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Abstract: To increase the effectiveness of anticancer therapy based on immune checkpoint (IC) in-
hibition, some ICs are being investigated in addition to those used in clinic. We reviewed data
on the relationship between PD-L1, B7-H3, B7-H4, IDO1, Galectin-3 and -9, CEACAM]1, CD155,
Siglec-15 and ADAM17 expression with cancer development in complex with the results of clin-
ical trials on their inhibition. Increased expression of the most studied ICs—PD-L1, B7-H3, and
B7-H4—is associated with poor survival; their inhibition is clinically significant. Expression of
IDO1, CD155, and ADAM17 is also associated with poor survival, including gastric cancer (GC).
The available data indicate that CD155 and ADAMI17 are promising targets for immune therapy:.
However, the clinical trials of anti-IDO1 antibodies have been unsatisfactory. Expression of Galectin-3
and -9, CEACAM]1 and Siglec-15 demonstrates a contradictory relationship with patient survival.
The lack of satisfactory results of these IC inhibitor clinical trials additionally indicates the complex
nature of their functioning. In conclusion, in many cases it is important to analyze the expression of
other participants of the immune response besides target IC. The PD-L1, B7-H3, B7-H4, IDO1 and
ADAM17 may be considered as candidates for prognosis markers for GC patient survival.

Keywords: immune checkpoint; expression; survival; therapy; target; immune response; biomarkers

1. Introduction

Recently, therapy based on inhibition of immune checkpoints (ICs) has become
the most promising approach in oncology. In practice, antibodies to PD-1/PD-L1 are
mainly used as immune checkpoint inhibitors (ICIs). Despite the mostly good results of
ICI therapy, a small proportion of patients responding to treatment remain a problem.
In this regard, inhibition of an additional IC, such as CTLA-4, is used; other ICIs are being
investigated. An increased level of PD-L1 expression in a tumor is generally recognized as
the most important predictor of the response to IC inhibition [1,2]. The expression of ICs in
a tumor can also be considered as associated with tumor progression, because the immune
response and, accordingly, the possibility of tumor development, may depend on its level.
Therefore, the level of ICs expression in a tumor can also serve as a prognostic marker.
Of particular interest is the question of the possible relationship between the IC expression
as a prognostic marker with the possibility of assessing the therapeutic efficacy of the
studied IC inhibition. The present work is a based on the literature analysis attempt to
answer these questions. Although there are some reviews on ICs and their expression [3-6],
the topic has not been considered in such context.

Gastric cancer (GC) is one of the most common malignancies, ranking 5th in the
world in morbidity and 2nd in mortality [7]. A big problem is the late diagnosis of GC
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and resistance to chemotherapy, as a result of which the 5-year survival rate is around
20% [8]. Thus, there is a need to develop more effective approaches to the GC treatment,
one of which may be personalized immunotherapy based on IC inhibition and predicting
its effectiveness using IC expression.

This review examines the prognostic value and association of expression with cancer
clinical characteristics, as well as the response to the inhibition of a number of ICs ex-
pressed in solid tumor: B7-H1 (PD-L1, CD274), B7-H3 (CD276), B7-H4 (VTCN1), Galectin-3,
Galectin-9, IDO1, CEACAM]1 (CD66a), CD155 (PVR), Siglec-15 and cell surface protease
ADAM17 (CD156b, TACE), which, although not an IC, is important in modulating the
immune response and progression of tumors.

2. Immune Checkpoint Expression in Connection with Clinical Features and the
Therapeutic Efficacy of Their Inhibition

The analyzed IC ligands, expressed in tumors, and their receptors on T-cells are
presented on Figure 1 and, in more details, in Table 1.
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Figure 1. The ligands of immune checkpoint (left) and their receptors. (?) — putative receptor.

Table 1. Immune checkpoint names and their receptors or substrates.

Molecule Alternative Name Receptor/Substrate
B7-H1 CD274/PD-L1/PDCD1L1 PD-1
B7-H3 CD276/B7RP-2 TLT-2 (?)
B7-H4 VTCN1/B751/B7x BTLA (?)
Galectin-3 MAC-2 LAG3/LGALS3BP
Galectin-9 Ecalectin Tim-3/PD-1/CD44
IDO1 INDO * Tryptophan
CEACAM1 CD66a/BGP Tim-3
CD155 PVR/Necl-5 TIGIT/CD9%/CD226
Siglec-15 CD33L3/HsT1361 CD44/Sialyl-Tn

* Pro-TNF-a/Pro-TGF-
a/Notch1/Pro-Amphiregulin/Pro-HB-
EGEF /Pro-epiregulin/Neuregulin 1/IL6

Receptor/etc.

ADAM17 CD156b/TACE

Footnotes: (?)—putative receptor; *—substrate.

2.1. PD-L1 (B7-H1)

Programmed death 1 (PD-1) is a checkpoint protein and a member of the CD28
family. PD-1 is an important immunosuppressive molecule whose biological function
is to maintain the T-cell response within the physiological range. PD-1 regulates T-cell
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activation by interacting with its ligands, programmed death ligand-1 (PD-L1, B7-H1,
CD274) and programmed cell death 1 ligand 2 (PD-L2, B7-DC, CD273). The PD-1 is
encoded by PDCD1 gene with five exons, while the PD-L1 is encoded by CD274 gene
with seven exons [3]. Interaction of PD-1 with its ligands leads to an inhibitory effect on
the activation of T-lymphocytes, an increase in the number of Foxp3+ T-regulatory cells
and inducing of apoptosis of CD8+ cytotoxic T-lymphocytes, which allows the tumor to
“escape” the immune response [9]. This interaction inhibits CD4+/CD8+ tumor-infiltrating
T-lymphocytes (CD4+/CD8+ TILs), which results in a decrease in cytokines, such as
Interleucin-2 (IL-2), interferon gamma (IFN-y) and tumor necrosis factor (TNF). PD-L1 on
the surface of tumor cells can be enhanced by IFN-y produced by activated T-cells [10]. PD-
L1 expression is upregulated through signaling pathways, including PI3K/Akt/mTOR and
PD-L1-mediated immunoresistance could be suppressed by PI3K kinase pathway inhibitors.
ERK/P38 MAPK pathway in tumor cells may be upregulated by overexpression of PD-L1.
Activation of the Hedgehog pathway in GC leads to increased PD-L1 expression and
immunotherapy resistance. Improvement of treatment in GC patients through combination
drug therapy with inhibition of ICs and Hedgehog pathway is proposed as possible [3].
PD-L1 is expressed on the surface of T-, B-lymphocytes, macrophages, dendritic cells (DCs),
and bone marrow mast cells [11]. Expression of PD-L1 in tumor cells is observed in many
types of malignant tumors, such as melanoma, kidney, lung, ovarian, colon, stomach,
esophagus, breast, bladder, cervix, head and neck, liver, and others [2,12]. Thus, in GC and
gastro-esophageal junction cancer, PD-L1 is expressed in about 30% of cases, but is not
expressed in normal gastric tissue [13].

Expression of PD-L1 as a prognostic marker is widely studied; in most studies, PD-L1
expression is considered as a marker of poor prognosis in various types of malignant
tumors. Wu et al. was found that PD-L1 overexpression is associated with the worst 3-year
(OR = 2.43, 95% CI = 1.60-3.70, p < 0.0001) and 5-year (OR = 2.23, 95% CI = 1.40-3.55,
p = 0.0008) overall survival (OS) in many types of solid tumors [14]. Similarly, a meta-
analysis by Xiang et al. showed that 1-year (RR = 2.02, 95% CI = 1.56-2.60, p = 0.039),
3-year (RR = 1.57,95% CI = 1.34-1.83, p < 0.001) and 5-year (RR = 1.43, 95% CI = 1.24-1.64,
p < 0.001) OS of patients with solid tumors expressing PD-L1 is significantly lower com-
pared to patients with PD-L1-negative tumors [15].

In malignant tumors of the digestive system, PD-L1 expression was a marker of
poor prognosis (HR = 1.44, 95% CI = 1.18-1.76, p < 0.001), including GC (HR = 1.43,
95% CI =1.05-1.94, p = 0.021) and pancreatic cancer (HR = 2.64, 95% CI = 1.78-3.93,
p <0.001) [16].

Several meta-analyses of the PD-L1 expression predictive value in GC have shown
that PD-L1 expression is associated with a poor survival rate [17-21].

At the same time, it should be noted that there are some data on a good prognosis of
PD-L1 expression in GC [13,22], as well as the absence of a relationship between PD-L1
expression and prognosis [23]. The reasons for these contradictory results have to be
clarified in the future. However, it should be noted that in most studies, PD-L1 expression
level is measured by IHC, using reagents from different manufacturers, with different
cut-offs, as well as on samples of patients from different countries.

Measurement of PD-L1 expression level in malignant tumors can be carried out not
only in the tumor material, but also in the blood in order to determine its soluble form
(sPD-L1). Thus, in a meta-analysis by Huang et al., high serum sPD-L1 level measured
by ELISA was associated with poor OS (HR = 1.85, 95% CI = 1.59-2.15) in 17 tumor types,
both solid and non-solid [24]. In GC, high serum sPD-L1 level was a prognostic factor of
poor OS [25]. In addition to blood serum, PD-L1 expression level is measured in peripheral
blood cells by qRT-PCR or flow cytometry. In a study from Ito et al., high PD-L1 mRNA
was an independent prognostic factor of poor OS [26].

