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Abstract. Immunotherapy has become the main stream in cancer treatment nowadays. It includes T cell, 
NK cell targeted therapy, as well as antibody targeted therapy and its derivatives. Recently immune 
checkpoints blockade (ICB) has been developed, which are said to be a better method in treatment. The 
release of negative regulators of immune activation has resulted in unprecedented rates of long-lasting 
tumor responses in patients with a variety of cancers. This can be achieved by antibodies blocking the 
cytotoxic T lymphocyte–associated protein 4 (CTLA-4), the programmed cell death 1 (PD-1) and 
programmed cell death ligand 1 (PDL-1) pathway or the lymphocyte-activated gene-3 (LAG-3) pathway, 
either alone or in combination. Improvement of treatment benefits from the research in molecular 
mechanisms of ICB. For example, mechanism of LAG-3 and its valid ligands is unclear, which leads to a 
misunderstanding that the antibody might be ineffective. After finding these results demonstrating that 
fibrinogen-like protein 1(FGL1) is an important functional ligand of LAG-3, it reveals the role of this LAG 
3-FGL1 pathway in tumor immunity. Although there are some potential side effects, these therapies turn out 
to have lots of positive effects on most patients. Therefore, this review summarizes the latest advances, 
hoping that it may have a great contribution to the cancer treatment. 

1 Introduction of Immune checkpoints 

There are several types of immune checkpoints based on 
what they target at. The majority of immune checkpoints 
are expressed on T cells such as PD-1, PDL-1, CD137, 
BTLA, CTLA-4, B7-1/2 and CD40 while PD-1, HVEM, 
CD160, CD226 and TIGIT can also be expressed on 
natural killer cells. Signal-regulatory protein (SIRP)a, 
LILRB1, and sialic-acid-binding Ig-like lectin 10 (Siglec-
10) are inhibitory receptors expressed on myeloid cells, 
including macrophages, dendritic cells (DCs) and 
neutrophils[1, 2]. 

2 PD-1 and PDL-1 

In 1992, Honjo Tasuku first identified PD-1 as an 
induction gene on activated T lymphocytes, which made 
a significant contribution to the establishment of the 
principle of cancer immunotherapy by blocking PD-1. 
Then, in 1999, Chen Lieping reported PDL-1, the third 
member of the B7 family, and found that B7-H1 was 
different from the previously reported members of the B7 
family in that it could not bind CD28, CTLA-4 and ICOS, 
but could promote the secretion of IL-10.  

PD-1, a member of the CD28 family, acts as a 
negative regulator of immune response preferentially in 
peripheral tissues through the interaction with PDL-1 or 
PDL-2. Part of a negative feedback loop after immune 
activation, PD-1 and PDL-1/2 plays a role in the 
maintenance of peripheral tolerance, leting down 

following immune activation and chronic infections. PD-
1 is expressed on lymphocytes, monocytes, natural killer 
[NK) cells, and dendritic cells due to a part of peripheral 
immune suppression[3]. Importantly, PD-1 is absent on 
resting or naïve T cells and is transiently upregulated 
during the activation process. This upregulation is 
analogous to the development of T cells in the thymus, 
with increased PD-1 which is required for positive and 
negative selection of immature T cells following TCR 
activation[4]. Upon activation T cells upregulate the 
transcription of PDCD1, the gene locus for PD-1. The 
transcriptional regulation of PD-1 is different from 
CTLA-4, which localizes to the plasma membrane 
quickly after TCR signaling[5]. PD-L1 is broadly 
expressed, and the protein is easy to be induced by many 
cytokines, particularly type 1 and type 2 interferons [6-9]. 

