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Abstract. – In recent years, the immunother-
apy of gastric cancer has made a breakthrough. 
With the emergence of immune checkpoint in-
hibitors, blocking the inhibitory molecules in 
the body can reactivate the immune system to 
resist tumors, which dramatically improves the 
survival rate of gastric cancer patients. Lym-
phocyte activation gene-3 (LAG-3), also known 
as CD223, is a kind of immune checkpoint re-
ceptor protein, mainly expressed in activated 
immune cells, and it has the functions of main-
taining internal environment stability and immu-
nological regulation and is closely related to the 
occurrence and development of tumor. There-
fore, LAG-3 can be used as a new target for tu-
mor immunotherapy. In this narrative review, 
the structure, immunological function, and re-
search progress of immune checkpoint LAG-3 
in gastric cancer is explored to provide a refer-
ence for further research and immunotherapy of 
gastric cancer.
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Introduction

According to the latest global cancer statistics, 
gastric cancer (GC) is one of the most malig-
nant cancers in human beings, with the highest 
morbidity and mortality among the world’s five 
malignant tumors1. East Asia has the highest inci-
dence of stomach cancer. According to the latest 
global cancer data released by the International 
Agency for Research on Cancer (IARC) of the 
World Health Organization (WHO), there were 
about 480,000 new cases of gastric cancer in Chi-
na in 2020, accounting for about 44% of the re-
cent cases of gastric cancer in the world2. In fact, 
gastric cancer is already the third most common 
malignancy in China3. Studies4 have reported a 
5-year survival rate of over 90% for early gastric 

cancer. However, most gastric cancer patients are 
already beyond the early stages when first diag-
nosed because the disease is stealth-onset and 
progresses rapidly. Even with perioperative and 
adjuvant chemotherapy or chemoradiotherapy, 
5-year disease survival in patients beyond stage 
II decreased significantly, from 61-63% in stage 
IIIa to 30%-35% in stage IIIc5.

With the progress of research on the patho-
logical features and molecular classification of 
GC, the treatment method has gradually changed 
from an extensive mode to a more accurate 
individualized treatment mode based on tradi-
tional chemotherapy. At present, a variety of new 
treatment methods such as targeted therapy and 
immunotherapy bring hope for improving the 
prognosis of patients, but it is far less optimis-
tic than one might expect6.The Cancer Genome 
Atlas (TCGA) proposes a new classification of 
four subtypes based on molecular classification, 
namely EBV-positive, microsatellite instability 
(MSI), genome stability and chromosomal in-
stability, emphasizing the role of PD-1 and its 
receptor PD-L1 in tumor immune evasion7. In 
subsequent studies, targeted therapy, as an im-
portant treatment method in the treatment of 
malignant tumors, has significantly improved the 
overall survival rate of patients8. In addition, 
immune checkpoint LAG-3 and LAG-3 are found 
in a stable internal environment and play an im-
portant role in immune regulation function and 
changes in cancer conditions It is expected to 
become the successor of programmed cell death 
1/programmed cell death 1 ligand, Pd-1 /PD-L1) 
and cytotoxic T lymphocyte-associated antigen-4 
(CTLA-4), followed by another novel antitumor 
target. This paper aims to summarize the struc-
ture, immunological function, and research prog-
ress of immune checkpoint LAG-3 in gastric 
cancer, expecting to further study LAG-3 and 
new ideas of immunotherapy for gastric cancer.
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The Structure of LAG-3 

The Genomic Location of LAG-3
In 1990, Triebel et al9 identified LAG-3 lym-

phocyte activating gene 3(LAG3, CD223) as an 
immunosuppressive checkpoint, located on hu-
man chromosome 12 (20P13.3) and on chro-
mosome 6 in mice, a screening of selectively 
expressed molecules isolated from F5 cells. It is 
described on the surface of lymphocytes, such as 
CD4+T cells, CD8+T cells, natural killer (NK) 
cells, natural killer T (NKT) cells, and regulatory 
T (Treg) cells and stored in lysosomes, which ap-
pear more rapidly when T cells are activated10-12.