Some meta-analyses have revealed an association of PD-L1 expression not only with
OS, but also with other clinical characteristics. For example, in a meta-analysis from Gu
et al., an association of PD-L1 expression in GC with such clinical characteristics as the
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depth of tumor invasion (p = 0.03), lymph node metastasis (p = 0.03), venous invasion
(p = 0.0003), Epstein-Barr virus (EBV) infection (p < 0.0001), microsatellite instability (MSI)
(p = 0.0001) was found [18]. In another meta-analysis, PD-L1 expression in GC was
associated with lymph node metastasis (OR = 1.73, 95% CI = 1.18-2.54, p < 0.001) [17].
In the study of Zhang et al. there was an association of PD-L1 expression with tumor
size and lymph node metastasis [19]. The clinical characteristics associated with increased
expression of PD-L1 also indicate a poor prognosis for the development of GC.

PD-L1 expression is also associated with a better prognosis for therapy by PD-1
inhibitor. A meta-analysis of publications on the use of PD-1 inhibitors in metastatic GC
showed that ICIs significantly improved OS in patients with PD-L1-positive tumors [27].

The complex of considered results demonstrates the correlation of poor prognosis
due to increased expression of PD-L1 and the effectiveness of ICI therapy, which blocks its
interaction with the receptor.

2.2. B7-H3 (CD276)

B7-H3 (CD276) is a transmembrane glycoprotein, a member of the B7 immunoregula-
tory family. The role of CD276 in the regulation of the immune response initially looked
controversial. CD276 was originally described as a co-stimulatory molecule involved in
the proliferation of both CD4+ and CD8+ T-cells, enhancing the induction of cytotoxic
T-cells [28]. The CD276 gene is located on chromosome 15. Extracellular domain of CD276
contains two similar pairs of the immunoglobulin V (IgV) and IgC domains due to exon
duplication [3]. Hashiguchi et al. reported that binding of CD276 to its receptor TLT-2 in-
creased T-cell proliferation, cytokine production and cytotoxicity, and the use of antibodies
against CD276 and TLT-2 significantly suppressed T-cell activation [29].

At the same time, more data are emerging on the inhibitory properties of CD276.
The proliferation of both CD4+ and CD8+ T-cells could be inhibited by CD276 [30]. CD276
inhibited the proliferation of both CD4+ and CD8+ T-cells and reduced the production of
IL-2 and IFN-y, possibly through suppression of NF-kB-, NFAT-, AP-1-mediated signaling
pathways. Blocking CD276 binding with antagonistic antibodies significantly increased
T-cell proliferation and IL-2 levels [30,31].

Decreased expression of CD276 results in decreased expression of proteins associated
with metastasis, such as MMP-2, STAT3, and IL-8 [32]. It has also been shown that CD276
expression promotes migration and invasion of tumor cells [33,34].

In GC with a high expression of CD276, a reduced density of CD8+ T-cells was
observed in the center of the tumor, which suggests the involvement of CD276 in the
mechanisms of tumor escape from the immune response [35].

Li et al. reported that CD276 could increase the radioresistance of GC cells by modu-
lating apoptosis, cell cycle progression, and double-stranded DNA breaks. It was found
that overexpression of CD276 suppresses autophagy in gastric tissue and cells [36].

Increased expression of CD276 has been observed in activated B-cells, T-cells, NK-cells,
malignant tumors of the colon, ovary, prostate, pancreas, kidney, squamous cell carcinoma,
non-small cell lung cancer, and GC, but is not expressed, or is expressed at a low level,
in most normal cells [37,38]. This makes it possible to consider CD276 as a promising target
for immunotherapy.

There is a lot of evidence of the association of CD276 expression with poor progno-
sis. In two meta-analyses, increased expression of CD276 in many types of malignant
tumors was associated with poor OS (HR =2.09, 95% CI = 1.60-2.74, p < 0.001; HR = 1.58,
95% CI = 1.32-1.90, p < 0.00001, respectively) [37,39]. Increased expression of CD276 in GC
is usually associated with poor survival [40,41].

The results of meta-analyses indicate a relationship between increased expression
of CD276 with poor survival in patients with GC and other types of malignant tumors.
However, there are also some data on better OS with increased expression of CD276 in
patients with GC [42] and on the absence of association of expression with prognosis [35].
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In GC, the expression of CD276 is also associated with other clinical characteristics.
Zhan et al. reported that CD276 expression significantly correlated with stage, depth
of tumor infiltration, and lymph node involvement [40]. In Li et al., the level of CD276
expression was positively correlated with the depth of tumor infiltration (p = 0.005) [34].

That is, clinical characteristics with increased CD276 expression also indicate a poor
prognosis in patients with GC. An anti-CD276 monoclonal antibody (mAb) was devel-
oped for cancer therapy [43], which, under the name Enoblituzumab, is undergoing phase
1-2 clinical trials [44—46], that demonstrate the antitumor activity of the drug and an ac-
ceptable safety profile [47,48].

Consequently, in the process of research, the understanding of the relationship of
increased expression of CD276 with a poor prognosis in different types of tumors, including
GC, was achieved and the prospects of its use as a target for ICI have been strengthened.

2.3. B7-H4 (VTCN1)

B7 homolog 4 (B7-H4), also known as VICN1, is a co-inhibitory IC ligand from the B7
family that negatively modulates CD4+ and CD8+ T-cell activity and innate immunity [49].
B7-H4 is a type I transmembrane protein containing 282 amino acid residues, which has
been classified as containing an amino-terminal extracellular domain, a large hydrophobic
transmembrane domain and an intracellular domain with only 2 amino acids. Like other
members of the B7 family, B7-H4 has a pair of Ig-like regions in the extracellular domain [50].
The B7-H4 gene is mapped on chromosome 1p13.1, consists of six exons, of which exon 6 is
involved in alternative splicing with the generation of two different transcripts. Human
pseudogene B7-H4 is located on chromosome 20p11.1 [51]. The B7-H4 receptor is currently
not proven; although it is indirectly assumed to be a B and T lymphocyte attenuator
(BTLA) [52]. The interaction of B7-H4 and its receptor on T-cells leads to a decrease in the
proliferation of both CD4+ and CD8+ T-cells [53].

B7-H4 mRNA is widely expressed in a variety of tissues, but in normal tissue protein
expression is limited, suggesting post-transcriptional regulation [54]. Expression of B7-H4
may be induced on T-cells, B-cells, monocytes, and DCs after stimulation with LPS, PHA,
IFN-y, PMA, or ionomycin [55].

B7-H4 is overexpressed in a wide range of malignancies, including cancers of the
stomach, kidneys, ovaries, lungs, uterus, breast, prostate, and skin [56]. B7-H4 overex-
pression activates NF-«kB signaling and upregulates the epithelial-mesenchymal transition
(EMT) inducers Twistl and Snail; in addition, it promotes EMT by decreased E-cadherin
and increased vimentin expression [57]. B7-H4 expression on the nuclear membrane is sig-
nificantly associated with the Ki-67 index, which suggests a greater proliferative potential
of tumors with B7-H4 expression [58].

B7-H4 significantly reduces the number of T-cells in the S phase and increases the
number of cells in the G0/G1 phase, as well as arrests cell cycle progression of T-cells in
the G0/G1 phase [55].

B7-H4+ neutrophils positively correlated with increased GM-CSF detection. GC
tumor-derived GM-CSF activated neutrophils and induced neutrophil B7-H4 expression
via JAK/STAT3 signaling pathway activation. Additionally, higher intratumoral B7-H4+
neutrophil percentage/number was found in GC patients with advanced TNM stage and
reduced OS following surgery [59].

B7-H4 expression in many types of solid tumors is associated with OS and clinical
and pathological characteristics, including high tumor stage and grade, lymph node
metastasis, early recurrence, and negatively correlated with the density of tumor-infiltrating
T-lymphocytes [54].

In a meta-analysis by Song et al., it was shown that increased B7-H4 expression is
associated with worse OS in solid tumors (HR = 1.79, 95% CI = 1.56-2.06, p < 0.001) [60].
A meta-analysis by Cui et al. also showed an association of increased B7-H4 expression
with a poor GC prognosis [61]. Expression of B7-H4 in GC was measured in tumor tissue
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both by IHC and RT-PCR [62-65], in peripheral blood by RT-PCR [66], and in serum by
ELISA [67].

The association of B7-H4 expression with such clinical and pathological character-
istics as the TNM stage, the depth of invasion, and metastasis to the lymph nodes was
also reported [62-64,66,67]. In addition, there was a positive correlation between B7-H4
expression and the number of Foxp3+ Tregs in the tumor [64], but an inverse correlation
with the number of TILs [63].

Consequently, among patients with GC and other solid tumors increased B7-H4
expression in tissue, blood, and serum, studied by different methods, including IHC, RT-
PCR, and ELISA, was associated with a poor prognosis. Inhibition of B7-H4 by mAb FPA150
in clinical study NCT03514121 demonstrated acceptable safety despite B7-H4 expression in
many tissues, and some therapeutic effect among B7-H4 expressing tumors [68], indicating
that this IC is promising as a therapeutic target.

