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Gastric cancer (GC) is a kind of malignant tumor disease that poses a serious threat to
human health. The GC immune microenvironment (TIME) is a very complex tumor
microenvironment, mainly composed of infiltrating immune cells, extracellular matrix,
tumor-associated fibroblasts, cytokines and chemokines, all of which play a key role in
inhibiting or promoting tumor development and affecting tumor prognosis. Long non-
coding RNA (IncRNA) is a non-coding RNA with a transcript length is more than 200
nucleotides. LncRNAs are expressed in various infiltrating immune cells in TIME and are
involved in innate and adaptive immune regulation, which is closely related to immune
escape, migration and invasion of tumor cells. LncRNA-targeted therapeutic effect
prediction for GC immunotherapy provides a new approach for clinical research on
the disease.
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INTRODUCTION

Gastric cancer (GC) is a kind of malignant tumor that develops from the gastric mucosa. According
to the most recent International Agency for Research on Cancer (IARC) statistics, there were
1,089,000 new cases of GC and 776,000 deaths globally in 2020, making it the fourth leading cause of
cancer mortality worldwide (1, 2). The pathogenesis of GC is very complex. At present, the role of
Helicobacter pylori (HP) infection in the pathogenesis of GC has gradually been widely recognized.
In addition, dietary influence, oncogene activation mutation and/or amplification, tumor
suppressor gene mutation and/or inhibition, abnormal expression of cell cycle regulatory factors
and signal molecules are all closely related to the occurrence and development of GC (3, 4). The
screening and diagnostic procedures for middle and early GC include barium meal fluoroscopy,
electronic gastroscopy, and serum pepsinogen (5). However, due to the hidden onset of early GC or
the high cost of screening, the majority of patients with GC have been diagnosed as advanced stage
(6). The main therapeutic strategies for GC include surgery, chemotherapy, and targeted therapy,
however due to a lack of targets and drug resistance, these therapeutic strategies have not
demonstrated promising results, particularly in patients with advanced GC. Immunotherapy for
GC has received increasing attention in recent years as immune checkpoint research has developed,
although various subtypes of GC patients respond differently to immunotherapy (7). Therefore, it is
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very important to find biomarkers for GC that are convenient for
screening, diagnosis, prediction of drug efficacy and prognosis to
guide the formulation of treatment strategies.

Long non-coding RNA (IncRNA) is a kind of non-coding
RNA that has a transcript length more than 200 nucleotides (8).
LncRNA is involved in a wide range of cell processes, including
cell proliferation (9), differentiation (10), apoptosis (11) and
immune response (12), all of which are closely related to the
evolution of tumors. According to preliminary estimations from
the human ENCODE project, the human genome encodes more
than 28,000 distinct length IncRNA (13). Clarifying the functions
of all IncRNAs is an unsolved and difficult task, although great
advances have been done in recent studies on their mechanism of
action. Current studies have proved that IncRNAs can regulate
gene expression at the transcriptional level, post-transcriptional
level and epigenetic level. Abnormal expression of IncRNAs can
influence selective gene splicing, miRNA binding to mRNA,
chromosome remodeling, and promoter activation through
interactions with DNA, RNA, and protein, therefore impacting
almost every link in gene expression (Figure 1) (14). Thus far,
many abnormally expressed IncRNAs have been found in GC
tissues. These genes can be used as oncogenes or tumor
suppressor genes to regulate cell pathways, affect cell functions
and participate in the generation and development of tumors
(Table 1). Since some IncRNAs were found to be tissue-specific
(34), they have been used as biomarkers for early diagnosis and
prognosis of tumors by an increasing number of researchers in
recent years.

The internal environment in which tumor cells formed and
survive is known as the tumor microenvironment (TME). It
plays an important role in tumor genesis and evolution. TME is
mainly composed of tumor cells themselves and their
surrounding fibroblasts, immune and inflammatory cells, glial
cells and other stromal cells. The tumor immune
microenvironment (TIME), which is composed of immune
cells, is particularly important. Various immune cell
components of the immune microenvironment interact closely
with cancer cells during the recruitment of cytokines and tumor-
related signals, and then evolve with each other to jointly
promote tumor invasion and metastasis (35, 36). The
components of interstitial cells involved in the regulation of
TIME are complex and variable, which promote each other to
form a cascade effect and jointly promote the evolution of tumor
cells. The main components include tumor-associated
macrophages, tumor-infiltrating lymphocytes, neutrophils,
tumor-associated fibroblasts, extracellular matrix, cytokines
and so on (37-40). LncRNAs molecules have an important
role in tumor cell remodeling TIME and regulation of tumor
cell immune escape. For example, Lnc-Tim interacts with Tim-3
to induce Bat3 release and promote CD8'T cell failure, resulting
in hepatocellular carcinoma immune evasion (41). Lnc-sox5
promotes colorectal cancer by increasing IDO1 expression,
which inhibits CD8'T infiltration and cytotoxicity (42). Nifk-
asl inhibits macrophage M2 polarization and endometrial
cancer cell malignant phenotype by targeting miR-146a (43).
The main focus of this paper was on the basic characteristics and

functional roles of IncRNAs in GC TIME, as well as the
immunotherapeutic potential of IncRNAs in GC treatment.