Protein Structure of LAG-3
LAG-3 is a type I transmembrane protein, with 

a molecular weight of 70,000 and composed of 
489 amino acids, which is divided into a cyto-
plasmic region, extracellular region and trans-
membrane region13. It has structural homology 
with CD4. The extracellular domain consists of 
four immunoglobulin superfamily (Ig SF) do-
mains, namely, D1, D2, D3, and D4, consist-
ing of eight cysteine residues and four N-linked 
glycosylation sites. The transmembrane region 
is a long-linked peptide linked to D4, encoded 
by exon VII. The cytoplasmic region has three 
conserved domains: the first region is a serine 
phosphorylation site, the second region contains 
the unique KIEELE motif, which has been shown 
to be critical for the inhibitory function of LAG-
3 in effector CD4 + T cells, preventing T cells 
from entering the S-phase of the cell cycle and 
thus inhibiting T cell amplification14. The third is 
glutamate-proline (EP) duplication, which binds 
to the LAG-3 associated protein (LAP) and thus 
helps locate LAG-3. Although LAG-3 is struc-
turally similar to CD4, only about 20% of the 
aminoacid sequences in the two molecules are 
identical15. Similar to CD4, LAG-3 binds to the 
major histocompatibility complex II (MHC-II) on 
antigen-presenting cells (APC) but has a stronger 
affinity. In addition, Li et al16 conducted an in-
depth study and they found that after T cells were 
stimulated by antigen, the molecule LAG-3 on the 
membrane surface would break and split into two 
membrane-related fragments P54 and P16 on the 
membrane. P54 molecular weight of 54 kDa, con-
taining D1, D2, and D3 domains, was released in 
a soluble form, namely, soluble LAG-3(sLAG-3). 
P16 is a transmembrane intracellular part with 
a molecular weight of about 16 kDa. The es-
sence of the molecular rupture is the cleavage 

of the linking peptide between the D4 domain 
at the proximal end of the LAG-3 membrane 
and the transmembrane region, which is mediat-
ed by matrix metalloproteinases ADAM10 and 
ADAM1717. Therefore, the molecules of LAG-3 
generally exist in two forms in vivo: membrane 
LAG-3 (mLAG-3 or LAG-3) and sLAG-3. The 
two forms are not only very different in structure, 
but also have diametrically opposite immunolog-
ical functions.

Ligand of LAG-3
As the classical ligand of LAG-3, MHC-II has 

a higher affinity for MHC-II than FOR CD4, 
and inhibits T cell activation by interfering with 
THE binding of CD4 to MHC-II18. However, it 
has been confirmed that anti-LAG-3 antibodies 
without blocking MHC-II binding can still stim-
ulate T cell activation and antitumor activity. In 
view of these results, other ligands may exist in 
LAG-319. 

Hepatic sinusoidal endothelial cell lectin 
(LSECtin) is a member of the c-type lectin fam-
ily and is mainly expressed in the liver20. Xu et 
al21 adopted surface plasmon resonance (SPR) 
technology and cell staining method and found 
that LAG-3 inhibited the production of IFN-γ by 
anti-CD3 antibody in Lsectin-expressing melano-
ma cells. It was confirmed that LSECtin was one 
of the ligands of LAG-3. 

Galectin-3, a member of the galectin family, 
is a soluble galactose-binding lectin secreted by 
various types of tumor cells and tumor stromal 
cells22. Kouo et al23 used immunoprecipitation 
to find that galectin-3 interacts with LAG-3 and 
inhibits IFN-γ secretion by CD8 + T cells in vitro, 
proving that galectin-3 is also a ligand of LAG-3. 

α -synuclein fibrils (α -syn fibrils) is a protein 
aggregate found in the enormous brain substantia 
nigra in patients with tremor paralysis and is one 
of the members of the Synucleus egg white fami-
ly24,25. Mao et al26 research found that pathogenic 
α -Syn fibrils can be transmitted between cells 
by binding to LAG-3 and blocking the binding 
of the two LAG-3 antibodies can significantly 
reduce the toxicity of pathological α-Syn fibrils 
and their transmission between cells, suggesting 
that α-Syn fibrils are ligands of LAG-3.

Recently, Wang et al27 found that fibrin origi-
nal protein 1 (FGL1), a member of the fibrinogen 
family, is a potential ligand of LAG-3. FGL1 is 
secreted by hepatocytes in the liver under normal 
physiological conditions, and some tumor cells 
can also produce FGL1 at high levels. The inter-
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action sites of LAG3 and FGL1 are D1 and D2 of 
LAG3 and FD of FGL1. The interaction of LAG3 
and FGL1 may lead to changes in the tumor im-
mune microenvironment, such as reduced IL-2 
levels28. However, further studies are needed to 
clarify whether and how each of these potential 
ligands independently and or synergistically con-
tribute to the function of LAG-3.

