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Abstract: Peritoneal metastases occur in 55-60% of patients with gastric cancer (GC) and are associated

with a 2% S5-year overall survival rate. There are limited treatment options for these patients, and no

targeted therapy or immunotherapy is available. Rational therapeutic targets remain to be found. In this

review, we present the published literature and our own recent experience in molecular biology to identify

important molecules and signaling pathways as well as cellular immunity involved in the peritoneal metastasis

of GC. We also suggest potential novel strategies for improving the outcomes of GC patients with peritoneal

metastasis.
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Introduction

Gastric cancer (GC), is the fifth most commonly diagnosed
cancer in the world, and over a million new cases of GC
are diagnosed each year (1). According to GLOBOCAN
2019 data, GC is the third leading cause of cancer deaths
worldwide, following lung and colorectal cancer in overall
mortality. GC is often not found until it is at an advanced
stage. Mortality from GC is higher among males. An
estimated that 55-60% of GC patients develop peritoneal
metastases (2). Peritoneal metastasis is life-threatening
and presents an unmet need. Despite the use of multiple
modalities to treat GC, including gastrectomy combined with
radiation therapy, chemotherapy or targeted chemo-immune
therapy, the disease often progresses, relapses, or metastasizes
and has a 5-year survival rate of less than 35% overall (3); and
only 2% presence of peritoneal metastases (4).
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The gastrointestinal cancers include GC, colorectal
cancer, appendicular cancer, and pancreatic cancer.
The peritoneum tends to be an ideal spreading ground
for distant metastasis caused by epithelial cancers (5).
Malignant ascites can occur as a result of gastric, colonic,
pancreatic, and ovarian carcinomas. Malignant ascites has
an extremely poor prognosis and lacks treatment. Novel
technologies in genomics and proteomics, including single-
cell RNA sequencing and cytometry by time of flight have
become increasing efficient and important techniques in
addressing the challenges presented by metastases. Recently,
several review articles on GC have discussed the genomics
of peritoneal malignancies (6), molecular carcinogenesis (7)
and molecular mechanisms of peritoneal dissemination (4),
clinical significance of micrometastases detected in various

anatomic sites in patients with GC (8). In this review

Transl Gastroenterol Hepatol 2020;5:57 | http://dx.doi.org/10.21037/tgh.2020.02.08


https://crossmark.crossref.org/dialog/?doi=10.21037/tgh.2020.02.08

Page 2 of 16

we present recent findings in the molecular biology and
immunology of gastrointestinal peritoneal metastasis with a
focus on GC.

Mechanisms and important molecules involved
in peritoneal metastasis

Mutations

Genetic mutations, specific gene alterations, have been found
in patients with GC. Less than 2% GC cases are familial in
origin. Hereditary susceptibility in GC has recently been
screened. Thirty-seven percent had a first-degree relative
with GC, and almost 90% had a family history of a first-
and/or second-degree relative with cancer (9). Hereditary
diffuse GC is inherited in an autosomal dominant manner
and is caused by cadherin 1 (CDH]I, i.e., E-cadherin) gene
mutation. CDHI function is frequently lost in a variety
of epithelial tumors, and the loss of normal intercellular
junctions promotes cancer invasion and metastases and is
associated with several types of cancers including GC (10).

Most genetic mutations identified in GC are associated with
changes in biological signals, such as the phosphatidylinositol
3-kinase/AKT target of the rapamycin pathway (11). Mutations
in the PIBK/AKT pathway-related genes, PIK34, PTEA, AKT3,
AKT?2 and AKT1, which are seen in a higher percentage of
patients with diffuse-type GC, can affect patterns of recurrence.
GC patients with PIK3CA amplifications were likely to have
diffuse-type and poorly differentiated GC and peritoneal
recurrences.

To identify gene clusters that plays a key role in
peritoneal metastasis, one group of researchers performed
comprehensive whole-genome and transcriptome
sequencing analysis of matched primary GC and peritoneal
metastasis from GC (12). They found 27 mutated genes,
of which 19 genes (ACADL, ACAN, AKAP2, ATXN3,
CCDCI121, CORO1B, CRNN, DCTNI1, HS6ST3, ITGAD,
IQUB, IREB2, JAM2, MUC4, MUC17, PRB4, PRBI,
RPILI1, and ZNF208) were reported in Catalogue of
Somatic Mutations in Cancer database and eight genes
were newly described in GC (ARMC4, CCDC178, DABI,
DMBT1, PDZD2, PLIN4, PKLR, and TUBBS6). Signaling
pathways were analyzed for the gene mutations occurring
in both primary cancer and peritoneal metastases. Six
genes (CDHI6, HOXA11, LOC100505875N, KX2-5,
NOX4, and SFRP4) were up-regulated, and represented
developmental proteins, tube morphogenesis, and homeobox.
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Significant down-regulation of genes related to epithelium
morphogenesis, secretion, and muscle development also
was found in both primary cancer and peritoneal metastases
compared with chronic gastritis.

Recently our research team characterized exome,
transcriptome, and immune landscapes in peritoneal
carcinomatosis (PC) cells from 43 patients with GC (13).
We identified shared genomic alterations between primary
GC and PC. We also demonstrated differences in genomic
alterations in PC compared with primary GC, including
increased frequency of CDHI1, and TAF1 mutations,
increased proportion of ‘clock-like’ mutational signature,
decreased levels of signatures associated with defective
DNA mismatch repair and POLE mutations, and increased
frequency of 6q loss and chromosome 19 gain. The
complexity of intratumour heterogeneity of PC was revealed
by analysis of the clonal and subclonal genomic architecture.
Furthermore, the novel molecular ‘mesenchymal-like’
and ‘epithelial-like’ subtypes were defined by integrative
clustering of genomic, transcriptomic, and immune
features. The ‘mesenchymal-like’ subtype was associated
with resistance to post-PC therapy. However, we did not
find an association between the traditional histopathology-
based subtypes and therapy response (13).

