumor immunity. It should be taken into account 
that the B7-H4 mRNA is extensively spread in 
peripheral tissues but it has low or absent expres-
sion at protein level in normal tissues. Hence, its 
high protein expression in tumor tissues exposes 
the B7-H4 as a crucial target for immunotherapy. 
Consistently, the preclinical study with B7-H4-
specific CAR-T cells or its antibody-mediated 
blockade has revealed promising therapeutic 
results in vitro and in vivo.149,150 Inconsistent with 
the findings mentioned above, the positive prog-
nostic role of sB7-H4 in patients with NSCLC 
treated with pembrolizumab should not be 
neglected.151 For example, patients with elevated 
levels of sB7-H4 (>63.9 pg/mL) have shown 
longer OS and PFS. In this context, unveiling the 
precise interaction of sB7-H4 with the cell pro-
tein that consequently enhances T-cell-mediated 
immune reaction deserves particular attention. 
Among the B7 family members identified until 
now, B7-H6 and B7-H7 are the most recently 
distinguished proteins. B7-H6 activates NK cells 
through NKp30 has two Ig domains including 
IgV and IgC with homologous sequences as well 
as the other B7 family members.152 In contrast 
with the B7-H4, the B7-H6 mRNA is not broadly 
found in normal tissues while its high expression 
has been reported in various subsets of human 
HCC and chronic myeloid leukemia.152,153 
Similarly, the expression of human B7-H6 pro-
tein is not seen in healthy tissues while its expres-
sion is elevated on various human tumors such as 
cervical cancer, ESCC, BC, small-cell lung can-
cer, and posterior lipopolysaccharide (LPS) stim-
ulation of glioma cells.154–158 In this context, the 
negative prognostic value of B7-H6 in human 
cancers deserves also particular attention. In 
patients with pancreatic cancer, the B7-H6 
expression on tissues has been associated with 
tumor progression and metastasis while notably 
the soluble form of it has shown the same profile 
in these patients.159 Shorter OS was seen also at 
high expressed levels of both the B7-H6 cell sur-
face and sB7-H6. In this study, the in vitro knock-
ing out of B7-H6-induced NK cells increased 
cytokine production and increased the PC tumor 
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cells’ interaction with NK-mediated cytotoxicity. 
Apart from these findings, the B7-H6 may show 
opposing functions based on its opposite effects 
on NK cells. In this context, some reports indi-
cate that the B7-H6-expressing tumor cells can 
be eliminated by the immune system through 
cytotoxicity or secretion of various cytokines. 
Several approaches applied to tumor therapies 
including radiotherapy, chemotherapy, and 
immune mediator therapy using cytokines such as 
TNF-α, have been shown to upregulate B7-H6 
expression in tumor cells and enhance their sensi-
tivity to NK cell cytolysis.160 Although tumor-
induced B7-H6 cells stimulate innate immunity, 
the mechanism by which these cells escape from 
the immune system should not be overlooked. 
For example, the B7-H6 induces anti-apoptosis 
through signal transducer and activator of tran-
scription 3 (STAT3) pathway activation and pro-
motes tumor proliferation.161 In addition, to 
speed up tumorigenesis, B7-H6 secretes TNF-α, 
IFN-γ, and B7-H6-specific bispecific T-cell 
engager (BiTE) triggers T.161 In this context, the 
specific interaction of the B7-H6 on the surface of 
transformed cells with NKp30 that produces 
IFN-γ also deserves attention.162 Notably, low 
IFN-γ levels in various cancers including H22 
hepatoma and B16 melanoma induced PD-L1, 
PD-L2, CTLA-4, and facilitated tumor immune 
escape.163 In human oral squamous carcinoma, 
PD-L1 surface expression is increased by IFN-γ 
through the protein kinase D isoform 2 (PKD2) 
signal pathway while inhibition of PKD2 activity 
prevents PD-L1 expression along with antitumor 
effect enhancement of tumor antigen-specific T 
cell.164 It should be taken into account that both 
type IFN I and II regulate a multigenic PD-L1-
dependent and PD-L1-independent resistance to 
ICB and their precise molecular mechanisms have 
been explained elsewhere.165 Several factors that 
influence tumor cells can also regulate B7-H6 
expression. For example, its surface expression 
can be upregulated by endoplasmic reticulum 
(ER) stress. Protein kinase R-like ER kinase 
(PERK) that phosphorylates eukaryotic initiation 
factor-2α (eIF2α) plays a pivotal role in B7H6 
induction via ER stress.166 Obiedat et al.166 have 
revealed that nelfinavir and lopinavir enhance 
eIF2α phosphorylation and subsequently provoke 
B7-H6 expression, a condition in which the 
enhanced B7-H6 expression improved melanoma 
targets for CAR-T cells directed against this 
immune checkpoint.166 Furthermore, the class I 