Immunological Function of LAG-3

LAG-3 and T Cells
Activation of initial T cells requires the com-

bined stimulation of 2 different extracellular sig-
nals (dual signal activation hypothesis): the first 
signal comes from the antigen. The interaction 
and binding of HMC- antigen peptide complex on 
the surface of antigen presenting cells (APC) with 
T cell receptor (TCR) is introduced into cells by 
CD3. The second signal is the microbial product 
or the response molecule of innate immunity to 
the microorganism, i.e., the costimulatory mol-
ecule29. LAG-3 was expressed in T H1 cells, but 
not in T H2 cells. Il-12 had the most tremendous 
potential to stimulate the expression of LAG-330. 
LAG-3 negatively regulates T cell expansion and 
controls the memory T cell pool31. This negative 
regulatory function is associated with LAG-3: the 
binding of MHC-II molecules is inseparable and 
requires signal transduction through the cytoplas-
mic regional structure, especially the highly con-
served KIEELE sequence. LAG-3 binds MHC-II 
and conducts negative regulatory signals through 
the TCR-CD3 complex. Antibody cross-linking 
of human T cells has shown that LAG-3 binds 
to CD3 in the T cell receptor (TCR) complex, 
resulting in T cell proliferation and reduced cyto-
kine production32. This regulatory function is not 
competitive with CD4 molecules binding MHC 
class II molecules. Thus, LAG-3 is an indepen-
dent negative regulatory molecule33.

LAG -3 can regulate signal transduction in 
Treg and sensitivity to Treg suppression by limit-
ing STAT5 signal transduction, and LAG-3 signal 
transduction can also increase the differentiation 
of Foxp3+Treg. When LAG-3 is blocked, the 
induction of Foxp3+Treg is reduced, resulting 
in reduced inhibition and increased CD4+T cell 
amplification34 The LAG -3 expression makes it 
more susceptible to Treg-based inhibition and 
modulates Th1 cellular response. Huang et al35 
had proven that Treg cells based on LAG-3 de-
ficient mice inhibited the activation of effector 

T cells with low efficiency, demonstrating that 
LAG-3 may be directly involved in the selective 
up-regulation of Treg function and is necessary to 
induce the maximum inhibitory activity of Treg.

Regulation of LAG-3 On APC Cells
Dendritic cells (DCSS) include myeloid den-

dritic cells (mDC) and plasmoid dendritic cells 
(pDC), which have the ability of antigen presen-
tation and activate lymphocytes to participate 
in specific immune responses. PDC is highly 
expressed with LAG-336. LAG-3 expressed in 
Treg cells can bind to MHC class II molecules on 
APCS, especially dendritic cells (DCS), which 
inhibit THE maturation of DCSS through cyto-
plasmic signal transduction and induce the for-
mation of tolerance DCS. In turn, it regulates 
the activation and proliferation of T cells, which 
requires the involvement of immune receptor ty-
rosine activation motifs. Meanwhile, LAG-3 may 
synergistically enhance the inhibitory activity of 
Treg cells with other inhibitory molecules (PD-1, 
CTLA-4, etc.), leading to APC-induced immune 
tolerance37. Studies38 using human DCS: Treg 
co-culture showed that antibodies blocking LAG-
3 could block Treg-mediated DC inhibition.

LAG-3 and Natural Killer Cells
Lag-3 has been confirmed to be expressed in 

activated NK cells, but its direct effect and mech-
anism are still not fully understood. Sun et al39 
studied the interaction between cytokines and NK 
cells and found that IL-12 was the most effective 
inducer of LAG-3 and transforming growth fac-
tor-β was the most potent inhibitor of PD-1. At the 
same time, LAG-3 down-regulated the prolifera-
tion of NKT cells expressing NK and T cell recep-
tors. Soluble recombinant LAG-3-IG fusion white 
(IMP321) induced the production of cytokines 
(IFN-γ and, or TNF-α) in NK cells in healthy 
individuals (52 of 60 donors) and 21 patients with 
untreated metastatic cancer for a short time40. 
IMP321 can be used as monotherapy to induce 
NK cell activation in dose-escalation studies in pa-
tients with metastatic renal carcinoma41. Therefore, 
LAG-3 has the potential to activate NK cells, but 
the function and potential mechanism of LAG-3 on 
NK cells need to be further studied.