The first evidence of the antitumor activity of PD-1 
blockade was with the fully human monoclonal antibody 
nivolumab. It was first administered to a patient in 
October 2006 in a phase 1 single infusion dose-escalation 
trial. Then,  the anti–PD-1 antibody pembrolizumab 
entered clinical testing in April 2011. Antitumor activity 
of PD-1–pathway blockade has been observed in a subset 
of patients within a broad range of cancers, particularly in 
carcinogen-induced cancers or cancers driven by viral 
infections. There are the highest antitumor activities of 
single-agent PD-1–blockade therapy in Hodgkin’s 
lymphoma, with constitutive expression of PD-L1 
through a common amplification of the PD-L1–encoding 
locus together with PD-L2 and Janus kinase 2 (JAK2). 
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There are other two approvals of single agent anti–PD-1 
therapies in hepatocellular carcinoma, with its known 
relationship to hepatitis virus infection[10], and renal cell 
carcinoma[11], which has a low single-nucleotide 
mutational load but a higher frequency of indels than 
other common cancers, leading to increased 
immunogenicity[12]. The first anti–PD-L1 antibody 
approved was atezolizumab for urothelial cancers in 2016, 
followed by avelumab for Merkel cell carcinoma in 2017. 
Besides, pembrolizumab’s clinical development focused 
on patients with metastatic melanoma and NSCLC 
because of the encouraging clinical data from nivolumab, 
resulting in the largest phase 1 trial ever conducted in 
oncology, eventually enrolling 1235 patients[13, 14]. 
Now, there is a phase II trial to evaluate the efficacy and 
safety of SHR-1210 plus apatinib mesylate versus 
Pemetrexed and Carboplatin in Subjects with KRAS 
mutant stage IV non-squamous NSCLC.  

3 CTLA-4 

CTLA-4 was demonstrated to have a potent inhibitory 
role in regulating T cell responses by two groups, one led 
by James Allison and the other by Jeffrey Bluestone[15-
17]. 

CTLA-4 is a member of the CD28 family and is 
expressed exclusively by T lymphocytes. Upon T-cell 
activation, CTLA-4 within intracellular granules is 
translocated to the plasma membrane[18], which is fast 
and allows for CTLA-4-mediated regulation of the 
amplitude of T-cell responses by regulating T-cell 
activation and priming. CTLA-4 binds to CD80 or CD86 
costimulatory molecules and  acts as a competitive 
antagonist with CD28[19]. In addition, CTLA-4 interacts 
with protein tyrosine phosphatase 11 and 6 [also known 
as SHP-1/2) to dampen TCR signal[19]. CTLA-4 also 
plays a role in one arm of peripheral tolerance, an 
immunological process to prevent self-reactive immune 
responses, by dampening T effector cell function and 
increasing immunosuppressive Treg activity[20]. Unlike 
effector cells, Tregs express CTLA-4 constitutively and 
act as a major mechanism of suppression by Tregs[21]. 
CTLA-4 on Tregs can compete with CD28 on effector T 
cells for binding with CD80/86 on APCs, thus 
suppressing T-cell activation. The higher level of CTLA-
4 on Tregs also serves to preferentially deplete Tregs in 
tumors treated with anti-CTLA-4 therapies[22].  

At first, two fully human CTLA-4–blocking 
antibodies, ipilimumab and tremelimumab, entered 
clinical trials in patients with advanced cancer in 2000. 
Although these were relatively infrequent and 
accompanied by a set of mechanism-related toxicities 
resulting from tissue-specific inflammation, it became 
apparent that durable tumor regressions could occur 
quickly [23, 24]. The most apparent clinical activity of 
CTLA-4 blockade was in patients with advanced 
metastatic melanoma, with a 15% rate of objective 
radiographic response that has been durable in some 
patients for >10 years since stopping therapy. Additional 
CTLA-4–blocking antibodies have recently entered 
clinical trials (NCT02694822). Abatacept is a 

biologically engineered CTLA-4-mimetic which is 
approved as an intravenous (IV) infusion to treat adult 
psoriatic arthritis, adult rheumatoid arthritis, and juvenile 
idiopathic arthritis because abatacept mimics CTLA-4 
function. 

4 LAG-3 

In 1990, Frédéric Triebel first discovered LAG-3, a 
surface molecule highly homologous to CD4 in structure, 
but with less than 20% identity at the amino acid 
level[25]. LAG-3 binds to MHC class II molecules like 
CD4, but with a much higher affinity[26]. LAG-3 is 
expressed on activated CD4 and CD8 T cells, and on 
activated Tregs [27] and Tr1 cells[28, 29]. It is also 
expressed on a subset of NK cells [30], B cells[31] and 
plasmacytoid DCs [32]. LAG-3 is localized and degraded 
within the lysosomal compartments in resting T cells [33, 
34]. After stimulation, LAG-3 can be rapidly translocated 
to the cell surface where its expression is regulated by 
two TCR-induced metalloproteases (ADAM10 and 
ADAM17). LAG-3 cleavage from the cell surface by 
these metalloproteases allows for normal T-cell 
activation[35]. It finally turns out that LAG-3 is only 
transiently expressed at the surface of activated T cells 
which are stimulated in acute conditions, even if it 
remains high on T cells stimulated within tolerizing 
environments[26, 36]. 