histone deacetylase inhibitors (HDACi) or siRNA-
mediated knockdown of the class I histone dea-
cetylases (HDAC) 2 or 3, downregulates the 
B7-H6 expression either at transcription or at 
translation levels, respectively.162 Such a down-
regulation at the translation level reduces the 
NKp30-dependent effector functions of NK 
cells.162 Regarding these findings and as a poten-
tial cancer treatment, combined immunotherapy 
with HDACi should be further investigated. 
Finally, regarding the therapeutic potential of 
bispecific antibodies targeting B7H6, recent 
results obtained from a novel B7-H6-targeted 
IgG-like T cell-engaging antibody in gastrointes-
tinal tumors deserve attention. This study 
revealed that B7-H6/CD3 IgG-like T-cell engager 
(ITE) induced redirection of T cells into B7H6 
expressing tumor cells yielded various results 
including proliferation of T cells along with 
B7-H6-dependent lysis of tumor cells. In addi-
tion, in in vitro coculture assays and in vivo colo-
rectal cancer models, cytokine secretion and 
infiltration of T cells into tumor tissues were 
observed.167 These results highlight the impor-
tance of additional clinical investigations in 
B7-H6 targeted therapy. Until now, the regula-
tion of B7-H6 expression in tumor cells is not 
adequately explored. However, a broad under-
standing of the actual mechanisms that govern 
B7-H6 expression is also pivotal for the evalua-
tion of this immune checkpoint as a crucial target 
in tumor therapies. Last but not least, in the B7 
family, the B7-H7 which is known as HHLA2 
with its associated receptor CD28H [transmem-
brane and immunoglobulin domain-containing 
protein 2 (TMIGD2) or immunoglobulin con-
taining and proline-rich receptor-1 (IGPR1)] is 
only found in humans.168 Despite B7-H7 expres-
sion in various epithelia of human organs, its 
expression has also been reported on human 
monocytes and macrophages. Although there is 
no expression of B7-H7 on resting T or B cells, 
IFN-γ or other inflammatory signals like LPS or 
polyinosinic:polycytidylic acid (poly I:C) upregu-
late B7-H7 expression on mature monocytes and 
dendritic cells.121,169 Furthermore, a high expres-
sion of CD28H has been reported on naïve T 
cells, pDCs, and NK cells.170 Regarding the 
B7-H7 functionality as a co-stimulatory mole-
cule, the B7-H7 interaction with CD28H on the 
NK cells activates them via selective synergy with 
receptors NKp46 and 2B4 that are located on the 
surface of NK cells. This interaction further 
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induced pro-inflammatory cytokine secretion 
along with degranulation and lysis of B7-H7+ 
tumor cells.171 The high expression of B7-H7 on 
tumor cells intensifies NK cell functions either 
via natural or antibody-dependent cellular cyto-
toxicity.171 Hence, the antitumor activity of NK 
cells through the interaction between B7-H7 and 
its associated receptors CD28H as a potent acti-
vator of NK cells should not be neglected. 
Importantly, the inhibitory function of the B7-H7 
on T-cell activation and proliferation via TCR 
and CD28 signaling pathways also deserves atten-
tion.121 The simultaneously combined TCR and 
CD28 stimulation increased B7-H7 co-inhibitory 
action on T cells as much as PD-L1 co-inhibitory 
activity.172 Accordingly, there is also a study indi-
cating that B7-H7 prevents the proliferation of 
CD4+ and CD8+ T cells in the presence of TCR 
signaling.121 Interestingly, the blockade of B7-H7 
boosted T-cell activity and proliferation, which 
further emphasized the role of its blockage  
as a new therapeutic approach. The elevated 
expression level of B7-H7 in breast, lung, ccRCC, 
colorectal carcinoma, intrahepatic cholangiocar-
cinoma, and malignant glioma that is associated 
with poor prognosis or metastatic disease in 
patients has drawn the attention of the clinical 
significance of the B7-H7 expression in human 
cancer therapy.173–176 In in vivo experiments of 
human gallbladder cancer, the HHLA2 overex-
pression promoted tumor progression while its 
knockdown reduced the sizes of the GBC 
tumors.177 Conversely, the HHLA2 ablation 
inhibited both TGF-β1- and long noncoding 
RNA H19-induced GBC progression in vitro. 
However, in a recent study on human ccRCC 
that evaluated the HHLA2 prognostic value, a 
positive correlation between increased HHLA2 
and survival rates is reported.178 In this context, 
neither costimulatory nor co-inhibitory roles of 
the B7-H7 and CD28H pathways in T-cell acti-
vation or for other immune cells have been fully 
understood. Therefore, the identification of 
unknown receptors on activated T cells or other 
immune cells that could interact with tumor-
expressed B7-H7 cells should be further investi-
gated. Finally, given the above findings, targeting 
the interaction between tumor-expressed B7-H7 
and endothelial-expressed CD28H, which may 
enhance angiogenesis in TME, could be a novel 
therapeutic approach in antitumor immunity. 
Interestingly, in a recent study, the either stimula-
tory or inhibitory role of HHLA2 expression in 