LncRNA IS A REGULATOR OF IMMUNE
CELLS IN GC TIME

LncRNAs and GC-Associated Innate
Immune Cell

GC-associated innate immune cells are mainly composed of GC-
associated macrophages (CAFs), followed by dendritic cells
(DCs) and natural killer cells (NK cells), etc. Through
autophagocytosis, antigen recognition, cytokine synthesis and
secretion, these cells play a significant role in the GC TIME.

LncRNAs and GC-Associated Macrophages
GC-associated macrophages infiltrated by bone marrow monocyte
differentiation in TME are an important component of TIME. In
TIME, macrophages are polarized into two different subtypes of
macrophages by different stimuli: conventionally activated
macrophages (M1 phenotype macrophages) and alternatively
activated macrophages (M2 phenotype macrophages) (44, 45).
M1-phenotype macrophages are activated by IFN-v (interferon-y),
LPS (lipopolysaccharide), TNF-ou (tumor necrosis factor-o), etc.
After activation, immune stimulators are secreted to induce
adaptive responses, as well as the secretion of reactive oxygen
species and nitrogen intermediates. It is classified as anti-tumor or
“good” macrophages since it is primarily involved in Thl type
immune response, monitoring tumor lesions, and resisting
pathogen invasion (46). Meanwhile, M2 phenotype macrophages
are usually activated in response to stimulation such as IL-4, IL-10
and IL-13. Activated M2 macrophages can release VEGF, PDGF,
bFGF and other angiogenic factors as well as growth factors and
matrix metalloproteinase, which can stimulate the formation of
blood vessels in tumor and activate epithelial-mesenchymal
transformation, invasion and metastasis of tumor cells (47). At
the same time, it can also promote the formation and maintenance
of tumor stem cells by increasing the expressions of IL-10 and
TGEF-B (transforming growth factor-f) in TIME, and reduce the
expressions of IL-1, IL-6, IL-12 and TNF-o. (transforming growth
factor-ct) (48, 49). Therefore, it is regarded as a “bad” macrophage
promoting tumor.

So far, it has been proven that a variety of LncRNAs play a
role in the polarization of GC-associated macrophages, hence
influencing GC progression. Xie et al. found that highly
expressed LncRNA ANCR in GC tissues down-regulated
FoxOl expression by promoting FoxO1 ubiquitination and
degradation, and reduced IL-1P and IL-6 secretion, facilitating
GC cell invasion and metastasis (50). Nie et al. found that
IncRNA HCG18 up-regulated KLF4 expression by decreasing
miR-875-3p in macrophages mediated by GC derived exosomes,
thereby promoting polarization of M2 macrophages (51).
Furthermore, a bioinformatics analysis revealed that H19,
which is significantly expressed in GC, can regulate the
expression of COL1A2 in sponge tissue miR-29A-3p. In GC,
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FIGURE 1 | LncRNAs interactions and functions, and the mechanism of IncRNAs acting as molecular sponge. (A) LncRNAs regulate gene expression by affecting local
chromatin structure or recruiting regulatory proteins to specific loci. (B) LncRNAs facilitate RNA inhibition and degradation through interacting with mRNA and miRNA to
control splicing or acting as a ceRNA of miRNA. (C) LncRNAs can serve as molecular scaffolds, guides, or decoys for regulatory proteins to regulate protein. (D) A part of
IncRNAs are able to encode short peptides. (E) MIRNAs are capable of directly binding to the matched regions of mRNAs by specific identification in a base-pairing manner,
and thus inducing mRNA degradation at the post-transcriptional level by forming RNA-induced silencing complex (RISC) with related proteins such as Argonaute 2 (AGO2).
LncRNAs own the miRNA response elements (MREs) which have complementary miRNA binding sites that can competitively bind to miRNAs. Therefore, INcCRNAs are able
to exert its biological functions by regulating the expression of MRNAs or sequestering corresponding miRNA molecules.

the H19-miR-29A-3p-COL1A2 axis can induce macrophage  through a variety of mechanisms, further affecting the
polarization from M1 to M2 (52). In summary, IncRNAs  occurrence and metastasis of tumors, implying that targeting
expressed by GC-associated macrophages or secreted by tumor  these IncRNAs in GC-associated macrophages or tumor cells
cells regulate the function of GC-associated macrophages  may be a potential anti-tumor strategy.
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TABLE 1 | LncRNAs involved in GC TME.