Research Progress of LAG-3 in 
Gastric Cancer

LAG-3 is a checkpoint molecule expressed by 
T lymphocytes (CD4+ and CD8+) and acts as a 
negative regulator of T cell function when interact-
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ing with its ligand42. The expression of LAG-3 on 
tumor-infiltrating lymphocytes or chronic virus-in-
fected T cells is associated with immune dysfunc-
tion and is characterized by T cell depletion43. T cell 
failure is characterized by a gradual loss of effector 
function, particularly the production of pro-inflam-
matory cytokines such as IL-2, tumor necrosis fac-
tor -α, and interferon -γ, as well as the continuous 
expression of the inhibitory receptor programmed 
cell death receptor-1 (PD-1), cytotoxic T lympho-
cyte-associated molecule-4 (CTLA-4), lympho-
cyte-activating gene-3 (LAG-3) and T cell immu-
noglobulin (TIM-3) that inhibit T cell activity44,45. 
LAG-3 has been expressed in Tumor-infiltrating 
lymphocyte (until) in various solid tumors, includ-
ing esophageal cancer, melanoma, lymphoma and 
hepatocellular carcinoma, and co-expressed with 
other immunosuppressive molecules46-48. Antitumor 
efficacy was decreased by inhibiting TIL activity. 
Scholars47 confirmed that the analysis of 34 gastric 
cancer specimens showed that 88% of the speci-
mens had LAG-3 positive immune infiltration. Re-
cent studies49 have shown that the higher proportion 
of LAG3+CD4+/CD4+T cells and LAG3+CD8+/
CD8+T cells in advanced gastric cancer, the better 
the prognosis is, and the higher LAG3 expression 
is associated with better prognosis. FGL1, a newly 
developed ligand of LAG-3, was found to be pos-
itively correlated with gastric cancer stage, lymph 
node metastasis and overall survival50. In addition, 
both MHC II and LSECtin are ligands of LAG3, 
and their expression indicates good survival of gas-
tric cancer. Li et al51 found in the study that sLAG3 
acts as a soluble form of LAG-3. sLAG3 positively 
regulates CD8+T cells, IL-12, and interferon -γ in 
the peripheral blood of gastric cancer patients, and 
the high expression of sLAG3 is associated with a 
better prognosis. In vivo experiments showed that 
SLAG3 inhibited tumor growth and promoted the 
secretion of CD8+T cells, IL-12 and interferon -γ. 
SLAG3 also prolonged the overall survival time and 
improved the survival rate of tumor-bearing mice. 
These results suggest that sLAG3 may be a potential 
treatment for GC associated with tumor immunity. 
However, more statistics are needed to provide 
some more reliable results, and more specific mech-
anisms by which sLAG3 affects the frequency of 
CD8+T cells in GC are yet to be discovered.

The current anti-PD-1 monoclonal antibody, na-
vurliumab, has been shown to be effective against 
advanced gastric cancer (AGC). Ohmura et al52 
used flow cytometry to systematically analyze the 
proportion of peripheral immune cell subsets and 
serum cytokine concentrations in 30 AGC patients 

treated with navurliumab before the first and sec-
ond treatment and during disease progression. The 
expression level of LAG-3 on T cells was closely 
related to the efficacy of navurliumab treatment. 
Mimura et al53 tested 365 gastric cancer samples 
by immunohistochemical method and found that 
LAG-3 could be used as a potential biomarker for 
anti-PD-1 treatment. Cen et al54 using gene expres-
sion profiles in TCGA and GEO datasets, found 
that high expression of HER2 was significantly 
associated with low expression at multiple immune 
checkpoints, including LAG-3, in the TCGA data-
set, and similar results were found in the GSE84437 
dataset. Furthermore, the actual situation of tumor 
tissues was further studied. Immunohistochemis-
try was performed on the samples of gastric cancer 
patients. It was also found that the expression level 
of LAG-3 in gastric cancer tissues with high HER2 
expression was significantly lower than that in the 
group with low HER2 expression.

However, Lv et al55 found that LAG-3 expression 
is a poor prognostic factor in EBV-positive gastric 
cancer, which may be related to the immune es-
cape environment characterized by the reduction 
of interferon -γ+ cells and perforin -1+ cells and 
the increase of Tregs and M2 macrophages. Thus, 
we found that the expression of LAG-3 has dif-
ferent biological significance in various types of 
gastric cancer. The Cancer Genome Atlas Project 
has identified four major genomic subtypes found 
in GC adenocarcinoma: Epstein-barr virus (EBV) 
positive microsatellite instability (MSI), genomic 
stability and chromosomal instability56,57. Further 
clarifies the biological significance of LAG-3 in 
different types of gastric cancer, which is condu-
cive to better elucidate the role of LAG-3 in the 
occurrence and development of gastric cancer.