2.4. Galectin-3

Galectin-3 (Gal-3) is a member of the galectin family that is widespread in mammalian
tissues and is determined by its carbohydrate recognition domains (CRDs) with a specific
binding affinity for 3-galactosides. Gal-3 is the only chimeric type galectin; it contains one
CRD that is connected to an extended non-lectin N-terminal domain [69]. In humans, Gal-3
is a 35 kDa protein encoded by the LGALS3 gene located on chromosome 14 [70]. Gal-3 is
expressed in both intracellular and extracellular spaces, such as the cell surface or extracel-
lular matrix (ECM), and its localization depends on tissue, cell type, cell proliferative state,
and differentiation level [71].

The different location of the Gal-3 contributes to its different functions. In the cy-
toplasm, Gal-3 is important for cell survival due to its interactions with certain proteins
associated with survival, including B-cell lymphoma-2 (Bcl-2) and activated guanosine-5'-
triphosphate (GTP)-bound K-Ras. In the nucleus, Gal-3 promotes pre-mRNA splicing and
regulates gene transcription, while extracellular Gal-3 modulates intercellular interactions,
including between epithelial cells and the ECM. Gal-3 is widely expressed in human tis-
sues and in all types of immune cells (macrophages, monocytes, DCs, eosinophils, mast
cells, NK-cells, and activated T- and B-cells), epithelial cells, endothelial cells, and sensory
neurons [72]. Altered expression and localization of Gal-3 are involved in the regulation
of cancer cell growth, transformation, apoptosis, immunosuppression, angiogenesis, ad-
hesion, invasion, and metastasis [73]. Decreased Gal-3 expression leads to a decrease in
adhesion between tumor cells and facilitates the invasion of cancer cells [74].

One of the Gal-3 receptors is LAG-3 (CD223), an inhibitory receptor that negatively
regulates proliferation, activation, and homeostasis of both CD8+ and CD4+ T-cells. Gal-
3 affects the antitumor immune response by suppressing activated antigen-committed
CD8+ T-cells through the expression of LAG-3 in the tumor microenvironment (TME)
and inhibiting the growth of plasmacytoid DCs [75].

Extracellular Gal-3 regulates various T-cell functions, including TCR signaling,
IL-5 production, migration, adhesion, and apoptosis. Extracellular Gal-3 induces T-cell
apoptosis, while intracellular Gal-3 inhibits it [76]. Pentameric Gal-3 forms lattices with cell
surface glycans, such as TCR, EGFR and TGF-{ [69]. Complex lattices have been identified
that assemble between galectins and various receptors to facilitate T-cell death or inhibit its
function. Additionally, it was shown that Gal-3 sequesters IFN-y in the ECM of the tumor,
decreasing the infiltration of T-cells [77].

In the nucleus, Gal-3 plays a key role in the regulation of expression of associated
with tumor progression genes, such as cyclin D1, TTE-1 and MUC2 [78]. Gal-3 overex-
pression enhances the activation of K-Ras, the most important Ras oncoprotein in human
tumors [79].

The expression of Gal-3 differs depending on the type of malignant tumor. For example,
in basal cell and squamous cell carcinomas, reduced expression of Gal-3, while in melanoma,
increased expression was observed [80]. There is evidence of an association of Gal-3 ex-
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pression with prognosis. Thus, in the Wang et al. meta-analysis, increased Gal-3 expression
was associated with decreased OS or DFS/RFS/PFS in many types of solid tumors [81].
The association of increased Gal-3 expression with a poor prognosis was shown by meta-
analyses for malignant tumors of the digestive system, such as colorectal cancer [82]
and hepatic cancer [83].

However, in GC, the opposite situation was observed: in the meta-analysis by
Long et al., decreased Gal-3 expression was associated with a poor prognosis [84].
The association of Gal-3 expression with the other clinical characteristics of GC is also being
investigated. Okada et al. reported that reduced Gal-3 expression was correlated with
lymph node metastasis, lymphatic invasion and TNM stage [71]. Moreover, increased Gal-3
expression was related to less advanced depth of invasion, the absence of lymph node
metastasis, and distant metastasis, low TNM stage and the absence of lymphovascular
invasion [85]. In another work, the opposite result was obtained: GC with lymph node
metastasis showed an increased Gal-3 mRNA expression level in tumor tissues compared
to those without lymph node metastasis [86]. There was a significant correlation between
the degree of Gal-3 expression and tumor progression as classified by TNM staging [87].
In addition, high Gal-3 serum level was associated with lymph node metastasis and distant
metastasis [88].

As can be seen from the results of cited studies, the data on the relationship of
Gal-3 expression with clinical characteristics, including patient survival, are significantly
contradictory. It can be assumed that this phenomenon is conditioned by the strong
dependence of the research result on the set of specific characteristics of the samples due to
the complex action of Gal-3 described above. Apparently, these properties are due to the
failure of several clinical studies using an anti-Gal-3 antibody (GM-CT-01) for antitumor
therapy [89].

2.5. Galectin-9

Galectin-9 (Gal-9) is also a member of the galectin family. Gal-9 belongs to tandem-
repeat-type galectins and consists of two different CRDs in one polypeptide chain, sepa-
rated by a linker sequence [69]. In human, Gal-9 is encoded by the LGALS9 gene located
on the long arm of chromosome 17 at locus 11.2 (17q11.2) [90].

Gal-9 activates signaling cascades necessary for the stimulation of innate immunity,
promotes the maturation of DCs and attracts neutrophils and eosinophils to the infection
site. Gal-9 interacts with cell surface receptors to elicit transient signals leading to the
production of pro-inflammatory chemokines and cytokines by activated T-cells. Intra-
and extracellular changes in concentration of Gal-9, receptors available for binding and
distortion of neighboring cells signals lead to physiological changes.

Gal-9 is a ligand for Tim-3, an exhaustion marker expressed by activated T-cells.
The interaction of Gal-9 with Tim-3 induces apoptosis of peripheral T-cells ex vivo via
the calcium-calpain-caspase-1 pathway [91]. Moreover, most Tim-3+ T-cells of the tumor
co-express PD-1, whose ligand may also be Gal-9. By binding to Gal-9, PD-1 promotes the
retention of PD-1+ Tim-3+ T-cells and attenuates Gal-9/Tim-3-induced cell death [92].

Gal-9 is widely expressed in tissues of the immune system, such as the spleen and
thymus, in several types of immune cells, including T-cells, B-cells, macrophages and
mast cells, as well as in tissues of endodermal origin, such as liver, intestine, stomach and
lungs [90,93]. Gal-9 expression is significantly altered in most malignant tumors [92], Gal-9
is overexpressed in GC tumor cells [94].

In recent years, more and more attention has been paid to the prognostic value of
Gal-9 expression in various types of tumors [95-97].

A meta-analysis by Zhou et al. investigating the predictive value of Gal-9 expres-
sion in solid tumors found improved OS with increased Gal-9 expression (HR = 0.70,
95% CI = 0.51-0.71, p = 0.006) [98]. In another meta-analysis, increased Gal-9 expres-
sion was also an indicator of better tumor-specific survival in solid tumors (HR = 0.48,
95% CI = 0.39-0.58, p < 0.001) [99]. The predictive value of increased Gal-9 expression in
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GC, on some data, is likely associated with a good prognosis. In Jiang et al. and Choi et al.,
increased Gal-9 expression was associated with better OS [100,101]. However, Wang et al.
reported that OS was poor (p = 0.0028) in patients with increased expression of Gal-9 in
the tumor [94]. A similar result was obtained when analyzing the data presented in The
Cancer Genome Atlas (TCGA) and the Cancer Cell Line Encyclopedia (CCLE) in many
tumor types, including GC [92].

An association of Gal-9 expression with different clinical characteristics has been
investigated. Gal-9 suppresses metastasis by inhibiting several steps required for tumor
metastasis: detachment from tumors, invasion of the ECM, and attachment to the vascular
endothelium [101]. In solid tumors, increased expression of Gal-9 significantly correlated
with a lower depth of invasion (OR = 2.80, 95% CI = 1.97-3.96, p < 0.001), an earlier
histopathological stage (OR = 3.00, 95% CI = 2.04—4.42, p < 0.001), the absence of lymph
node metastasis (OR = 0.47, 95% CI = 0.25-0.89, p = 0.020) and the absence of distant
metastasis (OR = 13.85, 95% CI = 3.50-54.76, p < 0.001) [98]. In GC, decreased expression
of Gal-9 was associated with a greater depth of invasion, lymph node metastasis, distant
metastasis, and poor TNM stage [100,101].

As we can see, the results for Gal-9 are also far from unambiguous. In this regard,
the complex consequences of changes in its expression should be noted. The interaction
of Gal-9 with its receptor Tim-3 induces T-cell apoptosis. At the same time, Gal-9 also
interacts with PD-1, which inhibits apoptosis. The resulting effect may depend on the
ratio of these three components. In addition, inhibition of Gal-9 leads to the accumulation
of Treg cells in the TME, which reduces the antitumor immune response [92]. Such a
complex system of interactions and their consequences requires, apparently, a deeper
characterization of the studied samples and clinical cases in order to understand the
discussed relationships. The quantitative level of Gal-9 expression should also be accounted.
Schulz et al. obtained opposite results on the association of moderate and high Gal-9
expression with survival [102].