Epithelial-mesenchymal transition (EMT)

EMT, in which cells lose their epithelial characteristics and
acquire mesenchymal features, has been associated with
various tumor functions, malignant progression, tumor
stemness, tumor cell migration, intravasation to the blood,
metastasis, and resistance to therapy (14).

Asparaginyl endopeptidase (AEP), a lysosomal protease,
potentially plays a role in EMT. AEP is over-expressed in
GC and expressed at higher levels in PC than in primary
GC. It is interesting to observe that the proliferative,
invasive, and metastatic capacity of GC cells was inhibited
and the population of sub-G1 cells was increased in AEP
knocked-down nude mice. AEP knockdown was also
associated with significantly decreased expression of the
transcriptional factor Twist, increased expression of the
epithelial marker E-cadherin, and as a contrast, decreased
expression of mesenchymal markers, N-cadherin, B-catenin,
and vimentin. These findings indicated that AEP possibly
promotes invasion and metastasis by modulating EMT (15).
Further investigation revealed the significantly diminished
phosphorylation of AKT and MAPK signaling pathways in
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AEP knocked-down GC cells.

In a mechanism study of EMT, expression of stromal
fibroblast activation protein (FAP) showed a high
correlation with the malignant level of clinical outcomes
in GC patients, and promoted proliferation, migration,
invasion, and apoptosis inhibition in a human GC cell
line, SGC7901. The epithelial markers, E-cadherin and
Z0-1, were down-regulated, while those proteins related to
the mesenchymal markers N-cadherin and Wnt/B-catenin
pathway related proteins, DKKI1 and LEF-1, were up-
regulated. A xenograft GC nude mouse model showed
that tumor burden was significantly enhanced by FAP.
Therefore, stromal FAP is a potential prognostic biomarker
in GC by promoting cancer progression during EMT
through the Wnt/B-catenin signaling pathway (16).

Directly involved in tumor metastasis is S100A4, a
member of the S100 calcium binding protein family (17).
In a recent investigation of mechanisms of PC and EMT
process in GC, S100A4 expression level was found to be
enhanced by TGF-B stimulation, leading to upregulated
epithelial markers and downregulated mesenchymal
markers (18). In a screening of PC-related genes by a
c¢DNA microarray, SI00A4 and catenin f1 (CTNNBI)
are identified for up-regulation in highly metastatic
peritoneal cancer cells (19). Overexpression of S100A4
also was associated with more adverse clinical features
and a poor prognosis among GC patients in Asia (20).
Furthermore, p-catenin signaling pathway cascades involved
in pluripotent stem cell generation and cancer. The EMT-
related CTNNBI is mutated along with mutation of
CARDI11, EPHAS, ICE1, SS18, MSH3, and PTCHI. The
expression of CTNNBI, and genes related to the CTNNB1
network, including CDHI1, LEFI, MYC, and TCF7L2
was up-regulated in diffuse-type GC cells compared with
mesenchymal stem cells (21,22).

ALEX1 is a member of the Armadillo family. Its
DNA was hypermethylated in the promoter region and
its expression was dramatically reduced in GC tissues
compared with corresponding adjacent non-tumor tissues.
The lower expression of ALEX1 was associated with poor
differentiation, lymph node metastasis, and shortened
patient survival. ALEX1 contributed to the pleiotropic
effects in GC cells, such as reduced cell proliferation,
migration, and invasion in both in vitro and in vivo
functional analyses. Furthermore, ALEX1 was proved
to participate in EMT and attenuate thrombin-induced
metastasis via the repression of Rho GTPase activation.
These results suggest that ALEX1 plays a metastatic
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suppressive role in GC patients with PC (23).

Other proteins involved in GC with PC

Various proteins influence the aggression of GC progression
and PC metastases (24). The protein markers for
peritoneal dissemination involve invasion of gastric wall
(EpCAM, E-cadherin, AnxAl and NRAGE), outliving
and proliferation (HIF-1a, PTEN, CAFs, CXCR4,
AREG and HB-EGF), adhesion and invasion to the
mesothelium (ITGAs, MELK, MMP7 and CTGF), and
expansion and angiogenesis (VEGF and IRX1). These
factors involve PI3K/Art, MAPK/ERK and angiogenesis
signaling pathways. Additional molecules involved in gastric
carcinogenesis and peritoneal metastasis are described
below.

Mucins

Mucin family members are glycosylated membrane-bound
proteins, produced in epithelial cells, serving functions
from lubrication to cell signaling and chemical barrier
formation. The roles of some mucins in GC and metastasis
were recently well summarized in a review (24). Mucins are
frequently engaged in an inhibitory role. Overexpression
of selective mucins is correlated between clinicopathologic
profiles and patient survival in the gastric carcinogenesis
process. MUC4 has been involved in tumor growth and
metastasis. MUC4 is activated by the transcription factor
STAT3 and by Erk1/2, while MUC?2 is activated through
the NF-kB pathway, and both are associated with gastric
or intestinal epithelial inflammation and are dependent on
individual cytokines, TNF-a, IL-1b or IL-6 (25). MUCl1
is overexpressed in metastatic cancers and is often used as
a diagnostic marker for metastatic progression. IL-11 is
reported to promote MUCI transcription in the co-culture
of cancer-associated fibroblasts with GC cells by activating
STAT3 pathway, thereby enhancing the ability of GC to
metastasize (26). The different mucins combined with other
markers are used for identifying GC phenotypes (7).

Hypoxia-inducible factors

Hypoxia inducible factor (HIF) 1 regulates a variety
of physiologic pathways, such as hematopoietic stem
cell regulation, cell proliferation, survival, apoptosis,
angiogenesis, glucose metabolism, and immune cell
activation (27). HIF-1o regulated genes was recently found
to regulate procollagen-lysine 2-oxoglutarate 5-dioxygenase
2 (PLOD2) (28), and expressions levels of both HIF-
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la and PLOD2 were induced by hypoxia. In turn, these
elevated levels of PLOD2 were associated with peritoneal
dissemination and poor survival in GC patients. Similarly,
experiments in GC cells revealed that PLOD2 induction
by hypoxia associated with cell invasiveness and migration.
Conversely, the invasiveness and metastatic peritoneal
of those cells were suppressed after PLOD?2 silencing,
independently of HIF-1a.