However, the major ligand that mediates the immune 
suppressive functions of LAG-3 remains controversial. 
Initial studies by Baixeras et al [30] showed an 
interaction between MHC-II and LAG-3 via a cell-cell 
adhesion assay, which was further extended by studies 
indicating LAG-3 fusion protein binding to MHC-II+ B 
cell lines[37, 38]. But at the same time, there was a lack 
of direct evidence for the protein-protein interaction 
between LAG-3 and MHC-II. Recently, Wang et al found 
that fibrinogen-like protein 1 (FGL1), a liver-secreted 
protein, was a major LAG-3 functional ligand 
independent from MHC-II. When it is under normal 
physiological conditions, FGL1 protein is primarily 
secreted from hepatocytes and contributes to its 
mitogenic and metabolic functions [39-44]. FGL1 
inhibits antigen-specific T cell activation, and ablation of 
FGL1 in mice promotes T cell immunity. Blockade of the 
FGL1-LAG-3 interaction by monoclonal antibodies 
stimulating tumor immunity is therapeutically against 
established mouse tumors in a receptor-ligand inter-
dependent manner. Elevated FGL1 in the plasma of 
cancer patients is associated with a poor prognosis and 
resistance to anti-PD-1/B7-H1 therapy.  

Relatlimab, also known as bms-986016, is a 
monoclonal antibody targeting LAG-3. In the clinical 
phase 1/2a trial called ca224-020, relatlimab and the PD-
1 inhibitor Opdivo constitute a combination therapy to 
treat solid tumor patients, including melanoma patients 
who do not respond to or develop resistance to PD-1 / 
PDL-1 immunotherapy. Additionally, based on the latest 
result, tumor immune cells express LAG - around 3 for 
relatlimab and Opdivo combination therapy in patients 
with objective response rate (ORR) is 18%, the 
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expression of LAG-3 tumor immune cells around ORR of 
5% less than 1% of the patients the results confirm the 
LAG-3 is a valid target.[45]. 

5 Improvement of immune checkpoint 
therapies 

The remarkable effect of immune checkpoint therapies 
has been widely proved in terms of a range of tumor 
treatment. However, it is inevitable to lead to some 
undesirable effects, such as fatigue, diarrhea, rash and so 
on[7]. In order to gain a better effect and reduce pain, 
there have been some improved treatment options 
developed, most of which exert effect through 
combinations. Combination CTLA-4 and PD-1–blockade 
therapy had a slightly higher 3-year survival than patients 
initially receiving nivolumab alone (58% versus 52%), 
yet with higher frequency of toxicity [23, 27]. ICB is also 
being investigated in combination with a wide range of 
agents, bispecific T cell engager[26], hypomethylating 
agents[46], cytokine[47] and chimeric antigen receptor T 
(CAR-T)[21], and other traditional way especially 
radiotherapy and chemotherapy[48]. 

6 Conclusion 

So far, there have been many immune checkpoints 
discovered and utilized in cancer therapies. PD-1, PDL-1, 
CTLA-4 and LAG-3 are the most effective checkpoints. 
The mechanisms of former three seem to be clearer than 
the last one which is still under development. Building on 
recent success in this field is important, but continuing to 
incorporate the emerging knowledge from mechanistic 
basic-science studies is critical to achieve greater 
therapeutic success. On one hand, more and more 
efficient combined therapies, CTLA-4 and PD-1-
blockade, and ICB with cytokine, have been discovered 
and used to reduce side effects and increase the 
therapeutic effect. For another, the mechanism of LAG-3 
is still under investigation, indicating great potential 
within it. Therefore, it is expected that more ligands like 
LAG-3 would be discovered in the future, leading to 
broader scope of knowledge and more efficient 
treatments to help treat different types of cancer.  
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