2.6. IDO1

Indoleamine-2,3-dioxygenase (IDO1) and tryptophan-2,3-dioxygenase (TDO) are the
main enzymes in the first step of the kynurenine pathway, which catabolizes tryptophan
to kynurenine. It is known that IDO1 catabolizes most of the tryptophan in various
organs, while TDO is mainly expressed in the liver [103]. IDO1 is a monomeric heme-
containing protein encoded by IDO1 gene located on chromosome 8p12. TDO protein is
encoded by TDO2 gene mapped on chromosome 4 and forms a tetrameric heme-containing
complex with lower than IDO1 enzyme activity for tryptophan [104]. IDOL1 is an inducible
enzyme, the most important inducer of which is the cytokine IFN-y. Hyperactivation
of the kynurenine pathway leads to a decrease in tryptophan level and accumulation of
kynurenine, which has a toxic effect on T-cells. This can lead to cell cycle arrest of immune
cells such as CD8+ T-lymphocytes, NK-cells, and invariant NKT cells through the GCN
and mTOR signaling pathways [105]. Inflammation activates the kynurenine pathway
and increases the expression of IDO1. Inflammatory cytokines, such as IL-13, TNF-« and,
in particular, IFN-y stimulate JAK/STAT-mediated expression of IDO1 [106]. Increased
expression of IDOL1 correlates with a decreased level of infiltrating CD3+ T-cells, CD8+
T-cells, CD57+ NK-cells, B-cells, and increased level of Foxp3+ Treg in various types of
malignant tumors [107].

IDO1 and TDO expression was found in various cells in the TME (including metastatic
sites) and tumor-draining lymph nodes, including tumor, stromal, vascular, and immune
cells [106]. IDO1 is overexpressed in the vast majority of malignant tumors [108]. High
IDO1 expression correlates with poor prognosis in many types of cancer [109]. For exam-
ple, in the meta-analysis by Yu et al. overexpressed IDO1 was associated with poor OS
in patients with many types of solid tumors (HR = 2.03, 95% CI = 1.56-2.63). More-
over, patients with high IDO1 expression had poor disease-free survival (HR = 2.47,
95% CI = 1.46—4.20) [105]. Another meta-analysis showed a similar result: increased IDO1
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expression was significantly associated with reduced OS in many types of cancer (HR 1.92,
95% CI = 1.52-2.43, p < 0.001) [110].

In GC, increased expression of IDO1 is usually associated with poor OS [111-114].
It should be noted that, in some studies, association of IDO1 expression with survival was
not obtained [115,116].

There is evidence of an association of increased IDO1 expression with clinical charac-
teristics of solid tumors, such as tumor differentiation (OR = 1.81, 95% CI = 1.05-3.12,
p = 0.033), the presence of distant metastasis (OR = 1.45, 95% CI = 1.02-2.06, 0.039),
and TNM stage (OR = 1.89, 95% CI = 1.13-3.17, p = 0.015) [105]. In GC, IDO1 expres-
sion was significantly associated with the depth of tumor invasion and lymph node
metastasis [111,117,118].

Thus, increased expression of IDO1 in many types of tumors, including GC, is asso-
ciated with worse OS and clinical characteristics indicating a poor prognosis. Therefore,
unexpected were the unsatisfactory results of numerous clinical studies of anti-IDO1 drugs
as mono therapy [108]. These results lead to the conclusion that there is still insufficient
understanding of the role of IDO1 in immune suppression and need for further research in
this direction [103,108,119].

In addition, the therapeutic outcome may be influenced by the predominant function-
ing of individual immune pathways, which should be taken into account when planning
clinical trials [120]. There may be mechanisms that are not directly related to IDO1, which
compensate for the effect of blocking it [121]. However, the considered circumstances do
not eliminate the possibility of using IDO1 expression as a prognostic marker.

2.7. CEACAM1

Carcinoembryonic antigen-related cell adhesion molecule 1 (CEACAM]1), also known
as cluster of differentiation 66a (CD66a), is a member of the carcinoembryonic antigen cell
adhesion molecule (CEACAM) family, which belongs to the Ig superfamily. CEACAM1 is
a type I transmembrane protein containing an extracellular N-terminal variable domain
followed by up to three constant C2-like Ig domains [122]. The extracellular domains
of CEACAM1 are required for homophilic interaction with CEACAM1 and heterophilic
interaction with CEA (also known as CEACAMSD) as well as T cell-immunoglobulin and
mucin-domain containing 3 (Tim-3).

CEACAMLI has 12 isoforms due to alternative splicing of the CEACAM1 gene. In-
clusion or exclusion of exon 7 of the CEACAMI gene leads to the splicing of mRNA into
transcripts encoding two different cytoplasmic domains. Long isoform has ITIM motifs,
while short isoform lacks them. Moreover, CEACAMI1 can occur as secreted variants [123].

CEACAM]1 is the most common member of the CEACAM family and is expressed in
epithelial and endothelial cells, CD4+ and CD8+ T-lymphocytes, DCs, NK-cells, and bone
marrow cells [124]. CEACAM1 is not observed in naive T-cells, but is known to be the only
member of the CEACAM family expressed by activated T-cells [123].

Tim-3 is the ligand of CEACAM1, which is also a member of the Ig superfamily and
expressed as a type I membrane protein. Tim-3 is co-expressed and forms a heterodimer
with CEACAMI. The presence of CEACAMI1 confers Tim-3 inhibitory function. CEACAM1
promotes the maturation and expression of Tim-3 on the cell surface through the formation
of heterodimeric interactions [125].

CEACAM]1 expression in T-cells, NK-cells, B-cells, monocytes and granulocytes is im-
portant for the progression and development of various types of cancer [123]. Homophilic
interactions of CEACAMI1 and heterophilic interactions of CEACAM1 with CEACAMS5
inhibit NK-mediated destruction regardless of recognition of the MHC class I, and also
inhibit the activity of NK-cells and TILs to release IFN-y [126]. It has been shown that CEA-
CAM1 is the main effector of vascular endothelial growth factor (VEGF) in the formation
of tumor microvessels at an early stage [127]. CEACAM]1 appears to play an important role
in tumor growth and progression by participating in immune evasion mechanisms, as well
as an angiogenic effect.
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CEACAMLI is expressed in many cancers and correlates with tumor progression,
metastasis, and OS [128-130]. In GC, the effect of CEACAM!1 expression on prognosis
is ambiguous, since both increased CEACAM1 expression [131] and loss of CEACAM1
expression [132] were associated with poor prognosis. Increased CEACAM1 expression in
GC is associated with such clinical characteristics as TNM stage and lymph node metas-
tasis [133,134]. At present, there are not enough studies on the association of CEACAM1
expression with survival in GC; however, increased CEACAM1 expression is most likely
associated with the TNM stage and lymph node metastasis.

There are still insufficient data to conclude on the therapeutic efficacy of CEACAM1
inhibition. The anti-CEACAM1 mAb CM-24 in clinical study NCT02346955 did not show
therapeutic efficacy. Another anti-CEACAM1 mAb, PMG1124, showed good results in a
mouse model of a human tumor [135,136].

It should be noted that in model systems, inhibition of CEACAM1 by CM-24 also led
to good results. Therefore, the results of clinical trials should be waited.

2.8. CD155

CD155, also known as poliovirus receptor (PVR) or Necl-5, is an adhesion molecule
of the Ig superfamily involved in various physiological processes such as proliferation,
migration, cell adhesion and modulation of the immune response [137]. CD155 binds
with few cellular receptors and the ECM protein vitronectin. Moreover, CD155 makes
a significant contribution to the establishment of adhesion junctions between epithelial
cells due to forming complexes with nectin-3. Thus, CD155 effects on processes including
migration, growth and cell motility [138].

Alternative splicing of CD155 gene results in two transmembrane and two soluble
forms of CD155 [137].

CD155 is recognized by a group of receptors expressed on T- and NK-cells: the activa-
tor receptor DNAX accessory molecule 1 (DNAM-1, or CD226) and inhibitory receptors
T cell Ig and ITIM domain (TIGIT) and TACTILE (CD96) [139]. CD226 is an activating
receptor that belongs to the Ig superfamily and is expressed on NK-cells, as well as T-cells,
monocytes and B-cells. CD226 stimulates CD8+ T-cells and promotes NK-cell cytotoxicity
and cytokine production [140]. TIGIT and CD96 receptors are expressed by T- and NK-cells
after activation by chronic antigen exposure, for example, in malignant tumors [141]. These
receptors compete with CD226 for binding to CD155 and inhibit T- and NK-cell functions
in the TME [142]. TIGIT has been associated with NK-cell exhaustion in cancer patients.
TIGIT blockade prevented NK-cell exhaustion and promoted NK-cell-dependent tumor
immunity in several mouse models [143].

The human CD155 molecule was found to be significantly expressed in tumor cells
of solid tumors [144]. In the absence of CD155 expression in tumor cells, there is a slower
tumor growth and a decrease in metastasis, which indicates the importance of the role of
CD155 in the tumor [145]. In GC cells, suppression of CD155 increased T-cell metabolism
and IFN-y production, while CD155 overexpression inhibited T-cell metabolism and IFN-y
production [146]. CD155 transcription may be induced by the activation of the Ras-Raf-
MEK-ERK and the Sonic Hedgehog signaling pathways. CD155 overexpression leads to
Ras mutated tumor cell proliferation due to GO/G1 phase shortening [137].