HIF-2a promotes migration, invasion and metastasis
in GC cells both iz vitro and in vive, and overexpression
of HIF-2a upregulates survivin, cyclin D1, MMP2 and
MMP9 (29). The cell cycle regulators cyclin D1 and
cyclin E2 are highly expressed in gastric carcinoma and
are associated with clinical parameters. Cyclin D, as a
diagnostic biomarker, showed significantly higher sensitivity
and specificity than cyclin E2. Nonetheless, the differential
expression of these cyclins is an early event in gastric
carcinogenesis, and may become diagnostic biomarkers for
early detection of GC (30).

ST6GalNAc I

Cell-surface glycosylation is commonly modified in cancer
cells. Tumor-specific polysaccharides or glycan antigens
are exclusively feature of cancer cells, affecting cell-surface
receptor properties, such as binding, activity, and stability.
These carbohydrate antigens on cell surface can regulate
cell-cell and cell-extracellular matrix adhesion or alternate
cell proliferation and evasion of the immune system (31).
All of glycosylation alteration is an enzyme process.

ST6GalNAc I is a sialyltransferase controlling the
expression of sialyl-Tn antigen, which is overexpressed
in GC, and is highly correlated with cancer metastasis.
Inhibition of ST6GalNAc I on GC in vitro and in vivo in a
peritoneal dissemination mouse model by knock-down of
ST6GalNAc I led to suppression of cell growth, migration,
invasion, and peritoneal dissemination, and prolonged the
survival of a xenograft mouse model of GC. Furthermore,
the ST6GalNAc regulated gene, insulin-like growth
factor-1 (IGF-1), was association with the signal transducer
and activator of transcription 5B (STATS5B) signaling
pathways (32).

Galectin 3, belonging to the family of b-galactosidase-
specific lectins, is usually highly expressed in many
cancers, including GC. ST6GalNAc-I knockdown was
found to restore galectin-3-binding sites on the GC
cell surface along with sensitivity to chemotherapeutics.
ST6GalNAc-I enzymatic activity interrupted O-glycan
extension on galectin 3, leading to tumor cells resistance
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to chemotherapeutic drugs. This phenomenon highlights
the need for the development of novel strategies to target
galectin-3 and/or ST6GalNAc-I (33).

Nicotinamide nucleotide transhydrogenase (NNT)
NNT is a key antioxidative enzyme that can regenerate
NADPH from NADH. NNT is correlated to shorter
overall and disease free survivals in GC. NN'T promoted
tumor growth, lung metastasis and peritoneal dissemination
of GC. Moreover, intratumoral injection of NNT siRNA
significantly suppressed GC growth in patient-derived
xenograft models. This study demonstrated crucial
functional roles of NNT in redox regulation and suggested
that defense of oxidative stress is also one of manners to
inactivate p38MAPK pathways (34).

Carcinoembryonic antigen-related cell adhesion
molecule 1 (CEACAM1)

CEACAM1 is associated with various cancers. There are 12
isoforms of CEACAMI1 with diversified functions through
signaling transduction, in particular, MAPK/Erk]1 pathways
and PI3K/Akt pathways (35). CEACAMLI expression in GC
cells modulates invasiveness, ingression, lumen formation,
and tumor growth. However, loss of CEACAMI is
associated with poor prognosis and peritoneal dissemination
in patients with GC. Whether CEACAM1 is a suppressor
or promoter for malignant phenotypes of GC remains
controversial (36). Although CEACAM1 is proposed to be a
ligand for TIM-3, a novel immune-checkpoint protein both
are highly expressed in malignant ascites cells (our own
unpublished data), the relationship of these two molecules
in GC has not yet been reported.

Oncostatin M receptor and discoidin-domain receptor 2
STAT3 activation and its-mediated signaling pathway are
required in tumor initiation and metastasis (37). Oncostatin
M receptor (OSMR), a member of the IL-6 receptor family,
transduces Oncostatin M signal to induce tumorigenesis
and PC in vivo. High level of OSMR expression was
found in GC tissues and was closely correlated with age,
T category, Lauren classification, lymph node metastasis,
TNM stage and worse prognosis in GC patients. OSMR
knockdown significantly downregulated cell proliferation,
migration, invasion, and EMT iz vitro. Moreover, SP1 was
found to bind to the promoter region of OSMR gene and
transcriptionally upregulate OSMR expression in GC cells.
Therefore, the activation of STAT3/FAK/Src signaling is
necessary for the effects of OSMR, and is a potential to be
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targeted in treating GC and metastasis (38).

Mechanisms of peritoneal dissemination have been
exploited in the work of Kurashige et a/. (39). They
established a gene-expression signature associated with
peritoneal dissemination in GC by screening metastatic cell
lines and 200 GC patients. The combined analysis iz vitro,
xenograft nude mouse model and clinical data revealed that
discoidin-domain receptor 2 (DDR2) was responsible for
peritoneal dissemination. A drug, dasatinib, that inhibits
the kinase function of DDR2, suppressed peritoneal
dissemination iz vitro and in vivo.

miRNA and peritoneal metastasis

miRNA has been explored extensively in recent years in
cancer research and diagnosis. Oncogenic miRNAs activate
oncogenic pathways or inhibit tumor suppressive genes, while
suppressive miRINAs eliminate oncogenic gene function. One
miRNA can target multiple genes or pathways through post-
translational mechanisms. Low levels of tumor suppressive
miRINA are associated with features of cancer aggressiveness,
e.g., cancer proliferation or tumor metastasis, and high
levels of tumor-suppressive miRINA reduce cancer growth in
vivo and in vitro (40) (Tible 1).

Genome-wide transcriptional profiling of miRNA-bases
signatures has been investigated in primary GC tissue from
patients with PC (41). The three miRNAs (miR-30a-5p,
-659-3p, and -3917) were significantly overexpressed in
patients with PC, which was closely correlated with poor
prognosis. The combination of this miRNA signature and
the Bormann macroscopic type offers a potentially accurate
approach for the detection of PC.