LncRNA Chromosomal Expression Signaling pathways Stromal Clinical Reference
position cells  Significance
LINC00342 2g11.1 Upregulated in GC tissues and cell miR-545-5p/CNPY2 axis GC - (15)
lines.
NCRNA00072 12913.13 Upregulated in GC tissues and cell Targeting miR-126 to active CXCR4 and RhoA GC — (16)
lines
LINC00008 11p15.5 Upregulated in GC tissues and cell miR-138/E2F2 Axis GC — (17)
lines
LINC00047 119131 Upregulated in GC tissues and cell PISK/AKT pathway GC — (18)
lines
LINC00256A 9032 Upregulated in GC tissues and cell FAM225A-miR-206-ADAM12 axis GC — (19)
lines
RP11- — Upregulated in GC tissues and cell Activating ATF2 Signaling and Enhancing Treg Cells GC (O] (20)
357H14.17 lines
SUMO1P3 1g28.2 Upregulated in GC tissues and cell  Wnt/B-catenin signaling pathway GC - (21)
lines
LSINCT5 5p15.33 Upregulated in GC tissues and cell Affecting the epithelial-mesenchymal transition GC — (22)
lines
LINC00001 Xq13.2 Upregulated in GC tissues and cell Regulating miR-497/MACC1 axis GC — (23)
lines
LINC0O1540 18p11.31 Upregulated in GC tissues and cell Acting as a molecular sponge of miR-378 to modulate GC — (24)
lines MAPK1 expression
HOXA-AS2 7p15.2 Upregulated in GC tissues and cell Epigenetically silencing P21/PLK3/DDIT3 expression GC — (25)
lines
LINC00152 2p11.2 Upregulated in GC tissues and cell EGFR-dependent pathway GC — (26)
lines
LOC554202 9p21.3 Downregulated in GC tissues Regulate E2F1 and P15 expression GC - 27)
RMRP 9p13.3 Downregulated in GC tissues Acts as a miR-206 sponge to modulate cell cycle GC — (28)
through regulating the expression of Cyclin D2
GAS5 1925.1 Downregulated in GC tissues regulating E2F1 and P21 expression. GC OS, DFS (29)
WT1-AS 11p13 Downregulated in GC tissues Inhibit cell proliferation, migration and invasion, and GC — (30)
increase the proportion of GO/G1 cells
LINC00902 3013.31 Downregulated in GC tissues Tumor suppressors regulated by p53 and play a role by GC DFS, DDS (31)
inhibiting mIR-23b
LINC00023 14932.2 Downregulated in GC tissues p53 signaling pathway GC — (32)
LINC 2g12.1 Upregulated in T-reg from TGF-beta signal pathway T-reg — (33)
-POU3F3 peripheral blood of GC patients.

LncRNAs and GC-Associated NK Cells
Natural killer (NK) cells, in addition to T cells, have pan-specific
natural immune recognition and a rapid killing mechanism,
making them an useful tool in anti-tumor therapy. Different
from T cells, NK cells do not rely on the activation of antigen
presenting cells to detect early signs of tumor transformation in
time and respond immediately, making them the first line of host
defense against tumor (53). It is worth noting that NK cells are
not only killer cells, but also immunomodulatory cells. T' cells
and dendritic cells can be modulated by NK cells to have positive
or negative impacts on tumor response in a variety of ways (54).
For example, NK cells produce cytokines and chemokines,
recruit dendritic cells (DCs), promote the maturation of DCs,
and enhance adaptive immune response (55). Previous clinical
studies have shown that NK cell killing activity and the number
of intratomatous invasion are negatively correlated with GC risk
and prognosis (56). This may be closely related to the effect of
NK cell infiltration in maintaining tumor cell dormancy and
inhibiting tumor metastasis (57).

Many LncRNAs are involved in the differentiation of NK
cells, with the most well-known being the research of Inc-
CD56.The expression of Inc-CD56, also known as AB128931,

is significantly up-regulated in human NK cells and is closely
related to the expression of typical NK cell surface marker CD56,
which is involved in NK cell development (58). Tumor-
infiltrating CD3+CD56+ NKT-like cells and impaired effector
function in GC have been linked to immune escape and tumor
progression. This may be related to the downregulation of Inc-
CD56 in GC, although further research is needed to confirm this
(59). In addition, Wei et al. found that IncRNA GAS5 in GC also
enhanced the secretion of IFN-y and TNF-o by regulating miR-
18a, as well as the cytotoxicity of NK cells to GC, and the up-
regulation of GAS5 expression may provide a new idea for anti-
tumor therapy (60). Therefore, the importance of LncRNA in
regulating NK cell infiltration in GC TIME cannot be ignored,
and more exciting studies are expected to further confirm it.