Currently, researchers consider LAG-3 as an 
emerging immune checkpoint and a very prom-
ising therapeutic target, and multiple approaches 
involving LAG-3 targeted immunotherapy are in 
clinical trials58. The first is IMP321, a soluble 
LAG-3IG fusion protein, which has shown mod-
erate success in clinical trials59 in renal cell car-
cinoma, metastatic breast cancer, and melanoma, 
where IMP321 was found to enhance DCs prolifer-
ation and reduce the immunosuppressive effect of 
Tregs. The second type is antagonistic LAG-3 an-
tibodies, such as BMS-986016, TSR-033, LAG525 
and REGN3767, which have the ability to release 
the anti-tumor immune response. Numerous clin-
ical trials60 are underway to evaluate the efficacy 
of LAG-3 antibody monotherapy or in combina-
tion with PD-1 antibody. The third category is 
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first-class bispecific proteins that bind PD-1 and 
LAG-3, such as MGD013 and FS118, which are 
currently undergoing phase I clinical trials61. Phase 
I/II clinical trials are currently being recruited us-
ing anti-LAG-3 monotherapy in combination with 
anti-LAG-3 and anti-PD-1 in solid tumors such as 
gastric cancer. Phase II clinical trials of LAG525 
in combination with PDR001 in gastric cancer 
and other solid tumors are also ongoing62. Up to 
now, clinical trials of immunotherapy of immune 
checkpoint LAG-3 in gastric cancer and common 
gastrointestinal tumors are shown in Table I. 

Conclusions

Currently, gastric cancer has become the most 
common malignant tumor with the highest mor-
bidity and mortality in the world. Most gastric 
cancers are already in the advanced stage when di-
agnosed. Although perioperative adjuvant chemo-

therapy was performed, its survival is still not sat-
isfactory. With the advent of immune checkpoint 
inhibitors, immunotherapy has become one of the 
breakthroughs in the treatment of gastric cancer in 
recent years and has become an effective treatment 
after surgery, chemotherapy, and radiotherapy. As 
checkpoint immunotherapy targeting inhibitory 
co-receptors PD-1 and CTLA-4 has revolution-
ized gastric cancer therapy, LAG-3 is expected to 
become a very promising target for gastric cancer 
therapy. However, our understanding of LAG-3 
in gastric cancer is still very limited, and many 
fundamental questions remain unanswered. The 
signal transduction mechanism of LAG-3 in gas-
tric cancer is still unclear, and its ligand and signal 
transduction mechanism, as well as the unknown 
association between ligands, are also puzzling. 
Therefore, solving these critical problems is help-
ful in optimizing the targeted treatment strategy of 
LAG-3 and further improve the targeted treatment 
effect of LAG-3 in gastric cancer.

Table I. Clinical trials of lag-3 immunotherapy in gastric cancer and common gastrointestinal tumors (Available at: https://
www.ClinicalTrials.gov).

   Clinical Clinical trial 
 Drug name Drug form approval date registration number Clinical disease

IMP321 Synthetic protein 2009-02 NCT00732082 Pancreas cancer
Sym022 Monoclonal antibody 2018-05 NCT03489369 Metastatic cancer; solid tumor; 
RO7247669 Bispecific antibody 2019-11 NCT04140500 Esophageal squamous cell 
    carcinoma
BMS-986213 Monoclonal antibody 2018-10 NCT03662659 Gastric cancer; cancer of the
    stomach; esophagogastric
    junction
LAG525 Monoclonal antibody 2018-01  NCT03365791 Gastric adenocarcinoma;
    esophageal adenocarcinoma; 
GSK2831781 Monoclonal antibody 2019-05 NCT03893565 Colitis; ulcerative 
RO7121661
RO7247669 Bispecific antibody 2021-06 NCT04785820 Advanced or metastatic 
    esophageal squamous cell 
    carcinoma 

Relatlimab  Monoclonal antibody 2019-02 NCT03642067 Microsatellite stable (mss) 
    colorectal adenocarcinomas; 
    colorectal adenocarcinoma 
Relatlimab  Monoclonal antibody 2021-05 NCT04658147 Hepatocellular carcinoma 
XmAb®22841 Monoclonal bispecific 2019-05 NCT03849469 Pancreatic carcinoma; 
 antibody   hepatocellular carcinoma;
    gastric or gastroesophageal 
    Junction adenocarcinoma;
    advanced or metastatic solid
    Tumors; intrahepatic
    cholangiocarcinoma; 
    squamous cell anal cancer
    colorectal carcinoma; 
INCAGN02385 IgG1-Fc 2018-09 NCT03538028 Gastric cancer
MGD013 Bispecific antibody 2020-02 NCT04178460 Gastric cancer
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