Suppress-miRNAs

Studies of suppressive miRNA suggest potential treatment
strategies for GC. miR-148a was shown to reduce tumor
proliferation, metastasis, invasiveness, migratory and
adhesive activities of GC cells through its regulated
protein-interaction network (42). In addition, miR-26a was
found to directly target fibroblast growth factor 9 (FGF9)
whose overexpression in miR-26a-expressing cells could
rescue invasion and growth defects of miR-26a (43). Further
experiments confirmed that elevated expression of miR-
148a and miR-26a significantly suppressed cell proliferation,
migration, invasion, and colony formation, and induced
apoptosis compared with a negative control group (43,44). The
miR-29 family acts as tumor suppressors by targeting CCND2
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and matrix metalloproteinase-2 genes in GC (45). miR29a-3p
downregulated hyaluronan synthase 3 (HAS3) expression and
repressed proliferation and metastasis of GC (46).

miR-198 down-regulation was characterized in GC
tissues. Restoration of miR-198 expression attenuated GC
cell proliferation and colony formation, while inducing
significant G/G, arrest. Furthermore, combinatory therapy
with cisplatin and miR-198 induced greater anti-tumor effects
than treatment with cisplatin monotherapy. Fibroblast growth
factor receptor 1 (FGFR1) was indicated a direct target gene
of miR-198, and FGFRI silencing elicited a similar tumor-
suppressive effect to that caused by miR-198 overexpression.
Conversely, FGFR1 overexpression antagonized the anti-
tumor effects of miR-198 overexpression. The miR-198/
FGFRI axis therefore plays an important role in proliferation
and apoptosis of GC (47).

miR-140 expression was significantly reduced in H.
pylori positive GC. The immune checkpoint molecule PD-
L1 was identified as a direct target of miR140 in GC cells,
and overexpression of miR140 significantly suppressed GC
cell proliferation by reducing PD-L1 expression. miR-140
markedly repressed tumor growth in C57BL/6 mice. It is
further confirmed that increased cytotoxic CD8+ T cells
and decreased myeloid-derived suppressive and regulatory
T cell infiltration were closely associated with the tumor-
suppressive role of miR140 in GC. In addition, the miR-140
overexpression-induced alterations were down-regulated by
PD-L1 plasmid. These findings verified that miR140 exerts
an anti-GC effect by targeting PD-L1 (48).

As a key regulator of cell cycle progress, cyclin E2 has
been identified as the target of variety of miRINAs in cancers,
including miR-30 family, as well as miR-383 in GC cells (49).
miR-383 targeted cyclin E2 and negatively regulated the
expression of cyclin E2 in GC. Similarly, miR-30d-5p
overexpression inhibited the proliferation and motility
of non-small cell lung cancer by targeting cyclin E2 (50).
These studies suggested the critical function of cyclin E2 in
miRNA-mediated tumorigenesis. Furthermore, miR-30a-
5p was significantly reduced in GC tissues compared with
normal gastric tissues, as well as in GC cell line AGS (51).
Insulin-like growth factor 1 receptor (IGF-1R) was also
identified as a target of miR-30a-5p. Furthermore, IGF-
IR was involved in miR-30a-5p-mediated proliferation and
invasion of AGS cells.

miR-338-3p level is inversely correlated with an
oncogene, protein-tyrosine phosphatase 1B (PTP1B), which
is involved in carcinogenesis and cancer dissemination
in GC tissues. PTP1B is a target of miR-338-3p via

Transl Gastroenterol Hepatol 2020;5:57 | http://dx.doi.org/10.21037/tgh.2020.02.08



Page 6 of 16

Table 1 miRNAs are involved in GC progression and peritoneal metastasis

Translational Gastroenterology and Hepatology, 2020

miRNAs (Ref.) Location Association with GC ~ Targeted genes and pathways Application
miR-30a-5p (41); Primary tumor with GC Poor prognosis Unknown Diagnosis
miR-659-3p; peritoneal metastasis

mR-3917

miR-148-a (42); Plasma and GC tissue Tumor suppression FGF9 Biomarker; rescue invasion

miR-26a (43,44)
miR-29 family (45)

miR-29a3p (46)
miR-198 (47)

miR140 (48)

miR-383 (49)

miR-30d-5p (50)
miR-30a-5p (51)

miR-338-3p (52)

miR-93-5p (53)

miR-421 (54); miR-

129, miR21, etc.
miR-181b-5p (55)

GC tissue

GC cell lines

GC tissue

GC tissue

GC cells

non-small cell lung cancer

GC tissue and cell lines

GC tissue and cell lines

GC tissue

Gastric juice

GC ascites exosome

Repress proliferation and
metastasis

Suppress GC metastasis

Inhibit tumor growth and
promote GC apoptosis

Suppress GC proliferation
and growth

Inhibit GC proliferation

Inhibit motility

Inhibit GC growth and
metastasis

Restrain tumor growth and
dissemination

Repress GC growth
dissemination

Gastric malignancy

Promote EMT, peritoneal
metastases

CCND2 and matrix
metalloproteinase-2

Monitoring tumor progression;
miRNA-based therapeutics

HAS3 Potential therapeutic effector
FGFR1 Diagnostic and therapeutic
potential
PD-L1 Potential effector in
immunotherapeutics
Cyclin E2 Candidate to interrupt GC
progression
Cyclin E Tumor suppressor
IGF-1R Potential therapeutic effector
PTP1B Tumor suppressor
IFNAR Tumor suppressor
Unknown Biomarkers for screening GC
Unknown Combine with CEA as a

potential biomarker in malignant
ascites

direct targeting to 3'-untranslated regions of PTP1B.
Furthermore, an orthotopic xenograft model and a
peritoneal dissemination model of GC also demonstrated
that miR-338-3p restrained tumor growth and
dissemination iz vivo by targeting PTP1B. These results
provide new insights into novel molecular therapeutic
targets by administration of miR-338-3p to suppress
PTP1B oncogene in GC (52).