LncRNAs and GC-Associated DCs Cells

DCs play an important role in antigen presentation. They are
considered to be the most powerful professional antigen-
presenting cells, with antigen presentation capability 100-1000
times that of macrophages and B cells (61). DCs and NK cells are
both referred to be “former sentinels” of the immune response.
In the immature state of DCs, they have a strong ability to
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devour. After phagocytic antigen, mature under the stimulation
of cytokines, and then express CD80/86/40 and other
costimulatory molecules, presenting the antigen to T cells to
activate the downstream specific immune response (62). During
tumor growth, DCs present antigen to naive T cells and memory
T cells under the influence of the inflammatory environment and
costimulatory signals, which leads to antigen tolerance or
initiates and triggers effector T cell response (63). According to
their origins and degrees of differentiation, DC cells can be
classified as DC1 (myeloid DC, mDC) or DC2 (plasmacytoid
DC, pDC) (64). Studies have shown that adequate density of
mature DC in the tumor can prolong the survival of GC patients,
and higher CD1/CD2 ratio and lower DC2 cell level are
negatively correlated with the degree of tumor differentiation,
degree of Foxp3™ Treg cells invasion and the risk of lymphatic
metastasis (65, 66).

It is worth noting that studies on the regulation of IncRNAs
on DCs mainly focused on HOTAIRM1 and Inc-DC genes.
LncRNA HOTAIRM1 (HOX Antisense intergenicRNA
myeloid 1, HOTAIRM1) was located between human HOXA1
and HOXA2 and played a functional role in regulating the
expression of adjacent genes at the 3 end of HOXA cluster (67,
68). LncRNA HOTAIRMI1 was found to be down-regulated
during differentiation from monocytes to dendritic cells, and
upregulation of HOTAIRM1 appeared to inhibit DCs
maturation (69). Conversely, Lu et al. showed that the
LncRNA HORAIRM1 suppressed the PI3K/AKT pathway and
inhibited the development of GC by acting as a competing
endogenous RNA of miR-17-5p and mediating the expression
of PTEN (70). Because the outcomes of these two studies may be
contradictory, more research into the specific mechanism of
HOTAIRM1 in GC TIME is required. High-throughput
screening analysis showed that Inc-DC was a specific
regulatory gene for DC differentiation and development.
Further mechanism studies showed that Inc-DC could promote
DC cell maturation by activating STAT3 signaling pathway,
positively regulate CD4"T cell differentiation to Thl cell, and
then regulate immune inflammatory response (71, 72).
Unfortunately, the regulatory role of Inc-DC in immune
system diseases such as Sjogren’s syndrome, multiple sclerosis,
and systemic lupus erythematosus has been confirmed (73-75),
but there is no report on the anti-tumor effect. We expect that
future studies can further explore the role of Inc-DC in TIME.
Recently, Zhu et al. found that LINC00963, which is highly
expressed in GC tissues, regulates CDC5L expression and
mediates DCs related anti-tumor immune response through
competitive binding with miR-612, thus promoting GC
progression. Therefore, targeting LINC00963 may be a
promising GC treatment strategy (76).

LncRNAs and GC-Associated Adaptive
Immune Cell

Compared with innate immunity, adaptive immunity is relatively
slow, but it has high specificity and memory function. Adaptive
immunity consists of cellular immunity mediated by T cells and
humoral immunity mediated by B cells. Nevertheless, since

humoral immunity is rarely engaged in GC TIME, no studies
on the role of B cells in GC TIME are currently available. Here,
we principally focus on reviewing the role of T cells in GC TIME.

LncRNAs and GC-Associated T Cells

T cells, which are the second most common type of immune cell
in tumors after macrophages, play a dual role in tumor
development. Immune escape of tumor cells is usually closely
related to the activation of immunosuppressive properties of T
cells and the weakening of anti-tumor properties (77).

CD8" T Cell

CD8" T cells are the main T cell population in TIME and have
effective anti-tumor attack effect (78). Activated CD8* T
differentiates into cytotoxic T lymphocytes (CTL), which have
an effective anti-tumor effect by releasing perforin or promoting
apoptosis, leading to direct destruction of target cells (79). In
general, high levels of CD8+ T cell infiltration are linked to
favorable therapeutic response and clinical outcomes in a variety
of tumor tissues (80). Similarly, Lu et al. found that GC patients
with a high density of CD8" T cells in MSI-High GC had a higher
overall survival rate than patients with low density (81).
LncRNAs are currently regarded to be an important regulator
of CD8+ T cell activity. LINCO0152, which is up-regulated in
tumor tissues and perimeters of GC patients, has been
considered as an oncogene. Ou et al. found that LINC00152
inhibits the production of Thl-type chemokines CXCL9 and
CXCL10 by binding to the enzymatic subunit EZH2 of PPC2,
reducing the number of tumor-infiltrating CD8" T cells and
thereby contributing to tumor progression (82).