An association of increased CD155 expression with a poor prognosis has been noted
in several malignant tumors [147-150]. In GC, an association of increased expression of
CD155 with poor OS was observed [131,151].

There is evidence of an association of CD155 expression with clinical characteristics
of the tumor. Thus, CD155 expression in some types of solid tumors was significantly
associated with tumor size, depth of invasion, and TNM stage [147,148,152,153]. In GC,
increased expression of sCD155 in blood serum was associated with the TNM stage [154].

Thus, in several cancers, increased expression of CD155 is associated with poor
survival and other unfavorable clinical parameters. The available data indicate the per-
spectives of CD155 inhibition as a target for immune therapy [155,156].
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2.9. Siglec-15

Sialic acid-binding immunoglobulin-type lectins (Siglecs) is a family of cell surface
proteins with an essential role in the regulation of immune homeostasis. Siglecs recognizes
a different kind of sialic acids, that are expressed on mammalian cells as a mechanism to
distinguish self and non-self. Some pathogens can employ inhibitory Siglecs to attenuate
the immune response and improve their survival. The dysregulation of Siglecs is associated
with various diseases ranging from autoimmunity to infections and cancer [157]. Siglec-15
is a type I transmembrane protein consisting of two Ig-like domains, a transmembrane
domain containing a lysine residue and a short cytoplasmic tail [158]. Siglec-15 is a ligand
for an unknown inhibitory receptor on cytotoxic T-cells, in the same way as PD-L1 on
cancer cells or tumor stroma engages IC molecule PD-1 on T-cells [159]. Siglec-15 is encoded
by the SIGLEC15 gene located on the long arm of chromosome 18 at locus 12.3 (18q12.3).
Siglec-15 associates with the activating adaptor proteins DNAX activation protein (DAP)12
and DAP10 via its lysine residue in the transmembrane domain [158]. Siglec-15 binds to
Sialyl-Tn, a short O-glycan with a sialic acid residue whose overexpression is associated
with various types of epithelial cancers [157]. Siglec-15 is expressed on macrophages
and DCs of spleen and lymph nodes [158]. Compared with normal tissues, Siglec-15
up-regulation was widely observed in tumors [160]. Moreover, Siglec-15 is overexpressed
on cancer cells and tumor-infiltrating macrophages/myeloid cells in contrast to its low
expression on macrophages in normal tissues. M-CSF may be a major inducer of Siglec-15
expression on macrophages. Due to the fact that M-CSF is inducible from various stromal
and hematopoietic cells by early inflammatory mediators such as TNF-oc and IL-1, Siglec-15
upregulation on macrophages by M-CSF may represent an initial negative regulation of
macrophages/myeloid cells on the initiation of innate and adaptive immunity. Siglec-
15 expression is mutually exclusive to PD-L1, partially due to its induction by M-CSF
and downregulation by IFN-y [161]. High Siglec-15 expression promotes hepatocellular
carcinoma migration via CD44 interaction and osteosarcoma progression via the activation
of the DUSP1/MAPK signaling pathway [162]. CD44 may be a cancer cell-associated
ligand for Siglec-15, due to CD44 is overexpressed in various types of solid tumors [159].

High Siglec-15 mRNA expression correlated with favorable or unfavorable outcomes
depending on the different type and subtype of cancer [160,163]. Siglec-15 overexpression
was associated with poor OS in pancreatic ductal adenocarcinoma, kidney renal clear cell
carcinoma and sarcoma [160]. In Li et al., high Siglec-15 expression was associated with
poor OS in GC (HR =4.87, 95% CI = 1.42-15.4, p = 0.006) [163]. At the same time, in other
studies, the expression of Siglec-15 in GC was not associated with OS [160,164].

Quirino et al. reported the association of Siglec-15 expression with such clinico-
pathological characteristics as the TNM stage (p = 0.01), histological grade (p = 0.0022)
and angiolymphatic invasion (p = 0.041) [164].

Siglec-15 may represent a novel pathway mediating cancer immune escape with the
essential features, such as selective expression in the tumors, while almost absent in normal
tissues; a strong tumor-induced immunosuppressive mechanism; and a targetable pathway
that normalizes cancer immunity in the TME upon blockade [157]. Siglec-15 blockade can
turn an immunosuppressive TME to an inflammatory site in some tumor models. [161].
Moreover, Siglec-15 represents an independent immune regulatory pathway from the
PD-1/PD-L1 axis and shows a mutually exclusive expression profile with PD-L1 in human
cancers, suggesting that it may provide a new therapeutic strategy for patients resistant to
anti-PD therapy [157]. Altogether, these results suggest Siglec-15 as a potential candidate
for cancer immunotherapy. An anti-Siglec-15 mAb was created, which, under the name
NC318, is in ongoing phase 1 clinical trial (NCT03665285) [165].

2.10. ADAM17

ADAMSs (a disintegrin and metalloproteinase) is a family of transmembrane and
secreted proteins that play an essential role in the regulation of cell phenotype through
effects on signaling, migration, cell adhesion and proteolysis [166]. ADAM17, a member of
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the ADAM family, also known as tumor necrosis factor-« converting enzyme (TACE), is a
sheddase of various proteins including cytokines and cytokine receptors, growth factors,
and adhesion molecules [167]. ADAM17 is protein of 824 amino acids, and its gene
ADAM17 is mapped on chromosome 2p25 [168]. ADAM17 controls the immune and
inflammatory response through pro-TNF-« activation and is also important during de-
velopment for the activation of membrane-associated epidermal growth factor receptor
(EGFR) ligands [169]. ADAM17 mediates the activation of HER2, HER3, HER4 and EGFR
receptors due to release of HER ligands including EGF, HB-EGF, heregulin, betacelluin
and TGF-« [170]. ADAM17 influences on endothelial cell proliferation, invasion, network
formation and activation of MMP-2, thereby regulating angiogenesis [171]. ADAM17 acti-
vates the TGF-f3 /Smad signaling pathway, which promotes EMT, as well as proliferation,
migration, and invasion of GC cells [172]. Increased ADAM17 expression promotes GC
progression through activation of Notch and/or Wnt signaling pathways [173].

The co-inhibitory receptor Tim-3 is a target of ADAM10 and ADAM17-mediated
ectodomain shedding leading to a soluble form of Tim-3 [174]. It has also been shown that
ADAM10 and ADAM17 cleave PD-L1 from the surface of tumor cells and extracellular
vesicles. As a result of cleavage, an active fragment sPD-L1 is produced, which induces
apoptosis in CD8+ T-cells and prevents tumor cells destruction by CD8+ T-cells. A de-
creased ratio of PD-L1 protein to mRNA in the tumor is associated with poor prognosis and
correlates with increased expression of ADAM10 and ADAM17 in a variety of malignan-
cies. This may explain the discrepancy between PD-L1 IHC and response to PD-1/PD-L1
inhibitors [175]. The expression level of mRNA and ADAM17 protein in gastric tissues is
significantly higher than in normal gastric mucosa [176].

ADAM17 expression is associated with poor survival (HR = 2.04, 95% CI = 1.66-2.52,
p < 0.001), lymph node metastasis (OR = 5.47, 95% CI = 3.98-7.51, p < 0.001) and distant
metastasis (OR = 3.50, 95% CI = 1.79-6.87, p < 0.001) in many types of tumors [177].
In a meta-analysis by Ni et al. increased expression of ADAM17 in GC was significantly
associated with poor survival, TNM stage and lymph node metastasis [178]. In a meta-
analysis of the expression of ADAM10 and ADAM17 in GC, their increased expression
was associated with T3-4 cancer more than T1-2 cancer (OR = 0.29, 95% CI = 0.21-0.40,
p < 0.0001), N-positive cancer more than N-negative cancer (OR = 4.36, 95% CI = 2.25-8.45,
p < 0.0001), cancer with distant metastasis more than cancer without metastasis (OR = 0.09,
95% CI = 0.02-0.37, p = 0.0008) [179]. Therefore, based on meta-analyses data, there is an
association of increased ADAM17 expression in a number of tumor types, including GC,
with the poor OS, TNM stage and lymph node metastasis.

ADAM]17 inhibition leads to a clinically significant effect, however, due to frequently
observed toxicity, the corresponding drugs have not yet entered the practice [180,181].
Some ADAM17 antibodies showing good results in model systems have not yet been tested
in clinical trials [182]. It should be noted the recently developed new approach to inhibit
ADAM17 in NK-cells using antibodies that enhance their anti-tumor activity [183].

Thus, the analysis of published data leads to the conclusion that the expression of
the main part of the examined ICs (PD-L1, B7-H3, B7-H4, IDO1, CD155, and ADAM17)
is associated with the prognosis of the development of solid tumors, including GC. In-
creased expression of these ICs is associated with worse patient survival and other unfavor-
able clinical parameters. At the same time, the expression of Gal-3 and -9 demonstrates a
contradictory relationship with the prognosis of the development of solid tumors in differ-
ent studies. There are insufficient data to conclude on the relationship between CEACAM1
and Siglec-15 expression and clinical characteristics.