Onco-miRNAs

miR-93-5p expression was increased in GC tissues compared
with adjacent normal tissues and its overexpression was
correlated with distant metastasis and poor survival in GC
patients. miR-93-5p knockdown restricted the migration,
invasion and proliferation of GC cells in vitro and in vivo.
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Furthermore, miR-93-5p significantly decreased IFNARI
expression in GC cells. IFNARI is a direct target of miR-
93-5p. IFNAR1 knockdown promoted migration and
invasion of GC cell. As a consistent result, miR-93-5p
overexpression rescued migration and invasion of GC
cells. In sight of acting mechanism, miR-93-5p-IFNAR1
axis increased MMP9 expression via activation of STAT3
pathway to promote GC metastasis in GC (53).

miRNA and exosomal miRNA as biomarkers

miRNA profiles display the potential for miRNA as
biomarkers in various gastric diseases, including Helicobacter
pylori infection, chronic gastritis, and intestinal/gastric types
of GC at various stages (56). Body fluids such as peripheral

blood, urine or saliva, stomach wash or gastric juice could be
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a source of specific biomarkers for screening and diagnosis
in GC. Circulating molecules such as miRNA, along non-
coding RNAs, and circular RNAs hold promise in the
development of new strategies for early diagnosis (57).
Analysis of circulating miRNA can provide important
information on GC prognosis. miRNAs in gastric juice could
represent a cogent alternative to screening for GC by biopsy,
as the gastric juice miRNA test is reliable and reproducible.
MiR-421, miR-129, miR-21, miR-106a, and miR-133a were
investigated in the gastric juice of patients (54).

Exosomes derived from malignant ascites from GC
patients and GC cells have been investigated as potential
biomarkers for GC. Exosomal miR-181b-5p combined
with carcinoembryonic antigen (CEA) level was found to
distinguish between non-malignant and GC-ascites (55).
Exosome miRINAs are highly expressed in plasma and PC,
and play a pivotal role in cancer progression (58). Twenty-
nine differentially expressed exosomal miRNAs were found
to up-regulate of EMT signaling and initiate peritoneal
metastasis iz vitro and in vive. Furthermore, 12 miRNAs
including miR-760, miR-6821-5p, etc. were predicted to
their target genes, which are involved in TGF-p, Wnt,
Notch and PI3K-AKT signaling pathways and play roles
in GC patients with peritoneal metastasis. These miRINA-
transcript interactions could provide a novel perspective
of mechanisms of peritoneal dissemination in GC. The
exosomal miRNAs thus present potential biomarkers or
targets for GC patients with peritoneal metastasis.

Immunology of peritoneal dissemination in GC

Innate and adaptive immune cells in peritoneal metastasis
from GC

Macrophages (Mo), neutrophils, dendritic cells (DCs) and
natural killer (NK) cells participate in innate immunity via
direct defense against invading pathogens and cancer cells,
and furthermore initiate adaptive immune systems. 1" and
B lymphocytes function act as major “soldiers’ in adaptive
responses through interaction with DCs, monocytes,
and Mo. Overall, the basic functional and phenotypical
characteristics of these mononuclear phagocytes are both
distinct and, often, overlapping (59) (Figure I).

DCs

DCs are the most powerful professional antigen-presenting
cells at the interface between innate and adaptive immunity
with the ability to activate many effector cells (Mo, NK,
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T, and B cells). DCs also can induce antigen-specific T
cell immunity. DCs were recently reported to show an
antitumor function as an activator of resting or naive T
cells in GC in vitro (60). The sphere-forming cells were
isolated and identified from the patients with GC, and then
co-cultured with autologous T-lymphocytes for educating
and boosting specific anti-tumor lymphocytes. IFN-y
gene expression in these lymphocytes was significantly
higher compared with the control. The cytotoxic activity
of T-lymphocytes primed with antigens of sphere-forming
cells was also significantly higher than that of normal-
tissue antigens and mock DCs. Therefore, DCs are pulsed
with antigens of sphere-forming cells due to the lysis of
GC stem cells by primed T-lymphocytes in vitro to exclude
the potential for adverse autoimmune events or other
side effects. This strategy could be used as a therapeutic
vaccination against autologous cancer stem cells in GC
patients in the future.

Mg and enriched M2 M in PC

Mo are important in phagocytosis, antigen presenting and
producing cytokines and growth factors. There are limited
strategies based on patient immunity for treating peritoneal
dissemination of malignancies in the abdominal cavity.
Since immune cells such as M¢ and lymphocytes are present
in the greater omentum and lymph nodes, the activation of
immune cells would be a promising strategy for treatment
of PC. A decade ago, the recognition by Toll-like receptor
ligand, on antigen-presenting cells such as Mo, of single-
stranded oligonucleotides containing CpG dinucleotides
(CpG DNA), was reported to stimulate Th-1-type immune
responses, and the use of cationic liposomes for CpG DNA
delivery was described as an efficient way to boost immune
cells for treatment of peritoneal dissemination (61).

From the evolutionary point of view, mammalian
organisms develop immune systems to defend against
pathogens and survive in living environments. However,
cancer cells either inherently or causatively develop
strategies to escape immune surveillance by targeting
or hijacking the immune system to assist their abnormal
growth. For example, in response to micro-environmental
signals, M¢ can polarize from tumor suppressing M1
Mg into tumor promoting M2 M¢. M1 Mo contribute
to antitumoral immunity and inflammatory response by
producing pro-inflammatory cytokines, such as IL-6, IL-8,
IL-12 and TNFua (62), while a endogenous neuropeptide,
Met-enkephalin (MENK), exerts antitumor activity by
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reversing tumor-associated M¢ polarization from M2 to
M1 phenotype (63).