CD4" T Cell

CD4+ T cells are activated primarily by MHC class II antigen
recognition and serve an important regulatory role in anti-tumor
immune response. It has been found that in tumor immunity,
CD4" T cells can activate CD8" T cells through a variety of
mechanisms, allowing them to differentiate into CTL while
maintaining and enhancing the anti-tumor response of CTL.
On the other hand, CD4+ T cells can kill tumor cells directly
through the IFN- y mechanism even in the absence of CD8+ T
cells (83). Therefore, scientists regard it as a non-negligible
“supporting role” in TIME.

To adapt to varied developmental and environmental
conditions, naive CD4+ T cells have high plasticity and can
differentiate into multi-seed cells (84). Th1, Th2 and Th17 are
part of helper T (Th) cells, which are differentiated from antigen-
stimulated primitive CD4+ T cells and play different anti-tumor
immune functions. Thl cells mainly secrete IFN-y and IL-2,
which activate CD8+ T cells and natural killer (NK) cells,
promoting cellular immunity. To mediate humoral immunity,
Th2 cells mainly secrete IL-4, IL-10, and IL-13. Th17 cells
differentiate from Naive CD4" T cells induced by both TGF-§
and IL-6, and they affect inflammation and progression of tumor
diseases (85). LncRNA is also involved in the regulation of Th
cells. According to Yao et al., high expression of IncRNAs (A2M-
AS1, C20rf27A, and ZNF667-AS1) in GC tissues may act on hub
ferroptosis-related genes, impair the activation of CD4" T cells
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and Th cell infiltration, and ultimately lead to poor prognosis of
GC (86). Lnc-SGK1 was shown to be significantly upregulated in
GC tissue and peripheral blood, and it was linked to HP infection
and a high salt diet. On another study, Yao et al. found that Lnc-
SGK1 induces Th2 and Th17 differentiation while reducing Th1
differentiation through the SGK1/JunB signaling pathway, which
is closely related to the poor prognosis of GC (87).

Treg Cells

Treg cells are a subset of CD4" T cells with a significant
immunosuppressive effect. At present, the most studied cells are
CD4"CD25" Treg cells, which express the transcription factor Foxp3
in their cytoplasm. Most scholars identify CD4"CD25 "Foxp3™ T cells
as Treg cells. Numerous investigations have revealed that
immunosuppressive regulation of Foxp3+ Treg cells is an essential
mechanism of tumor immune escape (88). Deng et al. used TGF-1
signaling to induce Foxp3+Treg cells in a hypoxic environment,
which could allow dominant selection in GC to evade immune
surveillance (89). Some studiesshowed that the absolute number of
Foxp3'Treg cells in peripheral blood of patients with GC was
significantly lower than that of normal controls, especially in
patients with lymph node metastasis (90). Generally, LncRNA

serves as an oncogene in the regulation of Treg cells. High-
throughput sequencing revealed that Lnc-POU3F3 could promote
the proliferation of GC cells by recruiting TGF-J protein, activating
TGF-B signaling pathway and promoting the distribution of Foxp3™*
Treg in peripheral blood T cells (33). Tang et al. found through
ssGSEA analysis that LncRNA RP11-357H14.17 enhanced
differentiation of Treg cells by activating the ATF2 signaling
pathway, and thus played a carcinogenic role in GC (20).

It can be seen that IncRNAs plays a assignable role in the
immune cells in TIME during the whole process of GC
generation and development (Figure 2). However, due to the
variety of IncRNA and the limited number of existing studies,
further exploration is necessary.

LncRNA IS A REGULATOR OF
EXTRACELLULAR MATRIX IN GC TIME

Extracellular matrix (ECM) is a macromolecular substance
synthesized by cells that is secreted and distributed on the cell
surface or between cells. ECM is composed of basement
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membrane (BM) and intercellular matrix, and it serves as an
important tissue barrier to prevent tumor cell metastasis. Its
main components include glycosaminoglycans, proteoglycans,
collagen and elastin, fibronectin (FN) and laminin (LN), the
precise composition of which varies from tissue to tissue (91).
ECM utilizes collagen and proteoglycans as the basic skeleton
and produces a fibrous network complex on the cell surface by
EN or LN directly to the cell surface membrane integrin receptor
and to the cytoskeleton proteins. Through membrane integration
proteins, ECM connects the inside and outside of cells,
contributes in cell survival and apoptosis, affects cell shape,
and regulates cell differentiation and migration. Increasing
experimental and clinical observational data shows that ECM
remodeling plays an important role in the precancerous cascade
of GC, enhancing GC proliferation, survival, migration, invasion,
and metastasis (92). For example, tenonin expression is increased
in precancerous and malignant gastric epithelium, while collagen
is shown to be dysregulated at more advanced stages (93, 94).
ECM components and interactions are considered to have better
clinical potential as prognostic biomarkers and pharmacological
targets for GC.