On the other hand, inhibition of the most studied PD-L1, B7-H3, B7-H4 leads to
clinically significant therapeutic results. The available data indicate that CD155 inhibition
is promising as a target for immune therapy. The unsatisfactory results of clinical studies
of several anti-IDO1 drugs were unexpected, which indicates a lack of understanding of
the role of IDO1 in immune suppression and the need for further research in this direction.
The situation is similar to the Galectins. In the light of one of the recent works [92],



Diagnostics 2021, 11, 2370

13 of 28

for Gal-9, a solution can be found that consists in inhibiting not only Gal-9. Similar results
with a more detailed study can be obtained for other ICs. ADAM17 stands apart as it is
not an IC, but it can influence their functioning. Although its inhibitors, suitable for use
in clinical practice, have not yet been found, the presence of clinically significant effects

inspires optimism.

3. Immune Checkpoints as Biomarkers of GC

The search for works with the expression of analyzed ICs in GC was carried out on
the PubMed, PMC, Omicsonline, and Embase databases. For greater reliability of the data
on the relationship between ICs expression and prognosis and the characteristics of such
relationship, we tried to rely mainly on the results of meta-analyses. A detailed description

of the considered works is given in Table 2.

Table 2. Immune checkpoints as potential GC biomarkers.

Checkpoint Characteristics of Checkpoints as Candidates for GC Markers hﬁz:;f/ Reference
Increased expression is associated with
poor 3-year OS (HR =1.23, 95% CI = 1.02-1.49, p = 0.028), Meta-analysis [17]
poor 5-year OS (HR = 1.39, 95% CI = 1.14-1.69, p = 0.001), GC tissue/IHC
lymph node metastasis (OR = 1.73, 95% CI = 1.18-2.54, p < 0.01)
Increased expression is associated with
poor OS (HR = 1.46, 95% CI = 1.08-1.98, p = 0.01), .
. . Meta-analysis
greater depth of infiltration (p = 0.03), GC tissue/THC [18]
lymph node metastasis (p = 0.03),
venous invasion (p = 0.0003)
Increased expression is associated with
poor OS (HR = 1.64, 95% CI = 1.11-2.43, p = 0.01), Meta-analysis [19]
large tumor size (OR = 1.87, 95% CI = 1.25-2.78, p = 0.002), GC tissue/IHC
lymph node metastasis (OR = 2.17, 95% CI = 1.04-4.52, p = 0.04).
Increased expression is associated with Meta-analysis [20]
poor OS (HR = 1.60, 95% CI = 1.09-2.36, p = 0.012) GC tissue/IHC
B7-H1 Increased expression is associated with ) .
poor OS (HR = 1.74, 95% CI = 1.40-2.17, p = 0.146), Mété ?irs‘:lllye“s
lymph node metastasis (OR = 2.61, 95% CI = 1.78-3.84, p = 0.004), Serum/ ! [21]
higher TNM stage (OR = 2.28, 95% CI = 1.39-3.74,
IHC, ELISA
p = 0.006)
Better OS in patients with PD-L1-positive tumors treated with ICIs (HR = 0.82, Meta-analysis [27]
95% CI = 0.67-0.99, p = 0.04) GC tissue/IHC
Increased expression is associated with
better OS (HR = 0.753, 95% CI = 0.584-0.971, p = 0.029),
less advanced depth of infiltration (p = 0.001), GC tissue/IHC [13]
absence of distant metastasis (p = 0.029),
lower TNM stage (p = 0.01)
Increased expression is associated with poor OS (HR = 1.81, 95% CI = 1.15-2.78, Blood/ [26]
p <0.05) qRT-PCR
Increased expression in GC tissue is associated with
poor OS (HR = 4.28, 95% CI = 1.43-12.8, p = 0.0094),
depth of infiltration (p = 0.0003),
vessel involvement (p < 0.0001), GC tissue,
lymphatic vessel involvement (p = 0.0005), Serum/ [25]
lymph node metastasis (p = 0.023), IHC, ELISA

peritoneal metastasis (p = 0.0098)
Increased expression in serum is associated with
poor OS (HR =11.2, 95% CI = 3.44-36.7, p = 0.0001)
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Checkpoint Characteristics of Checkpoints as Candidates for GC Markers hﬁ::;ls:;/ Reference
Increased expression is associated with
poor OS (p = 0.003),
higher TNM stage (p = 0.000), GC tissue/IHC [40]
greater depth of infiltration (p = 0.001),
lymph node metastasis (p = 0.020)
Increased expression is associated with .
B7-H3 better OS (RR = 2.803, 95% CI = 1.051-7.477, p = 0.040) GC tissue/THC [42]
Increased expression is associated with .
greater depth of infiltration (p = 0.005) GC tissue/THC (341
Increased stromal expression is associated with .
greater depth of infiltration (p = 0.013) GC tissue/THC [33]
Increased expression is associated with
poor OS (HR = 1.56, 95% CI = 1.01-2.54, p = 0.046), BIO(I’,%/;RT' [41]
higher TNM stage (p = 0.013)
Meta-analysis
GC tissue,
Increased expression is associated with blood, [61]
poor prognosis (OR = 1.63, 95% CI = 1.30-2.03) serum/IHC,
qRT-PCR,
ELISA
Increased expression is associated with
poor prognosis (RR = 1.85, 95% CI = 1.15-2.96, p = 0.0087),
myometrial invasion (p = 0.004), GC tissue/IHC [62]
lymph node metastasis (p < 0.0001),
recurrence (p = 0.003)
Increased expression is associated with
poor prognosis (HR = 1.49, 95% CI = 1.03-2.17, p = 0.035), GC tissue/IHC [63]
higher TNM stage (p = 0.04)
Increased expression is associated with
poor prognosis (HR = 1.41, 95% CI = 1.01-1.98, p = 0.049),
B7-H4 lymph node metastasis (p = 0.007), GC tissue/IHC [64]
higher TNM stage (p = 0.004),
greater depth of infiltration (p = 0.011)
Decreased expression is associated with better OS in NACT (neoadjuvant .
chemotherapy) group (p = 0.031) GC tissue/THC [65]
Increased expression is associated with
poor prognosis (HR =2.01, 95% CI = 1.08-5.03, p = 0.024),
greater depth of infiltration (p = 0.006),
lymph node metastasis (p = 0.001), Blood /RT-PCR [66]
higher TNM stage (p < 0.001),
lymphatic invasion (p < 0.001),
venous invasion (p = 0.010)
Increased expression is associated with
poor prognosis (HR = 1.925, 95% CI = 1.033-3.857, p = 0.039),
large tumor size (p = 0.002), Serum/ [67]
lymph node metastasis (p = 0.001), ELISA

greater depth of infiltration (p = 0.041)
higher TNM stage (p < 0.001)
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Checkpoint Characteristics of Checkpoints as Candidates for GC Markers hﬁ::;ls:;/ Reference
Decreased expression is associated with Meta-
poor prognosis (HR = 0.49, 95% CI = 0.36-0.67, p < 0.001), analvsis
lymphatic vessel invasion (OR = 0.48, 95% CI = 0.26-0.89, p = 0.018), GC ti};sue [84]
higher TNM stage (OR = 0.47, 95% CI = 0.32-0.40, p < 0.001), greater depth of serum/IH é
infiltration (OR = 0.33, 95% CI = 0.21-0.51, p < 0.001), ELISA ’
poorer differentiation grade (OR = 0.10, 95% CI = 0.04-0.25, p < 0.001)
Increased expression is associated with
better OS (p = 0.006),
less advanced depth of infiltration (p < 0.001), e
absence of lymph node metastasis (p = 0.001), tissue,/ THC [85]
absence of distant metastasis (p = 0.004),
lower TNM stage (p < 0.001),
absence of lymphovascular invasion (p = 0.035)
Galectin-3 Decreased expression is associated with
poor prognosis (RR = 3.831, 95% CI = 1.574-9.329, p = 0.0031),
diffuse type (p < 0.0001), cC
poor tumor grade (p < 0.0001), tissue/THC [71]
lymph node metastasis (p = 0.0495),
lymphatic invasion (p = 0.0086),
higher TNM stage (p = 0.0433)
Increased expression is associated with ac
higher TNM stage (p = 0.038), . .
poor differentiation (p = 0.001), tlSSII;CeI/{RT [86]
lymph node metastasis (p = 0.022)
Increased expression is associated with GC 7]
higher TNM stage (p = 0.0019) tissue/IHC
Increased expression is associated with Serum/
lymph node metastasis (p = 0.001), ELISA [88]
distant metastasis (p < 0.001)
Increased expression is associated with
better OS (HR = 0.51, 95% CI = 0.35-0.76, p = 0.001)
Gal-9 negativity is associated with GC [101]
greater depth of infiltration (p < 0.001), tissue/THC
lymph node metastasis (p < 0.001),
higher TNM stage (p < 0.001)
Increased expression is associated with
Galectin-9 poor OS (p = 0.0028), GC
lymph node metastasis (p = 0.0060), tissue/ THC [94]
higher TNM stage (p = 0.0292),
blood vessel invasion (p = 0.0410)
Increased expression is associated with better OS (p = 0.002)
Decreased expression is associated with
lymph-vascular invasion (p = 0.034), GC [100]
lymph node metastasis (p = 0.009), tissue/THC

distant metastasis (p = 0.002),
higher TNM staging (p = 0.043)
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Table 2. Cont.