Recently, studies have indicated that M2-type
M resembling tumor-associated M are a potential
independent prognostic factor for GC (62). Tumor-
associated M displays a M2-like phenotype with major
roles in progression of solid tumors, as M2 M promotes
tumor growth by (I) stimulating tumor cell proliferation
via secretion of angiogenetic factors; (II) inducing transient
openings in tumor neovessels that allow malignant cells
to enter the bloodstream; (III) promoting metastatic
dissemination of solid tumors; (IV) contributing to tumor
relapse with multiplexing its number after chemotherapy
and, limiting the efficacy of chemotherapies; and (V)
supporting immune suppressive tumor microenvironment
mediated by PD-1 and CTLA-4 (64). M2 tumor-associated
M@ are derived from circulating peripheral blood
monocytes that may already express M2-associated markers,
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such as CD163 and CD206, which are further upregulated
upon extravasation of the cells at the tumor location
and/or by exposure to factors in the perivascular tumor
microenvironments (65). Recently, we have demonstrated
that M2-like M@ infiltration was tightly associated with
PD-L1 expression in gastric adenocarcinoma cells,
suggesting that M¢ is a potential therapeutic target in
the disease (66). In addition, in more than 200 cases, we
found that a high proportion of M2 M@ (CD163+) are
enriched in malignant ascites cells (unpublished data).
Therefore, targeting M2 M@ in GC peritoneal metastasis
might provide novel therapeutic strategies for GC
patients with PC.

NK cells

NK cells often lack antigen specific cell surface receptors,
but contain granules, perforin and proteinases, e.g.,
granzyme B, inducing cytolytic granule-mediated
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apoptosis or osmotic cell lysis to target cells. NK cells
express activating receptors, such as NKG2D and natural
cytotoxicity Receptor family (NKp30, NKp46 and NKp44)
and recognize many tumor types (67). NK cells also interact
with DCs, M@ and T cells and contribute to anti-tumor
adaptive immune responses by secreting cytokines, such as
IL-2,TL-12, IL-15, IL.-18 and CCRS.

NK cells contribute to immune surveillance of primary
tumor formation, tumor recurrence and metastasis
dysfunction in mouse models and human GC patients (68).
However, NK cells display a suppressive phenotype with
fewer number of activating receptors and higher expression
of PD-1 in GC patients. In addition, NK cells secret fewer
kinds of cytokines and showed decreased ability to release
perforins and granzymes. Meanwhile, GC cells reduce the
expression of NKG2D ligands, MICA/B and ULBP, and
NKp30 ligand, B7H6, to escape NK cell-mediated innate
immunity. GC cells can also release some cytokines, such
as IL-10, TGF-B, and PGE2, recruit myeloid-derived
suppressor cells, and regulatory T (Treg) cells to suppress
NK cell activity.

Two reports provide approach for improving the
immunogenicity or susceptibility of GC peritoneal
metastasis to NK cells. One method is the use of gene
therapy with adenovirus vector vehicle intercellular
adhesion molecule (ICAM)-2, which was injected into
mice bearing peritoneal dissemination of scirrhous gastric
carcinoma (69). The mice survived longer significantly,
and many NK cells filtrated the peritoneal metastatic
lesions, suggesting that ICAM-2 transfection might be an
efficient strategy of gene therapy for peritoneal metastasis
from GC. Another method targets cancerous IgG either
by transfecting GC cells with cancerous Ig G heavy chain
siRNA to enhance antibody-dependent cellular cytotoxicity
induced by an EGFR antibody and therefore inhibits GC
cell growth (70).

Treg cells

Treg cells are subpopulation of T cells with typical
CD4, Foxp3 and CD25 as cell type markers. Tregs are
immunosuppressive and generally downregulate effector
T cells, therefore are thought to contribute to tumor
progression (71). The accumulation of Tregs in adoptive
cell therapy has been investigated in peritoneal metastasis
from GC (72). It is found that Treg cells were significantly
more frequent in malignant ascites lymphocytes, compared
with the peripheral blood of patients. Furthermore, arsenic
trioxide (As,O;) treatment significantly reduced Treg cell
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numbers and FOXP3 mRNA levels in vitro. IFN-y levels
were increased, whereas IL-10 and TGF-p levels were
decreased by As,O;in the supernatant of tumor-infiltrating
lymphocytes derived from ascites. Thus, As,O; may induce
selective depletion and eliminate immunosuppressive
function of Treg cells by promoting apoptosis of CD4+ T
lymphocytes, enhancing the cytotoxic activity of tumor-
infiltrating lymphocytes.

Chimeric antigen receptor T cells

Chimeric antigen receptor (CAR)-T cell-based cancer
immunotherapy is a promising new alternative for the
treatment of relapsed lymphoblastic leukemia, multiple
myeloma and lymphoma by inducing the direct destruction
of cancers. Specific CAR-T cells are genetically engineered
from patient T cells and can secrete cytokines, produce
specific molecules and exert potent cytotoxicity against a
wide range of cancer cells. The application of CAR-T cell
technology in solid tumor therapy is a current research
“hotspot” (73).

GC cells expressing NKG2DLs are highly susceptible
to destruction by NK cells. Targeting NKG2DLs with
engineered T cells expressing a chimeric NKG2D
(chNKG2D) has been shown to induce tumor elimination
and long-term tumor-free survival in mouse models (74).
Furthermore, the extracellular domain of the NKG2D was
constructed in human peripheral blood T cells containing
intracellular domain of CD28 in tandem with CD3zeta to
enhance T-cell activation. This chNKG2D CAR expressed
on the T cells allows the T cells to specifically recognize
NKG2DLs on the cancer cell surface of human GC cell
lines and primary ascites-derived GC cells expressing
surface NKG2DLs. Thus, chNKG2D receptor-modified
T cells represent a potential therapeutic strategy for
NKG2DL-expressing GC with peritoneal metastasis.