LncRNAs play a considerable role in EMC regulation by
regulating multiple targets including miRNA to achieve tissue-
specific modification of ECM. Based on the evidence, we
hypothesized that the modification of ECM by IncRNAs in GC
is primarily focused on the regulation of matrix metalloproteinases
(MMPs) and the epithelial-mesenchymal transition (EMT).
MMPs are a family of Zn** and Ca** dependent endogenous
proteolytic enzymes, which can be synthesized and secreted by
fibroblasts, neutrophils, macrophages and tumor cells (95). The
primary condition for tumor cell invasion and metastasis is
degradation of ECM and destruction of BM. MMPs is the most
important protease for degradation of ECM. Currently, MMPs has
been found to be involved in multiple steps of tumor genesis,
invasion and metastasis (95). The evolution and metastasis of GC
mainly focus on MMP-2, MMP-9 and MMP-14. EMT is the
biological process through which epithelial cells undergo a
particular transformation into mesenchymal phenotypes. It is
characterized by decreased expression of adhesion molecules
(such as e-cadherin), transformation of cytoskeleton from
keratin to vimentin, and mesenchymal cell morphology (96).
EMT caused epithelial cells to lose their polarity, their
connection to the basement membrane, and other epithelial
characteristics, as well as the capacity to degrade the extracellular
matrix, allowing for further migration and invasion (97). Sun et al.
found that the IncRNA VIM AS1 up-regulated the expression of
MMP-2 and MMP-9 proteins by regulating FDZ1 and activating
the Wnt/B-catenin pathway, promoting cell proliferation,
migration, invasion and epithelial-mesenchymal transformation
(98). Meanwhile, LINC01296 is defined as an oncogene because it
can sponge out miR-122 and then up-regulate the expression of
MMP-9 protein, leading to the progression of GC (99). Moreover,
Li et al. found that IncRNA CASC2 with high expression in GC
tissues could reverse the regulatory effect of E2F6 gene on MMP-2,
down-regulate MMP-2 expression and increase caspase-3 activity.
The E2F6/CASC2 axis is expected to become a potential

therapeutic target (100). Xu et al. discovered that by silencing
the IncRNA ZFAS], they could block the Wnt/-catenin signaling
pathway, down-regulate the expression of MMP-2 and MMP-14
proteins, and inhibit the growth, proliferation, migration, invasion
and EMT of GC cells (101). When Wei studied the SOX2OT/miR-
194-5p axis in GC, they showed that the expression of miR -194-5p
was negatively regulated by Inc-SOX2OT expression in GC cells.
Downregulation of SOX2OT inhibited the growth of GC and the
expression of MMP-2 and MMP-9 by inhibiting EMT, and it also
played an effective role in anti-tumor cell metastasis (102). In
addition, analysis of gene data showed that the high expression of
LINC00473 in GC tissues was associated with poor histological
type, advanced clinical stage, more lymph node metastasis and
distant metastasis. Silencing LINC00473 can eftectively regulate the
expression of MMP2 and MMP9 and inhibit the migration and
invasion of GC cells (103) (Figure 3).

Aside from the MMPs family and EMT, some ECM-related
proteins have also attracted the attentions of researchers. As a
collagen family protein, COL5A1 is involved in ECM formation.
Bioinformatics identification showed that COL5A1 may be a key
factor in many cancers, including breast cancer, ovarian cancer,
lung cancer and so on (104-106). Wei et al. proved that COL5A1
may mediate the regulation of the occurrence and development
of GC through its effect on ECM. Lnc-HOTAIR overexpression
in GC tissues upregulated COL5A1 by sponging miR-1277-5p.
ECM1 (extracellular matrix protein 1) is a glycoprotein that is
involved in a variety of biological processes. A great number of
studies have indicated that ECM1 can accelerate cancer
development and invasion, and ECM1 overexpression has been
identified as a poor prognosis indicator (107, 108). Mechanism
studies have shown that ECM1 is positively correlated with the
expression of Inc-FALEC in GC, and high level of ECM1 predicts
shorter survival time in GC patients. Downregulation of Inc-
FALEC and disruption of ECM1 expression, which significantly
inhibits GC cell migration and invasion, may become potential
novel therapeutic strategies (Figure 3).