colorectal cancer has been also addressed.179 
Currently ongoing clinical trials for the new B7 
family checkpoint molecule-specific antagonists 
are presented in Table 5.

B-cell and T-cell lymphocyte attenuator
B- and T-cell lymphocyte attenuator (BTLA) 
also termed CD272 is an extracellular Ig domain-
containing glycoprotein that belongs to B7/CD28 
superfamily, whereas its associated ligands 
HVEM (herpesvirus entry mediator) which is also 
termed as TNFRSR14 belongs to TNF/TNFR 
superfamily.180 Interestingly, the TNF superfam-
ily that interacts with HVEM also includes two 
ligands such as lymphotoxin alpha (LTalpha) and 
LIGHT (TNFSF14).181 The HVEM, as a com-
plex cosignaling molecule, further interacts with 
the Ig superfamily BTLA and CD160. Based on 
the HVEM ligand engagement, the HVEM has 
both stimulatory and inhibitory functions. In this 
context, following its interaction with TNF mem-
bers on T and B cells, the HVEM induces stimu-
latory signals, whereas its interaction with BTLA 
or CD160 conversely induces an inhibitory signal 
on T cells.182 There is a study that indicates the 
interaction of LIGHT with the HVEM in lym-
phoid malignancy stimulates a significant eleva-
tion in the expression of IL-8 and the upregulation 
of apoptotic genes.183 By contrast, the interaction 
of BTLA with HVEM recruits the protein tyros-
ine phosphatases Src-homology phosphatase 
type-1 (SHP-1) and Src-homology phosphatase 
type-2 (SHP-2) and suppresses TCR activa-
tion.184 Notable, recruitment of SHPs to its cyto-
plasmic domain blocks also TCR signal 
transduction after ligation to CTLA-4 or PD-1.184 
Last but not least, ligation of BTLA with HVEM 
inhibits the secretion of cytokines including IL-2, 
IFN-γ, IL-4, and IL-10 and downregulates the 
proper immune response.185,186 Consistently, in a 
murine TC-1 cervical cancer model, blocking 
BTLA-HVEM interactions with psBTLA [eukar-
yotic expression plasmid that expressed the extra-
cellular domain of murine BTLA (soluble form of 
BTLA)] significantly enhanced antitumor immu-
nity of heat shock protein 70 (HSP70) vaccine by 
increasing the expression of Th1 cytokines, IL-2, 
and IFN-γ in the TME.187 Despite the BTLA 
expression on T cells and B cells, its expression 
has been seen further on other critical regulators 
of pro- and antitumor immunity like NK cells and 
APCs.188,189 During the past decade, various 
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studies on tumor cells and their microenviron-
ment have revealed the irregular expression of 
both BTLA and HVEM in effector lymphocytes 
against tumor cells. For example, the tumor cells 
immunohistochemistry analysis of patients with 
stage I–III NSCLC has shown high BTLA expres-
sion which was further associated with a positively 
high level of PD-L1 expression, lymphatic inva-
sion, a shorter relapse-free survival, and poor 
prognosis.190 Similarly, the BTLA expression was 
significantly upregulated on leukemic cells and 
NK cells from patients with CLL, and further 
soluble BTLA was found to be increased in the 
sera of these patients and this was associated with 
shorter survival time.191 Consistent with this, in 
patients with CLL, increased expression of BTLA 
on the surface of CD4+ and CD8+ T lympho-
cytes was correlated with poor outcomes and 
T-cell-mediated immune exhaustion.192 Notably, 
blocking BTLA combined with bispecific anti-
CD3/anti-CD19 antibody enhanced anti-leuke-
mic responses through CD8+ T cells. In this 
context, the BTLA/HVEM binding disruption 
further stimulated IFN-γ+ CD8+ T lymphocytes 
secretion. The anti- or pro-tumorigenic activities 
of IFN-γ and its associated receptors (IFN-γ 
receptor 1/2) have been defined elsewhere.193 
Likewise, in gastric biopsy and PB samples that 
were taken from patients with GC, an increased 
BTLA mRNA and protein were identified in 
advanced stages. Interestingly, in these patients, 
the HVEM was higher only at the protein level.194 
These recent findings highlight that the BTLA/
HVEM/sHVEM (soluble herpes virus entry 
mediator) inhibitory pathways may serve as 
potential therapeutic strategies in patients with 
GC. In an animal model study of epithelial ovar-
ian carcinoma, the combined chemotherapy 
along with anti-BTLA antibody significantly 
decreased peritoneal tumor volume and pro-
longed survival along with increased activated 
CD4+ and C8+ T lymphocytes in affected 
mice.195 In this study, the BTLA expression was 
identified predominantly on B lymphocytes, par-
ticularly on CD19hi B cells, and the elevated 
expression might be due to the increased secre-
tion of anti-inflammatory cytokines including 
IL-6 and IL-10 through phosphorylation of 
STAT3 and serine/threonine kinase (AKT) in B 
lymphocytes. Notably, the influence of increased 
anti-inflammatory cytokines like IL-6, IL-10, and 
TGF-β on tumor progression in ovarian cancer 
has been reported elsewhere.196 The synergistic 