A new type of CAR-T cells is needed to make
breakthroughs in the solid tumor treatment “bottleneck”. A
new potential target in GC is human trophoblast cell surface
antigen 2 (Trop2), which is often expressed in various
epithelial tissue tumors, including GC cells, and promotes
malignant biological behavior including lymph node and
distant metastasis (75). Similarly, PD-L1 is expressed at
significantly higher levels in GC tissues, and the lymphoid
tissues of GC metastasis and is related to a poor survival
prognosis (76). The bi-specific Trop2/PD-L1 third
generation CAR-T method was developed recently (77).
The constructed CAR-T lentivirus contains an anti-Trop2
scFv sequence (heavy chain variable Trop2 VH region-
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Linker-Trop2 light chain variable region), and an anti-
PD-L1 scFv sequence (PD-L1 heavy chain variable region-
Linker and PD-L1 light chain variable region), and is
tandemly connected to CD8T transmembrane hinge,
transmembrane domains of CD28 and CD137, and the
cytoplasmic component of CD3( chain. This CAR structure
on T-cells can bind to Trop2 or the PD-L1 extramembrane
domain of GC cells. The killing ability of bi-specific Trop2/
PD-L1 CAR-T cells is greater than that of mono-specific
CAR-T cells (Trop2 CAR-T and PD-L1 CAR-T) and the
independent control group. The levels of the cytokines,
IFN-y and IL-2, released by bi-specific Trop2/PD-L1
CAR-T cells were the highest among all other types of
CAR-T cells and the control group. Furthermore, in a
xenograft model bearing human gastric tumors, bi-specific
Trop2/PD-L1 CAR-T cells significantly reduced tumor
growth compared with mono-specific CAT cells and the
control group. This study provides a novel strategy for the
clinical application of bi-specific CAR-T cell technology
targeting Trop2/PD-L1 and checkpoint blockade in solid
tumors, and shows the potential for high efficiency in
treating GC.

Immune checkpoint molecules in GC peritoneal metastasis

Immunological checkpoint inhibitors have effects on various
advanced cancers. However, their basic research and clinical
trials have not yet established in peritoneal metastasis from
GC. In our work with multiplex profiling of peritoneal
metastasis (13), we identified not only gene mutation
signatures, but also immune profiles for two main groups of
PC specimens: the T-cell ‘exclusive’ and T- cell ‘exhausted’
subtypes. It is interesting to show high levels of immune
checkpoints, T-cell immunoglobulin and mucin domain-
containing protein 3, (TIM-3, also called HAVCR2) and
its ligand galectin-9, V-domain Ig suppressor of T-cell
activation (VISTA) and T'GF-B1 in the T-cell ‘exhausted’
subtype, providing potential novel therapeutic immune
targets. Thus, molecular classification may be more
meaningful in stratification of PCs for therapy decisions.

PD-L1

Recently, the U.S. Food and Drug Administration
approved pembrolizumab for patients with PD-L1-positive
metastatic GC. In a study of 225 patients with advanced
GC, PD-L1 expression on tumor cells, and on immune
cells, mismatch repair-deficiency, and Epstein-Barr virus
positivity were identified (78). PD-L1 expression in tumor

© Translational Gastroenterology and Hepatology. All rights reserved.

Translational Gastroenterology and Hepatology, 2020

cells was more frequently observed in patients with deficient
mismatch repair (PIK3CA and KRAS mutations), while
PD-L1 on immune cells was associated with Epstein-
Barr virus positivity and lymph-node metastasis. PD-
L1 expression on either immune cells or tumor cells
was less frequently observed in patients with peritoneal
metastasis. Significant association was no or less observed
between PD-L1 expression and receptor tyrosine kinase
expression or the presence of other gene alterations. PD-L1
expression on either tumor cells or immune cells was not
a prognostic factor. These findings suggest that immune
checkpoint molecules, PD-1 and its ligand, are unlikely
specific suppressive molecules among potential therapeutic
targets in peritoneal metastasis from GC. Nevertheless,
immunotherapeutic strategy of targeting multiple immune
checkpoints is highly challenged to decide based on
individual patients’ genetic and immune status in detail.

The tumor immune microenvironment is changed after
neoadjuvant chemotherapy in locally advanced GC. A
panel of tumor-infiltrating immune cells and checkpoint
molecules of lymphocytes was investigated in 60 patients
with advanced GC (79). The overall expression levels of
CD4, CDS8, PD1, PD-L1 and TIM-3 were significantly
increased at post-neoadjuvant chemotherapy, compared
with prior to treatment. Individually, as contrast of
increased expression of the markers in majority of patients,
minorities of patients had decreased expression of these
markers plus FOXP3. Alterations in expression between
pre- and post-neoadjuvant chemotherapy of PD-1, PD-L1
and TIM-3 showed strongly positive pairwise correlations
with each other. Multivariate analysis demonstrated that
high levels of CD8, PD-1, and PD-L1 at-post neoadjuvant
chemotherapy were beneficial prognostic factors for overall
survival. The overall increased expression of checkpoint
molecules and infiltration of immune cells might indicate a
dynamic bi-directional shift in the tumor microenvironment
during neoadjuvant chemotherapy in GC. These data
provide the possibility of applying chemotherapy combined
with immunotherapy or even dual checkpoint blockage in
locally advanced GC.

TIM-3 and galactin-9

TIM-3 is encoded by the HAV'CR2 gene and expressed more
or less on all of immune cells as an immune checkpoint
receptor. TIM-3 level was significantly upregulated in
monocytes of peripheral blood mononuclear cells from GC
patients compared with those from healthy controls (80).
The upregulated TIM-3 levels were correlated to depth of
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tumor invasion, tumor lymph node metastasis, and advanced
clinical stages of GC. In addition, the mouse model revealed
that TIM-3 level on monocytes/M@ was associated with
xenograft formation and growth rate. Furthermore, TIM-
3/Gal-9 signal significantly stimulated monocytes to secrete
IL-6, IL-8, and IL-10 in presence of LPS. TIM-3 expressed
on monocyte/M@ might be involved in regulation of M¢
function and contributed to an important mechanism in GC
progression.