LncRNA IS A REGULATOR OF CANCER
ASSOCIATED FIBROBLASTS IN GC TIME

Cancer associated fibroblasts (CAFs) are the most common
stromal cells in the TIME, accounting for around half of the
total amount of tumor tissue cells (109). Studies in recent years
have shown that CAFs mainly originate from different cells
through various mechanisms, and there are three main sources
of CAFs: transformation from fibroblasts (110), bone marrow
mesenchymal stem cells (111), and epithelial tumor cells after
EMT (112). CAFs can secrete a variety of cytokines and
metabolites with tumor cells through direct contact or
paracrine mode, assisting tumor cells in immune escape,
promoting tumor angiogenesis, inducing tumor cells to
undergo epithelial-mesenchymal transformation, promoting
tumor extracellular matrix remodeling, and making the
microenvironment more conducive to tumor growth (113). It
has been proved that CAFs play an undeniable regulatory role in
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the whole process of the occurrence and evolution of GC. An
analysis of the relationship between cell expression profile and
clinicopathological features in TIME of 1524 patients with GC
showed that the higher the number of CAFs infiltrates in TIME,
the worse clinical prognosis (114). A large number of studies
have shown that CAFs can directly or indirectly promote the
migration and invasion of GC cells by releasing growth factors or
cytokines. GC CAFs exhibit high levels of miRNA-106B, 143,
and 145 expression and down-regulate miRNA-200 expression,
all of which can enhance GC invasion and metastasis by various
cascade pathways (115). Besides, CAFs also play a role in ECM
remodeling, metabolism, and immune reprogramming. The
signature function of CAFs are known for producing ECM
components (such as collagen, fibronectin, proteoglycan,
periostein, and tenonosin-C), which disrupt the structure of
cancer tissues (116). Simultaneously, CAFs are another major
source of MMPs in addition to cancer cells. All of these factors
contribute to the probability of GC cell metastasis and
diffusion (117).

Until now, the regulation of IncRNA in GC-related CAFs is
mainly manifested as the regulation of autophagy of tumor cells
and the expression of HIF family genes, fibroblast growth factor
and inflammatory factor interleukin. Autophagy is an
intracellular process that has evolved that relies on lysosomes
to degrade intracellular macromolecules in bulk (118). CAFs
autophagy participates in the complex metabolic and nutritional
networks of tumor cells, influencing tumor progression and
resistance to treatment through interactions with a variety of
TIME (119). Wang et al. found that IncRNA can be used as a new
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 miR-122
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4 ] “tumor cell IncRNA CASC2

Inhibit GC progression
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FIGURE 3 | In the gastric cancer (GC) immune microenvironment (TIME), IncRNAs mainly regulate by regulating matrix metalloproteinases (MMPs) and epithelial-
mesenchymal transition (EMT) to achieve the regulation of extracellular matrix (ECM), and then play a role in promoting or inhibiting GC progression.

regulator of autophagy, and the up-regulated IncRNA MALAT1
in GC tissues can lead to the overexpression of metastasis-
associated lung adenocarcinoma transcript 1 (MALAT1),
which leads to autophagy inhibition and increased IL-6
expression, thereby activating the AKT/mTOR pathway and
ultimately leading to the progression of GC (120). Members of
the hypoxia-inducible factor (HIF) family play a crucial part in
cell hypoxia metabolism. The promotion of HIF1A and HIF2A
on angiogenesis, cell metabolism, proliferation, and
extracellular matrix remodeling have been demonstrated
(121). By comparing the differences between GC cancer
tissues and adjacent tissues, Bahramian et al. found that Inc-
CAF was significantly down-regulated in cancer tissues, while
the expression of HIF1A was significantly increased, which may
be related to the regulation of HIF1A expression by Inc-CAF.
Lnc-CAF might be one of the potential targets for cancer-
targeted gene therapy (122). Additionally, Liu et al. reported
that LINC00342 regulates the expression of canopy fibroblast
growth factor signaling regulator 2 (CNPY2) as ceRNA by
direct sponge adsorption of miR545-5P and promotes cell
proliferation, colony formation, migration, and invasion in
vitro (15). Furthermore, noncoding RNA activated by DNA
damage (NORAD) is a novel IncRNA derived from segment
ql1.23 of chromosome 20. Huang confirmed that NORAD
could enhance the promoting effect of CAFs in GCTIME by
upregulating IL-33 and targeting miR-496 (123). Overall, the
regulation of IncRNAs on CAFs affects tumor progression,
implying that targeting IncRNAs in CAFs and tumor cells
might be a novel cancer therapy strategy (Figure 4).
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of tumor cell autophagy, expression of HIF family genes, fibroblast growth factor and inflammatory factor interleukin.

LncRNA IS A REGULATOR OF CANCER
ASSOCIATED CYTOKINES IN GC TIME

Cytokines are derived from immune cells and tumor cells in
TIME and have diverse roles in tumor evolution and
transformation in vivo, exerting either synergistic or
antagonistic effects. They serve as a bridge for information
exchange between TIME and tumor cells, despite the fact that
they have no definite anti-tumor ability. The main cytokines
include interleukin (IL), tumor necrosis factor (TNF), tumor
growth factor (TGF), chemokine and so on (124).