therapeutic value of anti-PD-1 and anti-BTLA 
against murine glioblastoma also has been 
reported.197 A combined anti-PD-1 and anti-
BTLA therapy for tumor-bearing mice demon-
strated increased OS (up to 60%) compared 
either with anti-PD-1 (20%) or anti-BTLA (0%) 
individually (p = 0.003). Furthermore, in this pre-
clinical study, an increased expression of CD4+ 
IFN-γ (p < 0.0001) and CD8+ IFN-γ (p = 0.0365) 
was seen along with decreased levels of CD4+ 
FoxP3+ Treg in the brain (p = 0.0136) on this 
combined therapy. Another recent study of 
patients with cutaneous melanoma [skin cutane-
ous melanoma (SKCM)] has shown that BTLA 
expression levels increased in metastatic mela-
noma compared to normal skin tissues and pri-
mary melanoma. In this study, increased BTLA 
expression correlates with improved prognosis in 
SKCM and was positively associated with 
enhanced immune cell responses.198 Notably, the 
accurate BTLA anticipation in the outcome of 
melanoma patients that were treated with mela-
noma-associated antigen 3 (MAGE-A3) blocker 
or first-line anti-PD-1 further highlights the piv-
otal role of BTLA as a predictive biomarker in 
melanoma. Although this study did not support 
an inhibitory role of BTLA for immune escape 
and cytotoxic activity of effector lymphocytes, its 
expression as a single gene and independent good 
prognostic factor should not be overlooked and 
deserves to be systematically investigated in vivo 
and in vitro in other metastatic cancers. In this 
context, there is a recent study that revealed the 
tumor cell-intrinsic BTLA receptor could prevent 
tumor cell proliferation through the protein kinase 
(ERK1/2, extracellular signal-regulated protein 
kinase) signaling pathway.199 Importantly, the 
interaction of tumor cell-intrinsic BTLA and 
HVEM prevented extracellular regulation of pro-
tein kinase (ERK1/2) and consequently resulted 
in the inhibition of tumor cell proliferation. This 
study further highlighted that tumor cell-intrinsic 
BTLA/HVEM inhibition can be a potential target 
in cancer immunotherapy. Table 6 summarizes 
the characteristics of anti-BTLA-specific mono-
clonal antibodies currently under clinical trials.