Galectin-9 (Gal-9) is identified as a ligand of TIM-
3. Its expression is also related to tumor cell adhesion or
metastasis in solid tumors. The TIM-3/Gal-9 axis may
play a role in promoting T cell exhaustion (81). Higher
expression of Gal-9 was demonstrated in GC and subcellular
localization in the extra cellular area and cytoplasm of
tumor cells (82). In the same study, TIM3 was expressed
mainly in immune cells, with minimal expression in GC
cells. Expression of TIM3 and Gal-9 as well as Foxp3+
T cell density was reversely correlated to the overall survival
rate in patients. The TIM-3/Gal-9 signal may contribute
toward a suppressive tumor microenvironment via Treg cell
activation. Gal-9 either promotes or inhibits tumor activity,
depending on its interactions with its ligands on T cells,
antigen-presenting cells, or tumor cells. Gal-9 functions
that are associated with GC peritoneal metastasis and could
be combined with TIM-3 checkpoint immunotherapy have
not been reported and should be exploited in the future.

Cytokine profiles in peritoneal metastasis

IL-2

Immune cells secreted cytokines in response to pathogenic
inflammation, infection, and cancers. IL-2 is a secreted
mediator that is important for the proliferation of T
and B lymphocytes, as well as for activation of cytotoxic
T lymphocytes, helper T lymphocytes, NK cells, and
lymphokine-activated killer cells (83). IL-2 administration
in some tumor models has been shown to promote
antitumor immunity, in which IL-2 is presumed to alleviate
anergic blockage of T cells (84). CD80, as a ligand of
CD28, plays a key role in inducing cell-mediated immune
responses, and as result of co-expression of CD80 and
IL-2 in T cells, tumorigenicity is decreased in some types
of malignant tumors (85). Many tumors, including GC,
have decreased expression of CD80, resulting in the failure
of immune recognition. IL-2 addition combined with
adenovirus-expressing CD80 significantly increased the
activated cytotoxicity of mononuclear cells in peritoneal
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metastasis from GC (86). In vivo survival of mice with
intraperitoneal tumor was longest in IL-2 addition plus
CD80 overexpression. These results confirmed that effects
of IL-2 contribute to improving CD80 therapy in peritoneal
metastasis of GC. Strikingly, IL-2 is reported to rescue T
cells from PD-1-mediated effects by direct activation of
Akt via STAT'S and circumvent the PD-1 interference (87).
Beside IL-2, other cytokines, such as IL-7 and IL-15, are
also found to abate the inhibitory effects of PD-1 ligation
through activation of STAT'S (88).

Interferon-beta (IFN-[3)

IFN-B has been used to treat several cancers in preclinical
and clinical research. The essential nature of interferon-
activated immune signaling and its role in stimulation of
immune effector cell functions for tumor prevention or
eradication has been established in murine models. Novel
engineered forms of human and mouse IFN-B have been
developed, named PEG-hIFN-B and PEG-mIFN-f, in
which IFN-B is conjugated with a polyethylene glycol
(89). These IFN-B molecules retained anti-viral potency
similar to natural IFN-B in vitro and manifested improved
pharmacokinetics iz vivo. Interestingly, PEG-hIFN-f
directly suppressed VEGF165-induced hyperpermeability
in human vascular endothelial cells. PEG-mIFN-B
significantly downregulated the accumulation of ascites
fluid and vascular permeability of the peritoneal membrane
in xenograft mouse models of ovarian cancer and GC.
PEG-mIFN-B enhanced expression of a number of cell
adhesion-related molecules in vitro. These findings show
the long-acting PEGylated hIFN-B in maintaining vascular
integrity, and provide a curative tool for efficient treatment
of malignant ascites.

CCL5

Chemokine CCLS5 is a demonstrated biomarker for
peritoneal metastasis in patient with GC and a predictive
factor for a poorer outcome. The concentrations of serum
CCLS5 were increased in GC patients compared with health
controls, and correlated with peritoneal metastasis, more
invasive histological types and more advanced disease stages.
These phenomena suggest CCLS5’s role in the progression
of peritoneal metastasis from GC (90).

TGF-f

Cytokine TGF-f has long been studied for in inflammation
and tumorigenesis. Alteration of the TGF-p signaling
pathway is associated with liver and gastrointestinal cancers.

Transl Gastroenterol Hepatol 2020;5:57 | http://dx.doi.org/10.21037/tgh.2020.02.08


https://www.sciencedirect.com/topics/medicine-and-dentistry/predictive-factor
https://www.sciencedirect.com/topics/medicine-and-dentistry/predictive-factor

Page 12 of 16

The function of TGF-p is context dependent; it helps
maintain tissue hemostasis by regulating cellular growth,
differentiation, and survival, controls early-stage tumors by
promoting cell cycle arrest, and apoptosis; and in allows for
tumor invasion and metastasis at advanced stages (91).

While TGF-B functions as a tumor suppressor in
the gastrointestinal tract, it can also function as a tumor
promoter. These dual effects of TGF-B are a major barrier
for the development of drugs targeting this pathway, and
few drugs targeting the TGF-B pathway have proven
effective in clinical trials. Therefore, identifying novel
strategies that target specific components of this pathway
will lead to improved outcomes for lethal liver and
gastrointestinal cancers (92). Greatly increased expression
of TGF-B1 was elucidated in the co-culture of both gastric
tumor cells and mesothelial cells, compared with individual
culture conditions. Serum-free conditioned media from
human GC cells profoundly induced extracellular matrix
expression 7 vitro and in vivo, and tumorigenicity in mice
with peritoneal fibrosis was greater than in mice with
normal peritoneum. TGF-B1 blockage by peptide P17
partially alleviated development of peritoneal metastasis.
These results indicated that TGF-B1 has an important role
in induction of peritoneal fibrosis upon interaction of GC
with peritoneal fibrosis, which in turn affects dissemination
of GC (93).

Conclusions

Existing research has verified broader and deeper
insight into mechanisms of GC peritoneal metastasis in
molecular biology and immunology. However, we are
still in the middle of fully understanding GC progression
and metastasis. Identifying more molecules and their
interactions involved in the various signaling pathways of
GC with PC in detail will lead to novel strategies to target
key components of GC peritoneal metastasis and other
types of GC and improve specific therapeutics in the clinic.
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