Checkpoint Characteristics of Checkpoints as Candidates for GC Markers hﬁ::;l::;/ Reference
Increased expression is associated with
poor OS (HR = 1.596, 95% CI = 1.156-2.204, p = 0.005), .
greater depth of infiltration (p = 0.045), GC tissue/THC (]
lymph node metastasis (p < 0.001)
Increased expression is associated with .
poor OS (p = 0.0059) GC tissue/IHC [112]
Increased expression is associated with .
poor OS (HR =2.75,95% CI = 1.01-7.58, p < 0.05) GC tissue/IHC — [113]
Increased expression is associated with
greater depth of infiltration (p = 0.016), GC tissue/IHC [117]
lymph node metastasis (p = 0.038)
Increased expression is associated with
IDO1 poor OS (p = 0.043)
large tumor size (p = 0.044), GC tissue/THC [114]
greater depth of infiltration (p = 0.027)
Increased expression is associated with
greater depth of infiltration (p = 0.016), GC tissue/IHC [118]
lymph node metastasis (p = 0.046)
Increased expression is associated with
well/moderately differentiated histology (p < 0.001),
intestinal type (p < 0.001), GC tissue/IHC [116]
absence of vascular invasion (p = 0.012),
lower TNM stage (p = 0.007)
Increased expression is associated with
lower rate of metastasis (p = 0.032), GC tissue/IHC [115]
lower rate of recurrence (p = 0.010)
Increased expression is associated with poor OS (p = 0.001) GC tissue/IHC [131]
Loss of CEACAM]1 is associated with
poor OS (HR = 3.472, 95% CI = 1.508-8.00, p = 0.03), .
peritoneal dissemination after gastrectomy (HR = 3.711, GC tissue/THC [152]
CEACAMI 95% CI = 1.253-10.995, p = 0.018)
Increased expression is associated with
lymph node metastasis (p < 0.05), GC tissue/IHC [133]
higher TNM stage (p < 0.05)
Increased expression is associated with .
lymph node metastasis (p < 0.05) GC tissue/IHC [134]
Increased expression is associated with .
poor OS (p = 0.001) GC tissue/IHC [131]
CD155 Increased TIGIT and CD155 expression were associated with KM Plotter GC [151]
poor OS (p = 0.011) database
Increased expression is associated with Serum/ [154]
higher TNM stage (p < 0.05) ELISA
Increased expression is associated with TCGA and [163]
poor OS (HR = 4.87, 95% CI = 1.42-15.4, p = 0.006) GEO databases
Siglec-15 Increased expression is associated with
INM stage (p = 0.01), GC tissue/IHC  [164]

histological grade (p = 0.0022),
angiolymphatic invasion (p = 0.041)
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Table 2. Cont.

Checkpoint Characteristics of Checkpoints as Candidates for GC Markers hﬁ::;ls:;/ Reference
Increased expression is associated with Meta-
poor OS (HR = 2.04, 95% CI = 1.66-2.50, p = 0.299), analysis [178]
higher TNM stage (OR = 4.09, 95% CI = 1.85-9.04, p = 0.000), GC
lymph node metastasis (OR = 3.08, 95% CI = 1.13-8.36, p = 0.007) tissue/IHC
Increased ADAM10 and ADAM17 expression were associated with Meta-
greater depth of infiltration (OR = 0.29, 95% CI = 0.21 to 0.40, p < 0.0001), analysis [179]
lymph node metastasis (OR = 4.36, 95% CI = 2.25 to 8.45, p < 0.0001), GC
distant metastasis (OR = 0.09, 95% CI = 0.02 to 0.37, p = 0.0008) tissue/ITHC
Increased expression is associated with
poor prognosis (HR = 2.067, 95% CI = 1.475-2.883, p = 0.000),
large tumor size (p = 0.000),
greater depth of invasion (p = 0.000), e
higher TNM stage (p = 0.000), . [184]
diffuse type (p = 0.000), tissue/THC
vessel invasion (p = 0.000),
lymph node metastasis (p = 0.000),
distant metastasis (p = 0.000)
Increased expression is associated with
poor prognosis (HR = 5.87, 95% CI = 1.59-20.52, p = 0.008),
ADAM17 poor differentiation (p = 0.006), ac
greater depth of invasion (p < 0.0001), tissue/THC [185]
lymph node metastasis (p = 0.02),
distant metastasis (p = 0.02),
higher TNM stage (p = 0.03)
Increased expression is associated with
poor OS (p = 0.019),
poor DFS (HR =1.61, 95% CI = 0.93-2.79, p = 0.038), cc
large tumor size (p = 0.04), tissue,/THC [186]
lymph node metastasis (p = 0.003),
vascular invasion (p = 0.015),
recurrence (p = 0.032)
Increased expression is associated with
poor prognosis (HR = 2.239, 95% CI = 1.516-3.305, p < 0.001) GC [173]
(AUC =0.618, p = 0.006), tissue/ITHC
lymph node metastasis (OR = 2.161, 95% CI = 1.115-4.190, p = 0.022)
Increased expression is associated with
greater depth of invasion (p = 0.007), GC [187]
distant metastasis (p = 0.047), tissue/IHC
higher TNM stage (p = 0.001)
Increased expression is associated with
poor prognosis (p = 0.007), GC [188]
lymph node metastasis (p = 0.005), tissue/THC

higher TNM stage (p = 0.002)

Footnotes: IHC—immunohistochemistry; ELISA—the enzyme-linked immunosorbent assay; RT-PCR—real-time PCR; GC—gastric
cancer; TNM—classification of malignant tumors; HR—hazard ratio; OS—overall survival; AUC—area under curve; OR—odds ratio;
Cl—confidence interval.

3.1. PD-L1

PD-L1 expression is used in clinical practice as a marker for predicting the response
to therapy with ICI directed primarily to the PD-1/PD-L1 axis, including among patients
with GC [1,2]. At the same time, the assessment of PD-L1 expression can serve as a
marker for prognosis of survival during therapy with inhibitors of the IC PD-1/PD-L1 in
the second and more lines: PD-L1 expression was associated with better OS (HR = 0.82,
95% CI =0.67-0.99, p = 0.04) [27].
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The results of all analyzed meta-analyses of PD-L1 expression in GC showed an
association of its expression with a poor prognosis of disease development, while the HR
value ranged from 1.39 to 1.74 [17-21].

PD-L1 expression is also associated with the clinical and pathological characteristics of
GC. The most significant meta-analysis results were obtained for the association with lymph
node metastasis (OR = 2.61, 95% CI = 1.78-3.84), TNM stage (OR = 2.28, 95% CI = 1.39-3.74,
p = 0.006) [21], tumor size (OR = 1.87, 95% CI = 1.25-2.78, p = 0.002) [19], and venous
invasion (p = 0.0003) [18].

PD-L1 expression for prognostic purposes can be measured not only in the tumor, but
also in the blood serum of patients with GC. In Shigemori et al. study PD-L1 expression
was measured in both tumor tissues and serum by ELISA. Multivariate analyses showed
that both elevated tissue PD-L1 and serum sPD-L1 were independent prognostic factors
for poor OS; the obtained HR values turned out to be close: (HR = 4.28, 95% CI = 1.43-12.8,
p =0.0094) and (HR = 11.2, 95% CI = 3.44-36.7, p = 0.0001), respectively [25]. Ito et al. re-
ported, that PD-L1 expression measured in preoperative peripheral blood by qRT-PCR was
an independent poor prognostic factor for OS (HR = 1.81, 95% CI = 1.15-2.78, p < 0.05) [26].

The results considered lead to the conclusion about PD-L1 expression as a candidate
for prognostic markers of GC with moderate-risk, an important property of which is the
possibility of minimally invasive use.

3.2. B7-H3

There are still few studies on B7-H3 expression in GC. The available results indicate an
association of increased B7-H3 expression in tumor tissue with low OS (p = 0.003), as well
as with TNM stage (p = 0.000), depth of infiltration (p = 0.001), and lymph node metastasis
(p = 0.020) [40]. An increased B7-H3 expression in peripheral blood was associated with
low OS in GC (HR =1.56, 95% CI = 1.01-2.54, p = 0.046) [41].

The available data indicate that further studies of B7-H3 among patients with GC are
promising for elucidating the possibility of using its expression as a prognostic marker.

3.3. B7-H4

In all publications found, increased expression of B7-H4 was associated with a poor
prognosis of GC (OR = 1.63, 95% CI = 1.30-2.03), as it is reflected in the meta-analysis [61].
The most significant results on the association of B7-H4 expression in tumors with a poor
prognosis of GC were obtained in studies by Jiang et al. (RR = 1.85, 95% CI = 1.15-2.96,
p = 0.0087) and Arigami et al. (HR = 1.49, 95% CI = 1.03-2.17, p = 0.035) [62,63]. Similar
results were obtained when measuring B7-H4 expression level in the blood of patients with
GC (HR =2.01, 95% CI = 1.08-5.03, p = 0.024) and in the serum of such patients (HR = 1.925,
95% CI = 1.033-3.857, p = 0.039) [66,67].

B7-H4 expression is also associated with certain clinical and pathological tumor
characteristics. Thus, Jiang et al. study shown association with myometrial invasion
(p = 0.004), lymph node metastasis (p < 0.0001), recurrence (p = 0.003) [62]. Arigami
et al. reported that B7-H4 expression in blood of GC patients significantly correlated with
depth of infiltration (p = 0.006), lymph node metastasis (p = 0.001), TNM stage (p < 0.001),
lymphatic invasion (p < 0.001), venous invasion (p = 0.010) [66].