Conclusions and future perspectives
In recent years, cancer immunotherapy and par-
ticularly immune checkpoints inhibitors (ICIs) 
including blocking CTLA-4/CD28 or PD-L1/
PD-1 axis are being investigated in various  
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Table 6.  Current ongoing clinical trials for BTLA-specific monoclonal antibodies or antagonist agents.

Name of the 
compound

Mechanism of action Study phase Trial ID Targeted population Status

JS004 Recombinant humanized 
IgG4κ monoclonal antibody 
specific to BTLA

Phase I ClinicalTrials.gov
NCT04278859

Patients with advanced 
solid tumor

Unknown

Phase I ClinicalTrials.gov
NCT04477772-in China

Patients with 
recurrent/refractory 
malignant lymphoma

Recruiting

Phase I ClinicalTrials.gov
NCT04773951-in China

Patients with advanced 
solid tumors

Recruiting

TAB004 +  
toripalimab

Monoclonal antibody 
specific to BTLA as 
monotherapy and in 
combination with an anti-
PD-1 monoclonal antibody

Phase I ClinicalTrials.gov
NCT04137900

Patients with advanced 
unresectable solid 
tumor + metastatic 
solid tumor

Recruiting

BTLA, B- and T-cell lymphocyte attenuator.

Figure 1.  A summarized overview of mechanisms of action of various immune checkpoints and immune 
cell components. Signals induced by each immune checkpoint and the interaction via immune mediators are 
schematically depicted.

preclinical experiments or clinical studies of 
human malignancies at various stages of disease. 
Despite some of their therapeutic success, a large 
proportion of patients indicates inadequate 
response to ICI due to the adaptive, primary or 

acquired resistance against immunotherapy. In 
TME, the PD-L1 overexpression in tumor cells is 
considered one of the crucial mechanisms 
involved in tumor immune escape and several 
factors, including cellular or intracellular 
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oncogenic signals, transcriptional factors, and 
posttranscriptional modifiers, could modulate its 
over expression. The soluble PD-L1 (sPD-L1) 
can also effectively predict metastasis and poor 
prognosis in various cancers through recruiting 
the suppressive immune cells into the affected 
sites. Hence, to increase the effectiveness of the 
ICI, combined CTLA-4 and PD-1 blockers like 
ipilimumab and nivolumab have been examined. 
Furthermore, the anti-PD-1/PD-L1 antibodies 
(pembrolizumab and nivolumab/atezolizumab 
and durvalumab) as the most broadly prescribed 
anticancer therapies have been also investigated 
in various clinical trials. However, both 
approaches indicate some degree of limiting 
immune-related adverse effects along with induc-
tion of autoimmunity in treated patients. 
Importantly, inhibition of some B7:CD28 path-
ways, such as PD-1 inhibitor, has been found to 
induce the expression of other immune check-
points that consequently weakens the influence of 
the ICI. Based on these observations, there is a 
need to discover novel targets or ligands that 
enhance ICI for various checkpoints, along with 
the feasibility of their combinational therapy in 
each individual cancer. In this context, those 
immune checkpoints that were discussed in this 
review and summarized in Figure 1, such as Tim-
3, LAG-3, TIGIT, VISTA, new B7 family pro-
teins, and BTLA are currently investigating to 
unveil either their potential costimulatory or coin-
hibitory characteristics as biomarkers in the 
course of immunotherapy and for the advance-
ment of targeted agents. Furthermore, the com-
plete picture of the checkpoint biology on the 
surface of various immune cells rather than T 
cells that are also infiltrating into TME, including 
macrophages, B cells, neutrophils, DCs, NK 
cells, cancer-associated fibroblasts, and MDSCs, 
may open new horizons for the next generation of 
immunotherapies. Undoubtedly, the discovery of 
the precise molecular pathways regulated by each 
of them and their explicit roles in immune home-
ostasis, along with the identification of their novel 
ligands could support the innovative approaches 
to immunotherapy. Finally, due to the plasticity 
of tumors and to enhance the curative effect of 
ICIs, additional factors including TME composi-
tion, tumor mutation burden, and microsatellite 
instability, together with the individual properties 
of the patient’s immune response, should be 
taken into account for the development of future 
sequential therapeutic strategies ICIs.
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