The term interleukin (IL) refers to a group of soluble proteins
secreted by white blood cells that can influence the functioning of
other white blood cells and tissue cells. It is mainly responsible
for immune cell activation and regulation, T and B cell
proliferation and differentiation, and inflammatory responses
in vivo (125). At the moment, at least 38 IL have been identified,
although there haven’t been many investigations on IncRNA-
related IL. IL-21, a member of the IL-2 family, is involved in
tumor biological activity and autoimmunity by binding to its
receptor IL-21R (126). The IL-21/IL-21R axis has been shown to
have a role in the pathogenesis and lymph node metastasis of
malignant tumors by activating the JAK/STAT signaling
pathway (127). Yan et al. found that IL-21R overexpression
was associated with inhibition of the tumor suppressor gene
miR-125a. LncRNA MALAT1 acts as a sponge for miR-125a in
GC cells, and the maladjustment of the IncRNA MALAT1/miR-
125a axis increaseed the risk of survival and recurrence in GC

patients (128). Zhou et al. found that OLCS8, a new LncRNA, was
associated with IL-11 transcription. The binding of OLCS to IL-
11 greatly impaired the degradation of IL-11 mRNA.
Unsurprisingly, higher IL-11 expression increased STAT3
activation and therefore contributed in the development of
GC (129).

TGF mainly includes TGF-o and TGF-f3, among which there
are few reports on the correlation between TGF-a
polymorphism and GC. The TGF-P signaling pathway plays a
vital role in the genesis and development of various tumors, and
this pathway has become one of the hot spots in tumor research.
TGF-B1 and TGF-B2 are the core genes of this pathway, and
their genetic variation has been proved to be closely related to the
strength and normal down transmission of TGF-J} signal, which
is involved in the occurrence and development of a variety of
tumors including GC (130). Zhang et al. found that the
expression of LINC00665 was correlated with tumor depth,
lymph node metastasis and TNM stage, and TGF-B1 was
significantly reduced after LINC00665 was knocked out, which
may be related to the regulation of TGF-31 by LINC00665 (131).
TGF-B1 expression is inversely linked with miR-185 expression,
and the newly discovered IncRNA-XIST can reduce TGF-B1
expression by up-regulating miR-185. Therefore, the XIST/miR-
185/TGF-1 axis is also one of the primary culprits leading to the
progression of GC cells (132). Likewise, several studies have
found that the TGF family has a regulatory effect on LncRNA.
For instance, Saito et al. discovered that TGF can activate
IncRNA-ATB, promoting infiltration and metastasis in EMT
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through TGF-B/miR-200s/ZEB axis, leading to poor prognosis of
GC (133).

Chemokines belong to the family of small molecule cytokine
proteins, and nearly 50 chemokines have been discovered so far. All
chemokine protein sequences in basic have four conservative cysteine;
according to the first two cysteine differences in the relative position, it
can be divided into CXC, CC, C and CX3C 4 subtypes. These
chemokines are not only important in tissue differentiation and
wound healing, but they are also implicated in tumor occurrence,
development, invasion, and metastasis. Many investigations have
currently discovered that CXC, CC, and CX3C are directly
connected to GC invasion and metastasis (134). Dong et al. found

that frequent up-regulation of IncRNA COL1A1-014 in GC tissues
and cells increased the mRNA expression of chemokines ligand
(CXCL12) in GC cells and increased the expression of CXCL12
and CXCR4 proteins through sponge absorption of miR-1273H-5p
(135). Furthermore, inhibition of LINC00152 may increase the
number of tumor-infiltrating CD8+ T cells and promote the
expression of CXCL9, CXCL10, and C-X-C Motif chemokine
receptor 3 (CXCR3) in xenograft tumors, thereby achieving the
goal of tumor suppression. Collectively, LncRNAs have a significant
role in tumor cytokine regulation, with complex mechanisms and
various targets (Figure 5). Discovering effective targets of LncRNA
may provide new light on targeted cancer therapy.
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FIGURE 5 | As a bridge of information exchange between gastric cancer (GC) immune microenvironment (TIME) and tumor cells, cytokines play an important role in
the evolution of GC. Current studies have confirmed that INcRNA has regulatory effects on the interleukin (IL) family, tumor growth factor (TGF) and chemokines in the
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CONCLUSION

There are interactions between cancer cells and TIME: On the one
hand, cancer cells constantly secrete factors to regulate TIME,
making it become a microenvironment conducive to tumor
development, making TIME become a “hotbed” for cancer
diffusion; on the other hand, in response to changes in
environmental conditions and carcinogenic signals of tumors,
TIME constantly changes during cancer development and
regulates cancer progression, leading to abnormal growth,
angiogenesis, metastasis and drug resistance of cancer. LncRNAs
plays an important role in this process. This paper reviews the
research progress of IncRNAs in GC TIME. There are several types
of IncRNAs, each with a specific set of functions. LncRNAs
regulate TIME cells in several ways to either inhibit or promote
tumor growth and progression. LncRNAs targeting cancer
immunotherapy have a wide range of potential applications.
Although the application of IncRNA-based therapies has been
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