Therefore, B7-H4 expression is a very promising candidate in markers with moderate
risk (HR = 1.5-2) for survival prognosis of GC patients.

3.4. Galectin-3

Meta-analysis of Gal-3 expression in GC showed that decreased Gal-3 expression was
significantly associated with a poor prognosis (HR = 0.49, 95% CI = 0.36-0.67,
p < 0.001), lymphatic vessel invasion (OR = 0.48, 95% CI = 0.26-0.89, p = 0.018), the poor
TNM stage (OR = 0.47, 95% CI = 0.32-0.40, p < 0.001), greater depth of invasion (OR = 0.33,
95% CI = 0.21-0.51, p < 0.001) and the poor degree of differentiation (OR = 0.10, 95% CI = 0.04-0.25,
p < 0.001) [84]. Among the individual studies, it is worth noting Okada et al. study,
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in which decreased Gal-3 expression was associated with a poor prognosis also (RR = 3.831,
95% CI = 1.574-9.329, p = 0.0031), the degree of differentiation (p < 0.0001), lymph node
metastasis (p = 0.0495), lymphatic invasion (p = 0.0086) and TNM stage (p = 0.0433) [71].
Kim et al. reported that Gal-3 expression was associated with better OS (p = 0.006), lower
depth of invasion (p < 0.001), absence of lymph node metastasis (p = 0.001), absence of
distant metastasis (p = 0.004), better TNM stage (p < 0.001) and absence of lymphovascular
invasion (p = 0.035) [85]. However, it should be noted that the level of Gal-3 expres-
sion in serum correlated with lymph node metastasis (p = 0.001) and distant metastasis
(p <0.001) [88].

Although most of the available studies on GC indicate the association of decreased
expression of Gal-3 with a poor prognosis; however, they are few and there are con-
flicting results, including among data on other types of tumors. The current situation
requires further research to understand the prospects of using the expression of Gal-3 as a
prognostic marker.

3.5. Galectin-9

Among the studies of Gal-9 expression in GC, the most impressive results were shown
by Choi et al.; in their study Gal-9 expression was associated with better OS (HR = 0.51,
95% CI = 0.35-0.76, p = 0.001), and the absence of Gal-9 expression was associated with
greater depth of infiltration (p < 0.001), lymph node metastasis (p < 0.001), and TNM stage
(p <0.001) [101]. It is also worth noting the study of Jiang et al., who showed an association
of increased Gal-9 expression with better OS (p = 0.002); in addition, decreased expression
was associated with lymph-vascular invasion (p = 0.034), lymph node metastasis (p = 0.009),
distant metastasis (p = 0.002) and TNM stage (p = 0.043) [100].

The situation with the relationship between the expression of Gal-9 and the survival
of patients with GC is similar to that observed in the study of Gal-3. Some studies find
better survival with increased expression of Gal-9, and there are also conflicting results in
different studies (discussed in Section 1). Further studies of Gal-9 expression are needed to
characterize the association with the prognosis of solid tumors, including GC.

3.6. IDO1

As evidenced by the results presented in the previous section, increased expression
of IDO1 in many tumor types, including GC, is associated with worse OS and clinical
characteristics indicating a poor prognosis. From the point of view of considering the
expression of IDO1 as a biomarker, it should be noted that Liu et al. showed an association
of IDOL1 expression with a poor prognosis of GC (HR = 1.596, 95% CI = 1.156-2.204,
p = 0.005), depth of infiltration (p = 0.045) and lymph node metastasis (p < 0.001) [111].
Similar results on the association of IDO1 expression with a poor prognosis of GC were
obtained by Nishi et al. (HR = 2.75, 95% CI = 1.01-7.58, p < 0.05) [113].

So far, few studies have been devoted to the study of IDO1 expression in connection
with the prognosis of GC. Nevertheless, in combination with the results for other types of
cancer, the data obtained indicate that further work is promising to establish the parame-
ters of the relationship between IDO1 expression and the prognosis of GC development.
The available data indicate a moderate risk of poor prognosis with overexpression of IDO1.

3.7. CEACAM1,CD155 and Siglec-15

Data on the expression of CEACAM1 and CD155 in relation to survival, including
among patients with GC, are contradictory. Therefore, at the moment, it is premature
to consider their expression as candidates for biomarkers. There are still little data on
Siglec-15. Further research is needed.

3.8. ADAM17

In all analyzed studies with a significant association of ADAM17 expression with
survival, ADAMI17 expression was associated with a poor prognosis of GC. So, in a
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meta-analysis by Ni et al. ADAM17 expression was associated with poor OS (HR = 2.04,
95% CI = 1.66-2.50), TNM stage (OR = 4.09, 95% CI = 1.85-9.04) and lymph node metas-
tasis (OR = 3.08, 95% CI = 1.13-8.36) [178]. Significant HR values were obtained by
Zhang et al.: in their study ADAM17 expression was associated with poor OS (HR = 5.87,
95% CI = 1.59-20.52, p = 0.008), degree of tumor differentiation (p = 0.006), depth of inva-
sion (p < 0.0001), lymph node metastasis (p = 0.02), distant metastasis (p = 0.02) and TNM
stage (p = 0.03) [185]. In Shou et al., HR values for the association of increased ADAM17
expression with poor OS were lower (HR = 2.067, 95% CI = 1.475-2.883, p = 0.000); how-
ever, high levels of significance of the relationship between expression and other clinical
parameters of poor prognosis were observed: tumor size (p = 0.000), depth of invasion
(p = 0.000), TNM stage (p = 0.000), lymph node metastasis (p = 0.000) and distant metastasis
(p = 0.000) [184]. Li et al. obtained similar results: ADAM17 expression was associated
with poor OS (HR = 2.239, 95% CI = 1.516-3.305, p < 0.001) and lymph node metastasis
(OR = 2.161, 95% CI = 1.115-4.190, p = 0.022) [173]. Hence, an association of increased
ADAM17 expression with reduced survival in GC patients has been identified, possibly
with a higher than moderate risk. At the same time, the parameters of association with
other clinical indicators of poor prognosis, such as metastasis, remain to be elucidated.

So, the considered members of the B7 family—B7-H1 (PD-L1), B7-H3, B7-H4, as well
as IDO1 and ADAM17, can be recognized as candidates for prognosis markers for the
survival of patients with GC. The risk of poor survival associated with their increased
expression is moderate, except for ADAM17, which may be associated with a higher risk.
The expression of the remaining analyzed ICs—Gal-3 and -9, CEACAM1, CD155 and
Siglec-15—requires further in-depth study.

4. Conclusions

The published data on the relationship between the expression of several ICs—PD-L1,
B7-H3, B7-H4, IDO1, Gal-3 and -9, CEACAM1, CD155, Siglec-15, and the ADAM17 immune
response modulator—with the prognosis of cancer tumors, including GC, are analyzed.
These data are compared with the results of clinical studies on their inhibition. Expression
of PD-L1, B7-H3, B7-H4, IDO1, CD155, and ADAM17 is associated with the prognosis
of tumors, including GC. Increased expression of the most studied ICs—PD-L1, B7-H3,
and B7-H4—is associated with poor patient survival and other unfavorable clinical param-
eters, and their inhibition leads to clinically significant therapeutic results. The available
data indicate that CD155 inhibition is promising as a target for immune therapy. The unsat-
isfactory results of clinical studies of several anti-IDO1 drugs turned out to be unexpected,
in light of the confident relationship between IDO1 expression and clinical parameters,
which indicates an insufficient understanding of the role of IDO1 in immune suppression
and the need for further research in this direction. Expression of Gal-3 and -9, as well as
CEACAMI and Siglec-15, demonstrates a contradictory relationship with the development
of solid tumors in different studies. The lack of satisfactory results from clinical studies
of inhibitors of these ICs additionally indicates the complex nature of their functioning.
Thus, according to the data of Yang et al., the resulting effect of Gal-9 may depend on
the ratios of the three immune components, and in order to achieve a positive effect,
the accumulation of Treg cells in the tumor space due to Gal-9 inhibition should be elimi-
nated [92]. Accordingly, when studying the relationship between the expression of Gal-9
and the survival rate of patients with malignant tumors, one should, apparently, analyze
the expression of other participants in the immune response to the tumor. This also applies
to other ICs that do not show a reproducible relationship with clinical indicators. In general,
on the combination of an IC expression association with clinical features and a response
to their therapeutic inhibition, three IC groups can be distinguished. In the first group,
the association with clinical features corresponds to the clinically significant therapeutic
results (PD-L1, B7-H3, B7-H4). In the second group, the controversial association of ex-
pression with the development of tumors corresponds to unsatisfactory results of clinical
studies of inhibitors of these ICs (Gal-3 and -9, CEACAM1). The third unexpected combina-
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tion is a confident association of IDO1 expression with clinical features and unsatisfactory
results of clinical studies. This case is the most mysterious for interpretation. It can be
assumed that, in the IDO1 inhibition, a side reaction occurs similar to the accumulation
of Treg cells in the TME under the inhibition of Gal-9, but that there are no multicompo-
nent interactions, apparently inherent for the second group. In the first group, if such
complications occur, it is not often.

Based on the available data, the considered members of the B7 family—B7-H1 (PD-
L1), B7-H3, B7-H4, as well as IDO1 and ADAM17—can be recognized as candidates for
prognosis markers for the survival of patients with GC.
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